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Visual working or short-term memory (VSTM) is used
to retain visual information for up to a few seconds after
a visual display is no longer in sight (Logie, 1995). It
maintains a sense of continuity in a constantly changing
visual environment, by holding visual information in
memory between discrete saccades of the eye (Irwin,
1992). VSTM is highly limited in capacity: only approx-
imately four simple objects such as colored circles (Luck
& Vogel, 1997; Raffone & Wolters, 2001), letters (Pash-
ler, 1988), and six spatial locations (Irwin, 1992; Jiang,
Olson, & Chun, 2000) can be retained. Items in VSTM
are represented allocentrically, as a visual configuration
encoded with reference to one another (Bor, Duncan, &
Owen, 2001; Jiang et al., 2000; Santa, 1977).

The small capacity of VSTM, four items or six loca-
tions, varies little with differences in features such as col-
ors, orientations, or sizes (Vogel, Woodman, & Luck,
2001). Whether or not the items are familiar has little ef-
fect (e.g., for faces; Buttle & Raymond, 2003) or none at
all (e.g., for letters; Pashler, 1988). Because of the im-
portance of VSTM for everyday vision, researchers have
sought to discover mechanisms that increase its capacity.
Luck and Vogel (1997) showed that an efficient approach
to increase the limited capacity of VSTM is by chunking
isolated features into integrated objects, with each object
characterized by a conjunction of several features. This

allows four conjunction visual objects to be held with
similar ease and fidelity as four simple features (Luck &
Vogel, 1997, but see Olson & Jiang, 2002; Wheeler &
Treisman, 2002). In addition to object-based chunking,
multiple items can be remembered as a single, complex
pattern rather than as several isolated items (Jiang et al.,
2000; Sanocki, 2003). This study investigates how VSTM
may be enhanced by a third factor: learning.

Short-Term Memory and Learning
Many cognitive activities improve their eff iciency

with experience: Driving becomes automatic, piano-
playing effortless, and reading much faster. Yet the mem-
ory capacity of approximately 3–4 for distinct objects is
observed for infants as young as 12 months (Rose, Feld-
man, & Jankowski, 2001) and is also seen in adults (Luck
& Vogel, 1997). The stability over many years of devel-
opment indicates that VSTM capacity is relatively in-
sensitive to general practice. However, specific practice,
in the form of repeatedly encoding and storing in VSTM
the same exact display many times, may create a visual
long-term memory (VLTM) for the repeated display. In
this study, we test how building a VLTM for a display
may influence performance in VSTM on that display.

Unlike VSTM, VLTM has high capacity. After seeing
thousands of pictures of natural scenes only once, humans
can sort them out from new pictures with high accuracy
(Nickerson, 1968; Standing, Conezio, & Haber, 1970).
In addition, visual details extracted from complex scenes
can be retained in visual memory for minutes or even
hours (Hollingworth, 2004; Hollingworth & Henderson,
2002), allowing future performance to rely on VLTM
only. Finally, extremely complex visual information,
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mation held by VLTM is inferior to that of information held by VSTM and thus provides no additional
benefit over what is extracted on the fly by VSTM.
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such as the layout of a display, can be retained in an im-
plicit long-term memory (LTM; Chun & Jiang, 1998,
2003). Such VLTM enhances perception: When the
same display has to be processed for a second time, per-
formance becomes more efficient, although participants
are not aware of having seen the display before. Because
such facilitation often occurs as a form of automatic
priming, it is unclear whether VLTM can also facilitate
VSTM, which requires deliberate encoding and retrieval.

In the verbal domain, short-term memory (STM) and
long-term memory are often conceptualized as separate
but interacting entities. Digit span can be increased by
simply repeating the same list of digits—presumably
forming an LTM trace—every few trials (Hebb, 1961).
Other studies of verbal memory have shown that lengthy
training can improve digit span from about 7 to about 80
digits (Chase & Ericsson, 1981).

What mechanism allows VLTM to benefit VSTM?
Although VLTM may not change the number of memory
“slots” in VSTM, it can modulate VSTM performance
by allowing more information to be chunked together,
effectively increasing the “functional capacity” of VSTM.
Such enhancement has been demonstrated for verbal
STM, where chunking on the basis of long-term knowl-
edge can effectively increase the total number of digits
retained in verbal STM (Baddeley & Logie, 1999; Erics-
son & Kintsch, 1995). For visual stimuli, chunking
would most readily occur when items conform with Gestalt
grouping cues (Jiang, Chun, & Olson, 2004). In the ab-
sence of such cues, chunking may not occur, making it
difficult for VLTM to enhance VSTM.

