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Isolating the components of
very-short-term visual memory

JOHN PALMER
University of Washington, Seattle, Washington

Very-short-term visual memory has often been measured with partial report, which uses at
tentional cues to measure performance as a function of cue delay. The resulting cue-delay effect
is often accounted for by a limited ability to transfer information between a high-capacity and
a low-capacity store. According to this transfer hypothesis, the performance measured in a typi
cal partial report experiment results from a mixture of two components: information about the
tested stimuli is transferred both before and after the cue. In the present experiment, the two
components were isolated as follows. Observers attended and memorized a particular object in
a multiple-object display. This display was followed by an auditory cue that indicated which of
the stimuli would be tested. The critical comparison was between a stay condition, in which the
auditory cue indicated the already attended object, and a switch condition, in which the auditory
cue indicated a different object. The stay versus switch manipulation had a large effect. The stay
condition had little cue-delay effect, whereas the switch condition yielded the usual cue-delay
effect. This difference demonstrates the existence of multiple components in the processing and/or
memory underlying partial report experiments.

In experiments on very-short-term visual memory, in
direct methods are used to measure memory over frac
tions of a second following a visual stimulus. In the most
common such paradigm, one uses partial sampling to
measure memory for one part of the stimulus. The critical
manipulation is to present a cue that indicates what part
of the display is to be tested. For example, in the original
partial report task (Sperling, 1960), a display of several
rows of letters was followed by an auditory cue indicat 
ing which row of letters was to be reported. Increasing
the delay between the display offset and the auditory cue
reduced performance. This cue-delay effect was inter
preted as providing an indirect measure of memory at the
time of the cue . Partial sampling has also been adapted
to a discrimination paradigm (Palmer, 1988; see also
Kinchla, 1973). A stimulus of four lines was followed by
an auditory cue, which was followed by a comparison line.
The observer compared the length of the comparison line
to the line in the corresponding position of the first stimu
lus. The cue provided an early indication about which line
would be tested. This second partial sampling task also
showed an effect of cue delay.

According to one interpretation of these partial sam
pling tasks, transfer occurs between two proposed mem
ory stores (Rumelhart, 1970; Sperling, 1960)-a short
lived high-capacity store, and a more durable low-capacity
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store. Information from a display is originally present in
the high-capacity store ; it must be transferred to the low
capacity store if a response is to be mediated. The cue
in the. partial sampling task indicates what information
must be transferred between the stores. If one assumes
that no transfer occurs before the cue, and if the cue is
processed instantaneously, the cue delay provides an in
dication of the information available in the high-capacity
store at the time of the cue . This is the simplest form of
what I will call the transfer hypothesis.

An extension of the simplest transfer hypothesis dates
from the original article on partial report (Sperling , 1960).
Suppose some information was transferred before the cue.
Such a transfer would be particularly useful if the cue was
considerably delayed, and any information would be bet
ter than none. If such a strategy was followed, then any
response would be based on a mixture of two components :
one in which the information was transferred before the
cue and one in which the information was transferred after
the cue. The information transferred before the cue would
be relevant only on the lucky trials on which the trans
ferred information was tested . Nevertheless, this would
provide a second source of information that would con
tribute to performance on some trials. If the two sources
of information were indeed available, then one should be
able to distinguish the two sources by instructing an ob
server where to begin his or her transfer. To distinguish
these sources was the goal of the following experiment.

The experiment was based on the line-length discrimi
nation paradigm (palmer, 1988). The task was to dis
criminate the length of one of the lines in the study stimu
lus. Observers judged whether the single line in the test
stimulus was longer or shorter than the corresponding line
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Apparatus
A computer-controlled display was viewed from a distance of 78 ern

through a 13-cm aperture-reduction screen that was 20 cm in front of
the display . Through the reduction screen , the visible area of the dis
play was 120 in diameter . All displays were black on white, using reverse
video , which eliminates any phosphor persistence following stimulus
offsets. The stimulus lines had a luminance of 70 cd/m", and the sur
round hada luminance of 170 cd/m", which yielded a contrast of 1.0~2 .S.

Further details can be found in Palmer (1988 ).

decline with cue delay but will be as good as performance
in the stay condition, if the cue is presented early enough.

