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Locus of Short-Term Visual Storage

Abstract. A rod monochromat can preserve visual information in iconic memory even
when the initial stimulus is invisible to the subject. Since the initial invisibility is due to
rod saturation, it can be shown that all the information must have been stored inside the
photoreceptors. Because the spectral sensitivity for producing icons in normal subjects is
that of the rods, the conclusion is that in normal subjects, under ordinary viewing condi-
tions, the photoreceptors are the primary store for iconic memory.

After a brief exposure to an array of let-
ters, a subject cannot usually report all the
letters that he thinks he saw. This sub-
jective phenomenon was demonstrated ob-
jectively in the classic study of Sperling (1),
who compared complete and partial re-
ports made by subjects. The complete re-
port consisted of all the letters a subject
could report from a 50-msec presentation
of, for example, two rows of letters. In the
partial report only sampled half the in-
formation available to the subject, the
letter presentation. If the tone was of high
frequency, the subject had to report only
the letters in the top row. If the tone was of
low frequency, the subject only reported
the letters in the bottom row. Since the
partial report only sampled half of the in-
formation available to the subject, the
number of letters available is twice the
number given in the partial report. This ex-
periment demonstrated that there were
more letters available for short delays than
were recalled in a complete report.

This result led to the notion of a short-
term visual store (STVS), also called icon-
ic memory (2), which decays rapidly.
Sperling tentatively identified the STVS
with the persistence of sensation that fol-
lows the stimulus. This persistence, or visu-
al image, is usually called an icon (2, 3).
Various theories have suggested that
STVS, or the icon, is located partly in the
retina but also at the level of feature ex-
traction or at other more cognitive levels.
The data reported here demonstrate that
under typical viewing conditions this
STVS is located primarily in the retina at
the level of the photoreceptors.

In the first experiment, stimuli consisted
of two rows of four letters each, presented
for 50 msec. Each letter was about 2° high
and the pre- and postexposure fields were
dark. The conditions were similar to those
of Sperling except that a Maxwellian view
apparatus was used instead of a tachisto-
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scope. In the complete report condition,
the subject had to report all the letters. In
the partial report condition, the subject re-
ported either the top or the bottom row,
depending upon whether the auditory tone
was of high or low frequency.

Figure | shows a typical result of this ex-
periment, which repeats Sperling’s demon-
stration that for short delays the number of
letters available is greater than the number
that can be given in a complete report (4).
Thus the STVS contains more letters than
can be reported.

The unusual thing about this experiment
is that the subject was a rod monochromat.
She has the usual characteristics of rod
monochromats, including poor acuity,
complete color blindness, and a breakdown
of visual function at high luminance levels.
These characteristics correspond to the
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Fig. 1. Number of letters available (circles) in
partial report as a function of delay of auditory
tone. The bar indicates the average number of
correctly identified letters in the complete re-
port. The stimulus consisted of two rows of
black letters, four per row, on a white back-
ground field that was about 14° wide by 10° high.
Letter height was about 2° and the letters occu-
pied a visual area about 10° wide by 7° high. The
stimulus was presented for 50 msec and the
delay of the tone was measured from the onset
of the stimulus. A block design was used. Sub-
ject was a rod monochromat.

properties of normal rods. As found for
other rod monochromats, all of her visual
functions tested were the same as rod func-
tions in a normal individual. In particular,
the iconic memory experiments produced
data similar to those obtained for normal
subjects.

In the second experiment on this subject,
an adapting field of about 20° in visual
angle was used in the background. The let-
ters were white and were added onto the
white background. The background field
was set to about 1000 scotopic trolands,
and the letters were again about 2° high
and were displayed for 50 msec. No matter
how bright the letters were made, they
could not be seen by the rod mono-
chromat. She only saw the background
field. However, if she closed her eyes after
the letter presentation, she could see an
icon of the background field and, super-
posed on it, a slightly brighter icon of the
letters. That is, invisible letters produced
ordinary discriminable icons after the rod
monochromat closed her eyes. How is it
possible for an icon to be produced by an
invisible stimulus?

The letters were not seen on the back-
ground because of the phenomenon of rod
saturation, discovered by Aguilar and
Stiles (5) for normal rod vision and later
demionstrated for rod monochromats (6).
That is, the rod system saturates so that it
cannot detect any increments above the
critical intensity of about 1000 scotopic
trolands. This is not due to exliaustion of
the photopigment, since saturation occurs
when only an infinitesimal amount of pig-
ment has been used. The phenomenon of
rod saturation is not noticed by normal
subjects, because cones are operating when
the rods become saturated. A rod mono-
chromat, lacking cone function, cannot see
any increments above the background
when the rods are saturated, and, in partic-
ular, cannot see the letters in the experi-
ment described. The background lumi-
nance used to demonstrate rod saturation
is about the level of that in most tachisto-
scopes.