A second form of long-term enhancement is that VLTM
may provide additional information about what can be ex-
tracted and retained in VSTM. Additional, nonvisual in-
formation includes information about the gist of the scene
and conceptual knowledge about individual objects ap-
pearing in the scene. Furthermore, VLTM may provide
more visual details, in which case VSTM performance
may be enhanced by having information from two stores.
We term this the nonredundant-representation hypothesis.

The alternative to this hypothesis is that LTM may not
modulate VSTM performance, because visual information
that is retained in LTM is completely redundant with—or
inferior to—the information that can be extracted on the
fly. We term this the redundant-representation hypothesis.
For instance, one may have a representation of a constel-
lation such as the Big Dipper (i.e., Ursa Major) in LTM,
but this information can also be directly extracted after
briefly viewing the Big Dipper. If one saccades away and
then back to the same constellation, accuracy at report-
ing whether the Big Dipper has changed will be just as
accurate as reporting whether a novel constellation has
changed, even though one lacks a long-term representa-
tion of the other constellation. In other words, having
knowledge of the Big Dipper’s appearance does not im-
prove VSTM.

In this article, we ask a straightforward question: Is
VSTM performance enhanced by VLTM? To test this,

we use a change-detection paradigm for locations (Ex-
periments 1A and 1B) and novel shapes (Experiment 2).
VLTM traces were created by repeatedly presenting the
same displays. Evidence for the existence of VLTM was
gathered at the end of the experiment by a recognition task.

EXPERIMENTS 1A AND 1B

Experiments 1A and 1B tested whether repetition of
spatial locations can improve VSTM for those stimuli. Par-
ticipants were required to remember the locations of sev-
eral green squares (see Figure 1). Accuracy was assessed
over 24 blocks of old and new displays. This number of
repetitions can lead to LTM traces of the repeated spatial
configurations (Chun & Jiang, 1998). If the LTM trace
enhances on-line change detection, this finding would
support the nonredundant-representation hypothesis.

Method
Participants. Six participants were tested in Experiment 1A and

12 in Experiment 1B.
Materials. The stimuli were green squares (0.76º) presented on

a uniformly gray background that subtended 15.6º � 15.6º of visual
angle. Locations were chosen from an invisible 10 � 10 matrix with
100 possible locations. The stimuli were designed so that squares
could not touch one another.

Task. Each trial of the VSTM task started with a memory display
lasting 500 msec, followed by a retention interval of 500 msec, and
then a probe display lasting until response. The memory display
contained green squares presented at randomly selected locations. The
probe display contained either the same number of filled locations
(Experiment 1A) or one filled location (Experiment 1B). In both
cases, the critical filled location on the probe display—the one that
changed (e.g., different trials) or did not change (e.g., same trials)—
was cued by a red outline box to assist decision making. The par-
ticipants did not know which item would be probed at trial onset, so
they had to encode all items on the memory display. The partici-
pants pressed one of two keys to report whether the cued location
matched a location on the memory location. Upon their doing so,
the screen was cleared and they were cued to initiate the next trial.
The participants were not informed of the repetition across blocks.
Only accuracy was emphasized.

Design. The participants were tested in 24 blocks (12 trials each)
of VSTM trials followed by 1 block of recognition trials. In both ex-
periments, three factors were varied: condition (old or new), set size
(6, 9, or 12 green squares), and target change (same or different).
We first describe common aspects of the experiments.

The condition variable was manipulated on the memory display.
Each trial within a block was a different configuration of green
squares on the memory display. Six of the configurations belonged
to the repeated or old condition, and each of the old configurations
was presented once per block for 24 blocks. Thus, there were two
instances of each set size in the old condition. The other six trials
belonged to the new condition: each memory configuration was
randomly generated afresh in each block. As in the old condition,
there were two instances of each set size in the new condition. The
old memory configurations were not predictive of whether there
would be a change on the probe display or where the change would
be. The old displays simply repeated their configuration on the
memory display many times over the course of the experiment. New
and old trials were randomly intermixed within a block.