Observers
The 4 observers were adults from 20 to 40 years of age; all had nor

malor corrected-to-normal vision; and all were paid 55 per hour, with
the exception of Observer I, the author . Data from the same observers,
with the same identifying numbers, canbe found in several related studies
(Palmer, 1988, 1990; Palmer & Ames, 1991).

METHOD

o
Switch ConditionStay Condition

Figure 1. A schematic illustration or the experiment. An initial
faxation display indicates which or the roUowing stimuli are to be
initially attended. This is roUowed by either the stay condition, in
which the same location is cued and tested , or the switch condition,
in which a different location is cued and tested .

in the study stimulus. The role of memory was manipu
lated through presentation of an auditory cue at some time
before or after the study stimulus. For example, a low
frequency, right-ear tone indicated the line in the lower
right . This cue was always valid, and it allowed the ob
server to remember just a single line instead of all four.
Observers were to use this cue to direct attention, but they
were not to change their eye position. Eye fixation on the
center of the display was to be maintained at all times.

The new feature of the experiment is illustrated in Fig
ure 1. An initial fixation display contained an arrow that
indicated to the observer that one particular location
should be attended. As before, this was followed by the
study stimulus and the auditory cue. The critical manipu
lation was whether or not the auditory cue marked the
same position as that of the initial arrow instruction. In
the stay condition, the auditory cue indicated the same
position as that of the initial arrow; in the switch condi
tion , the auditory cue indicated a different position. The
probability of either condition was equal , so 50% of the
time the initial attention instruction was appropriate. The
auditory cue remained a 100% valid indicator of the final
test position. The figure illustrates the condition in which
the auditory cue followed the study display; in other con
ditions, the auditory cue occurred between the initial fix
ation display and the study display.

According to the transfer hypothesis , the initial posi
tion will always be transferred from the high-eapacity
store, so the stay condition will result in relatively good
performance and will not be affected by cue delay . In the
switch condition , performance will always be based on
the transfer of information after the cue. Performance will

Stimuli
The stimulus sequence for a switch cond ition trial is illustrated in

Figure I . There were five successive displays : a fixation display, a blank
display , a study display, a blank display (not shown), and a test dis
play . The fixation display contained an arrow indicating which stimu 
lus position was to be initially attendedand was presented for 1,000 msec.
The following blank interval was presented for 1,000 msec, The study
stimulus contained the four lines and was presented for 50 msec . This
was followed by the second blank display , which lasted 2,000 msec ,
Last of all was the test stimulus containing a single line , which was
presen ted for 50 msec .

Auditory cues were presented once just before or just after the study
display . Timing relative to the study stimulus is specified by cue delay ,
which is the interval between studystimulus offset and auditory cue onset.
Cues after the stimulus offset have positive cue-delay values and are
called postcues; cues before have negative values and are called precues.
For example, a cue delay of 10 msec means that the offset of the stimu
lus was followed 10 msec later by the onset of the postcue tone . A cue
delay of -100 msec means that the 5Q-msec precue tone was followed
immediately by the SQ-msec stimulus. Cues were presented to the right
or left ear at Soo or 3000 Hz. The ear of the tone 's presentation indi
cated horizontal position, and the frequency of the tone indicated verti
cal position. For example, the upper left position was cued by high
frequency tone presented to the left ear .

The critical stimuli were horizontal lines that varied in length around
a standard length of 60' of arc . The lines were arranged on an imagi
nary circle 3 0 from a central fixation point. The centers of the lines
were placed on the circle at orientations of I , 4 , 7, and 10 o'clock. In
the test stimulus, the single line was always a standard of 60' of arc .
In the study stimulus, three lines were distractors , and one line was the
comparison line. The length of the comparison line was selected from
the values of 52', 54', 56 ' , 64', 66 ', and 68 ' of arc , and the length of
each distractor line was chosen randomly from the interval SO'-70' of arc.