Although the rod monochromat had her
rod system saturated and could not see the
letters when they were presented, when she
closed her eyes she did see the icon of the
letters superposed on the icon of the back-
ground. Since the letters were eventually
discriminable, the information about the
letters must have been stored before (pe-
ripheral to) the first stage in the visual sys-
tem that saturates. It could not be stored
after the first stage that saturates because
once saturation occurs, no discrimination
is possible. The first stage that saturates
produces identical signals from the back-
ground area and the area that received let-
ters plus background. Therefore, all the in-
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formation about the icon must have been
stored before the first stage that saturates.
Electrophysiological evidence indicates
that the phenomenon of saturation occurs
as early as the rod photocurrent in rats 7)
and Necrurus (8). If human rod photore-
ceptors are similar to those of rats and
Necturus (5-8), then one would assume
that the rod photocurrent in humans would
saturate in a similar manner. Therefore,
the first stage in the visual system that
saturates is either the rod photocurrent or
an earlier stage. Therefore, the informa-
tion about the icon must be completely
stored before the rod photocurrent, and
thus inside the photoreceptor or at the
membrane. The rods that received quanta
from just the background and the rods that
received quanta from the background plus
the letters all send out the same maximum
saturating signal so that from the photo-
current stage on to the brain there is no
discrimination possible.

When the rod monochromat closes her
eyes after the letters are presented, she in
effect turns off the retinal illumination.
However, there will still be retinal activity
since the transduction process takes a fi-
nite amount of time. With the eyes closed,
the rods start to recover so that the photo-
currents will be below the saturating level.
The finding that the rod monochromat can
sec the icon of the letters indicates that
those rods that captured more quanta (let-
ters plus background) are sending out a
larger signal than those that only received
the quanta from the background. It is this
rod photoreceptor current that occurs after
the stimuli are removed that leads to the
sensation of the icon.

Although it is true that the rod mono-
chromat shows normal-looking data in
partial report experiments, one cannot
conclude from this that the information
about the icon is necessarily located in the
photoreceptors in normal subjects, since
normals also have cone vision and we do
not know how this complicates matters.
However, the next experiment demon-
strates that iconic memory in normal sub-
Jects is basically a rod phenomenon, so that
the conclusion derived for the rod mono-
chromat also holds for normals.

The visual stimulus consisted of two

26 DECEMBER 1975

Cones
081 M
/ B.S.
061 X1 sec

Q500 msec

0.4+

Relative sensitivity for producing icons

3
024~
ole _L_/ ] | | |
400 450 500 550 600 650

Wavelength (nm)

Fig. 2. Relative spectral sensitivity (inverse of
energy needed in relative units) for producing 1-
second and 500-msec icons. Smooth curves are
known spectral sensitivities of normal rod and

cone systems. The subject has normal vision.
See text for details.

rows of six letters each, totaling about 12°
wide by 5° high. Each letter was 1.7° high.
The stimulus was produced by a slide with
transparent letters on a black background.
Interference filters of different wavelengths
were placed in the beam so that the letters
appeared to be colored on a black back-
ground. The subject had normal vision,
both rod and cone vision. The stimulus was
presented for 50 msec. A preliminary ex-
periment had demonstrated that if an audi-
tory click was presented at the onset of the
visual stimulus, the click and the onset of
the visual sensation appeared subjectively
coincidental. In the actual experiment, an
auditory click of 20 msec was presented
500 msec after the stimulus. The task of
the subject was to vary the intensity of the
light so that the end of the sensation of an
image or icon of the letters subjectively
matched the onset of the click.

This was done for various stimulus col-
ors. The results are shown in Fig. 2. The
spectral sensitivity to produce a 500-msec
icon or a l-second icon is approximately
the same as the rod spectral sensitivity
function, and is not even approximately
close to the cone spectral sensitivity func-
tion. It is possible that cones play some
role in iconic memory, but for the most
part, the spectral sensitivity in producing
icons is due to rod vision. This is consistent
with the subjective sensation that when, for
example, a green stimulus is used, one sees
a clear crisp image of green letters which

then changes into a diffuse white icon. That
is exactly what one would expect if the rods
are producing the 500-msec or l-second
icon. It may be that rods and cones are
both producing icons. But the rods with
their slower time course (8, 9) produce
longer-lasting icons than the cones.

This experiment demonstrates that for
the most part, under conditions of dark
pre- and postadapting fields, the ican is a
rod phenomenon in normal subjects, so
that the conclusions reached about the rod
monochromat also hold for persons with
normal vision. Thus, under these condi-
tions the information about the icon is

stored primarily inside the rod photorecep-
tors.
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