The probe display in Experiment 1A was either identical to the
memory display on 50% of the trials or differed in one location on
50% of the trials. Experiment 1B assessed memory using a probe
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display with only one filled location that was either the same as a
previously filled location or different from a previously filled loca-
tion. Two types of probe displays were tested, because previously
we found that VSTM was more accurate for full-probe displays
than for single-probe displays (Jiang et al., 2000). However, we
were concerned that trials containing a changed location within a
known configuration would constitute a new but similar configura-
tion that could interfere with a veridical representation of the mem-
ory display. Single probes were tested to reduce such interference.

Recognition test. The participants completed one block of recog-
nition test after completion of the VSTM trials. Six of the trials were
old configurations, and the other six trials were new configurations,
randomly intermixed. The memory display was presented until a
response was made. The participants pressed the “y” key to report
recognition of an old display and the “n” key if they did not recog-
nize the display.

Data analysis. A′ was calculated as a measure of sensitivity.
Chance performance corresponds to A′ of .5, and perfect perfor-
mance to 1.

Results and Discussion
The 24 blocks were binned into three epochs to in-

crease power (see Table 1, Figure 1, and the Appendix).
Three factors were analyzed in an analysis of variance
(ANOVA): set size, epoch, and condition.

Experiment 1A: Full probe. There were significant
main effects of set size [F(2,10) � 10.09, p � .004],
showing reduced accuracy as set size increased, and
epoch [F(2,10) � 4.16, p � .05], showing improvement
of accuracy over time. However, the main effect of con-

dition was not significant [F(1,5) � 1], suggesting that
performance was not influenced by repetition of the old
displays. The interaction of set size and epoch approached
significance [F(4,20) � 2.40, p � .084], due to increased
accuracy at set size 12 over time for both old and new
conditions. None of the other interactions were signifi-
cant (all ps � .10).

Experiment 1B: Single probe. Was the lack of im-
provement in Experiment 1A due to interference of the
(changed) probe on the memory display? The single-
probe condition reduced such interference. An ANOVA
on set size, epoch, and condition revealed a main effect
of set size [F(2,18) � 7.43, p � .004], but the effects of
epoch and condition were not significant [F(2,18) �
1.47, p � .25; F(1,9) � 1], nor were any of the inter-
action effects significant (all ps � .10; see Table 1, Fig-
ure 1, and the Appendix).
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Figure 1. Results from Experiments 1A and 1B: A′ as a function of condition
collapsed across set size. The old condition from Experiment 1A is represented
by the black filled squares; the old condition from Experiment 1B is repre-
sented by the black filled circles. The new condition from Experiment 1A is
represented by the black unfilled squares; the new condition from Experi-
ment 1B is represented by the unfilled circles. To the right of the graph is a de-
piction of the stimuli and procedure used in Experiments 1A and 1B. The ac-
tual stimuli were smaller with respect to the display than what is depicted in the
figure.

Table 1
A′ Observed in Experiments 1A and 1B

Set Size 6 Set Size 9 Set Size 12

Probe Condition E1 E2 E3 E1 E2 E3 E1 E2 E3

Full New .95 .94 .97 .91 .92 .88 .75 .86 .91
Old .94 .93 .91 .95 .93 .93 .79 .84 .87

Single New .85 .86 .82 .76 .69 .80 .70 .67 .71
Old .75 .81 .88 .69 .77 .76 .64 .71 .71

Note—E, epoch. Chance performance corresponds to an A′ of .5, and
perfect performance corresponds to an A′ of 1.
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To increase statistical power, data were pooled across
the full- and single-probe conditions, and probe type was
added as a between-subjects factor. There was a signifi-
cant main effect of probe type [F(1,14) � 25.33, p �
.0001], with better accuracy in the full-probe than in the
single-probe condition. There was also a significant main
effect of set size [F(2,28) � 11.60, p � .001]. However,
this analysis did not reveal a significant effect of epoch
[F(2,28) � 2.23, p � .10] or condition [F(1,14) � 1].
None of the interactions involving condition were sig-
nificant (all Fs � 1).

Recognition test. In the full-probe condition, mean
hit rate (78%) and mean false alarm rate (34%) were sig-
nificantly different [t(5) � 4.33, p � .01]. Similarly, in
the single-probe condition, mean hit rate (80%) and mean
false alarm rate (50%) were different [t(9) � 2.71, p �
.02]. Thus, participants were able to recognize which dis-
plays were repeatedly presented.