Procedure
Observers were instructed to make a two-alternative forced choice

discrimination of line length. FoUowingthetest display, observers pressed
one key if the test line appeared shorter than the corresponding study
line and another key if the test line appeared longer. There was no time
pressure, and response accuracy feedback was prov ided by tones . The
results were described as a psychometric function in which the propor
tion of " longer" responses is a function of the change in length . These
data were fit to a cumulative normal , and the results were summarized
by a threshold measure derived from the fitted function. Specifically,
the difference threshold was defined as half of the difference between
the length that produced the "longer" response 25% of the time and
the length that produced the "longer" response 7S% of the time.
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RESULTS

Figure 2. Mean length difference thresbolds are shown as a func
tion of cue delay for the two attention conditions. Error bars =

±SEM.

Cue delays of -"500, - 200, 10, and 500 msc:c and thestay versus switch
conditions were factorially combined and presented in a mixed list de
sign. Observers had prev iously participated in the visual memory ex
periments desc ribed in Palme r ( 1988) and hence had several thousand
trials of prac tice . In addition, they had at least one session of practice
in this specifi c experiment . The 4 observers part icipated in 10 sessions
with 8 conditions , yielding 320 trial s per condition per observer .
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Figure 3. Length dlrrerence thresbolds are shown as a fuoction
of cue delay and initial attention instruction. Each grapb Is for a
separate observer.

roughly 3 0 eye movements were detected on 94 % of the
trials . In the other session , observers were told to main
tain fixation as the normal experiment. Observers 1, 3,
7, and 11 were seen to make eye movements on 61 %,
89%,0% , and 25% of the trials . Only Observer 7 was
successful in maintaining eye fixation . Other observers,
including the author, made eye movements on some per
centage of the trials . The demands of attending to one
place and fixating another are no doubt at the root of the
difficulty in maintaining fixation . This artifact makes it
difficult to interpret results for the -SQO-msec cue delay.
Fortunately , this artifact does not affect the interpreta
tion of the other cue delays, because for those cue delays
there was not enough time to complete an eye movement
before the end of the display .

The highly variable standard errors in Figure 2 are
due to individual differences ' being much larger in some
conditions than in others . Graphs for individual observers
are shown in Figure 3. Each graph shows the length
difference threshold as a function of cue delay for the stay
and switch conditions . Consider the data of Observer 7,
who was the best at following the eye-fixation instructions.
His data follow the predictions most closely. There was
an effect of cue delay for the switch condition, and there
was little or no effect of cue delay for the stay condition .
Furthermore, the stay and switch condit ions have about
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Mean length difference thresholds are shown in
Figure 2 as a function of cue delay . The curve parameter
denotes the stay versus switch condition. For the stay con
dition, cue delay had little effect except at -500 msec .
For the switch condition, cue delay had a general effect
across the range of delays . Thus , for cue delays of
-200 msec and greater, the predictions of the transfer
hypothesis were met: There was an effect of cue delay
for the switch condition, but little effect of cue delay for
the stay condition .

Two aspects of the data require more detailed analysis :
the effect of cue delay for the -500-msec condition , and
the highly variable standard errors.

One possible reason for the improved performance in
the -5QO-msec cue delay condition is that observers were
moving their eyes despite instructions to maintain fixa
tion . To check this, two 32-trial sessions of the experi
ment were repeated with a judge watching each observer
for eye movements (as previously reported in Palmer,
1988). In one session, observers were told to make in
tentional eye movements to the cued stimulus. These
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the same threshold at a cue delay of -500 msec. The other
observers' data deviate from the predicted results in two
ways . In the stay condition, Observers 1 and 3 show im
provements with the -SOO-mseccue delay that were prob
ably due to their eye movements . For the other cue de
lays, their data follow the predictions . Observer 11 shows
an advantage of the stay condition relative to the switch
condition, which persists even with -SOO-msec precues.
This observer may have failed to use the auditory cue on
some fraction of the trials or may have needed more time
to interpret the sequence of attention cues. Together, the
4 observers show the closest agreement in the stay condi
tion with the positive cue delays . This is why the stan
dard errors in those conditions were so small in Figure 2.
In the other conditions, the differences between observers
lead to large standard errors of the mean threshold.