To assess whether there was any relationship between
explicit recognition and training-related performance
changes, we conducted a correlational analysis on the
data from participants in Experiment 1B because this
study had the most participants. Two scores were used
from each participant: the VSTM difference score was
old � new accuracy for the last epoch of the VSTM ses-
sion, and the recognition difference score was corrected
accuracy for the old condition (e.g., hit rate � false
alarm rate) in the recognition task. The correlation be-
tween the VSTM difference score in the last epoch of
training and the recognition difference score was not sig-
nificant (r � �0.548, p � .10). It should be noted that
although the magnitude of the correlation is high, it is in
the opposite direction that one would need to support the
hypothesized relationship between VSTM training and
recognition performance. In sum, participants with bet-
ter recognition scores did not show larger VSTM im-
provements. This suggests that long-term recognition
did not facilitate VSTM performance.

These data show that in Experiment 1A, there was a
general benefit of training, as illustrated by the main ef-
fect of epoch. No such effect was apparent in Experi-
ment 1B. However, there was no specific effect of repeated
configurations, shown by the nonsignificant interaction
of condition and epoch, although participants could rec-
ognize the old displays at above-chance levels in the
recognition task. That VLTM does not benefit VSTM
performance stands in contrast to past studies that found
effects of VLTM on visual search or counting speed
(Chun & Jiang, 1998; Lassaline & Logan, 1993).

EXPERIMENT 2

Experiment 2 tested VSTM for shapes, to assess whether
the surprising lack of improvement in Experiments 1A
and 1B was restricted to memory for spatial configura-
tions. In the old condition, there was repetition of mem-
ory displays containing the same shapes in the same spa-
tial organization, a procedure that has been shown to

create an LTM trace that is accessible to implicit mea-
sures (Chun & Jiang, 1998). In the new condition, shapes
were randomly shuffled and displayed at new locations.

Method
Participants. There were 11 participants.
Materials and Task. Many aspects of the experiment were sim-

ilar to what was used in Experiments 1A and 1B. Each display con-
tained three, five, or seven items. The set size was reduced from
that used in Experiments 1A and 1B because VSTM capacity is
lower for shapes than for locations (Jiang et al., 2000). The items
were randomly selected from a total of 10 novel shapes (see Chun
& Jiang, 1999). They were presented at randomly selected locations
on a 10 � 10 invisible matrix, as in Experiments 1A and 1B (see
Figure 1B).

Each trial started with a memory display (500 msec), followed by
a retention interval (906 msec), and a full-probe display (until re-
sponse). The interstimulus interval was longer than that used in Ex-
periments 1A and 1B because it was suggested that the null results
of Experiments 1A and 1B might be due to the fact that VSTM did
not have enough time to make contact with VLTM traces. One item
on the probe display was cued by a red outline frame. The partici-
pants’ task was to decide whether the shape inside the frame had
changed. After the change-detection trials, there was a recognition
task, similar to that used in Experiments 1A and 1B.

Design. Condition, set size, and target change were manipulated.
The participants completed 24 blocks of the change-detection task
and one block of recognition trials. Each block contained 12 trials,
6 from the old condition and 6 from the new condition. In the old
condition, the same memory displays were repeatedly presented,
once per block. In the new condition, shapes were randomly se-
lected and presented at new locations. As in the previous experi-
ments, the old display did not predict whether there would be a
change and which item might change. On the probe display, when
a change occurred (e.g., different trials), a new object that had not
been presented among the items on the memory display replaced
one of the memory objects.

Results and Discussion
Data were binned into three epochs (see Figure 2 and

Table 2). An ANOVA on set size, epoch, and condition
showed a significant main effect of set size [F(2,20) �
53.32, p � .001], with poorer performance at larger set
sizes. However, the main effects of epoch and condition
were not significant (both Fs � 1). None of the inter-
action effects were significant (all ps � .20). These data
suggest that VSTM of simultaneously presented shapes
was not assisted by long-term representations of the
shapes or the locations.

During the recognition task, mean hit rate was 62%,
and mean false alarm rate was 42% [t(10) � 3.2, p �
.01]. An analysis showed no evidence for a significant
correlation between the VSTM difference score and the
recognition performance (r � .283, p � .50).

These results suggest that participants acquired long-
term representations of old displays because they could
discriminate between old and new displays at above-
chance levels on the recognition test. However, this abil-
ity did not correlate with performance on the VSTM
task. Indeed, there was no evidence that VLTM facili-
tated change-detection performance. Chun and Jiang
(1998) found that participants could show low levels of
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explicit recognition and high levels of learning-related
benefits on an attention task, suggesting that explicit
recognition does not predict the utility or ability to ben-
efit from VLTM traces. Our findings show an inverted
similarity: high levels of explicit recognition and low
levels of learning-related benefits on a short-term mem-
ory task.