DISCUSSION

The experimentdemonstrated that twocomponentscan be distinguished
in a visualmemoryexperiment. This was particularly clear in Observer 7,
who was measured to be the best at following fixation instructions in
this paradigm. For this observer, cue delay had an effect for the switch
condition but little or no effect for the stay condition. Furthermore, the
differencebetweenstay and switchwaseliminated when the cue preceded
stimulus offset by 500 msec. Thus, this observer matched completely
the predictions of the transfer hypothesis.

The specificpredictionsof the transfer hypothesiswere not completely
met for the other observers. Two observersshowedcue delayeffects with
-500-msec precues in both the stay and the switch conditions. This was
almost certainly due to eye movements. For later cue delays, these 0b
servers showed the expected pattern of a cue-delayeffect for the switch
condition and no such effect for the stay condition. Another observer
showed an overall advantageof the stay condition relative to the switch
condition. This effect was probably due to occasionalfailures to use the
auditory cue. Otherwise, this observer also showed the expected pattern
of cue-delayeffects in the switchconditionand no such effect in the stay
condition. More precisecontrols on observer strategieswill be necessary
to produce more uniform results. However, if one restricts attention to
conditions in which observers had no chance to make eye movements,
the predictions of the transferhypothesis were met for all of the observers.

Further analysis of Observer 7 is possible by examining his results in
a simplepartial samplingexperimentreported previously(Palmer, 1988),
in whichthere was no effort to separatethe components of visualmemory.
All threecue-delayeffects follow the pattern expected from the transfer
hypothesis: little or no cue-delayeffect for the stay condition; the largest
cue-delay effect for the switch condition; and an intermediatecue-delay
effect for the no-instructionconditionfoundin Palmer (1988). Such a no
instructionconditionis probably measuringa mixtureof the two compo
nents measuredindependently in the other conditions. Any detailedanal
ysis of cue-delayeffects needsto take into accountthe existence of these
two components.

Implications for Very-Sbort-Tenn Visual Memory
The stay versus switch instructionmanipulation changedthe cue-delay

effectdespite the use of identicalstudy and test stimuli. This implies that
the cue-delayeffect must be mediatedby an attention-driven process and
not by a stimulus-driven process. Being able to eliminate cue-delay ef
fectsby instruction rulesout any possibility thattheeffectis due to stimulus
driven processes such as masking, changes in temporal uncertainty, or
capacity demands of processing the cue. In summary, the mediation of

the cue-delay effect by an attention variable eliminates any purely sen
sory hypotheses.

A second implication is relevant to interpreting the results within the
context of the transfer hypothesis and its multiple memory stores. Ac
cording to this hypothesis,the switchconditiondepends on only informa
tiontransferred afterthecueis presented. Thiscondition satisfies theoriginal
goal of partial report experiments in measuring the amount of informa
tion availablein the high-capacity store at the time of the cue. The differ
ence between this condition and a no-instructioncondition also suggests
that previous measuresdid not distinguishthese two components.Conse
quently, the current paradigm provides the best isolationyet of the high
capacity store.

Alternatives to the Transfer Hypothesis
Although the present results accord with the transfer hypothesis, they

also accord with other hypotheses. In particular, the results also accord
with the more general attentional hypothesis that stimuli are processed
in two ways, which might be called astended and nonaitendedprocess
ing. Attended processing results in higher performance than does unat
tended processing, but this advantage declines with delay if attended
processing is not initiated immediately. According to the transferhypothesis,
thistemporal phenomenon is dueto lossesin the high-capacity store. More
generally,other temporalprocessesmay mediatethis change in attention.
For example, competing perceptual processes at each location may cu
mulativelyinterfere with one another (Di Lollo, 1980; Schulz, 1980), or
attended processing may have limited capacity to establish associations
within a single postcategorical store (Coltheart, 1980; van der Heijden,
1984). For thesealternativehypotheses, the cue-delay effect is due to tem
poralpropertiesof capacitylimitsother than limitedtransferfrom a rapidly
decayinghigh-capacity store. The lackof cue-delayeffectsin the staycon
dition indicates that instructionto attend a single item can overcome the
capacity limitations, and the larger cue-delayeffects in the switchcondi
tion are interpreted as measuring the remaining capacity at various de
lays. The new paradigm separates the two componentsof these alterna
tive hypotheses, just as it separates the components of the transfer
hypothesis.
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