GENERAL DISCUSSION

Can one hold more familiar visual information than
unfamiliar visual information in VSTM? In this study, we
asked whether specific knowledge (e.g., long-term mem-
ory) improved performance on a VSTM task. To create
long-term memories, displays of locations or shapes were
repeated many times (24) over the course of the experi-
mental session. We proposed two competing hypotheses:
(1) The nonredundant-representation hypothesis suggested
that VLTM might provide a more detailed or durable rep-
resentation, in which case VSTM performance should be
enhanced by having information available from two
stores; and (2) the redundant-representation hypothesis
suggested that VLTM did not provide a more detailed or
better representation so that performance on a VSTM
task should not be enhanced by having information from
two stores.

The findings showed that VSTM of locations and novel
shapes was insensitive to a moderate number of repeti-
tions that created a VLTM trace. A similar amount of
practice with repeated displays is sufficient to facilitate
visual search or enumeration of repeated displays (Chun
& Jiang, 1998; Lassaline & Logan, 1993). The observed
effects were not due to a failure to establish long-term
representations. Indeed, our participants showed above-
chance recognition of the repeated stimuli, suggesting
that the repeated patterns were encoded into LTM. Al-
though participants had memory traces of the repeated
stimuli, they could not or did not use these traces to as-
sist VSTM performance. The lack of correlation be-
tween training benefits and recognition performance fur-
ther suggests that the ability to retrieve a display from
VLTM does not lead to an enhanced ability to detect
changes on that display.

One could argue that recognition was tested at the end
of the experiment and as such, reflects the full benefit of
repetition, whereas the VSTM trials did not. However,
we scrutinized the data and did not find even a hint of a
VSTM learning effect. In fact, our measure of recogni-
tion might have underestimated true recognition perfor-
mance because the new stimuli were randomly generated
and may have been quite similar to stimuli presented ear-
lier in the experiment. Repeating the same display 24
times led to a significant visual long-term trace of the
display, yet that was insufficient to enhance VSTM per-
formance. These results have been replicated by Olson,
Jiang, and Sledge (2005).

These data lend support to the redundant-representation
hypothesis proposed earlier in this article. The redundant-
representation hypothesis is made more compelling by
findings showing that the resolution of VSTM is better
than the resolution of VLTM. Psychophysical studies of
memory for low-level visual features such as spatial fre-
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Figure 2. Results from Experiment 2: A′ as a function of condition collapsed across
set size. The old condition, represented by the filled squares, is the condition with the
repeated configurations. The new condition, represented by the unfilled circles, is the
condition with the novel, unrepeated configurations. To the right of the graph is a de-
piction of the stimuli used in Experiment 2. The actual stimuli were smaller with re-
spect to the display than what is depicted in the figure.

Table 2
A′ Observed in Experiment 2

Set Size 3 Set Size 5 Set Size 7

Condition E1 E2 E3 E1 E2 E3 E1 E2 E3

New .75 .85 .78 .74 .74 .68 .65 .63 .56
Old .81 .81 .79 .67 .69 .70 .65 .63 .61

Note—E, epoch. Chance performance corresponds to an A′ of .5, and
perfect performance corresponds to an A′ of 1.
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quency, orientation, and speed suggest that basic visual
attributes are maintained in VSTM with great precision
(Magnussen, Greenlee, & Thomas, 1996). VSTM for
high-level, realistic visual stimuli—scenes—also ap-
pears to be quite precise because subtle changes to the
scene, such as a change in the orientation of a chair in a
bedroom, are detected quite accurately (Hollingworth &
Henderson, 2002).

Recent findings from scene memory studies suggest
that VLTM retains detailed representations of visual
scenes (Hollingworth & Henderson, 2002) such that
people can remember the visual details of hundreds of
individual objects (Hollingworth, 2004). It is not known
whether the high fidelity of scene memory is a special
case of visual memory. It is possible that simple stimuli
such as colors are maintained as categorical exemplars in
VLTM and lack precise details about hue and saturation,
whereas stimuli with higher informational content such
as items in a scene are maintained with great fidelity and
as unique exemplars, due to their low degree of overlap
with other stimuli. This hypothesis is reasonable because
previous studies have shown that memory decay differs
by stimulus type. For instance, it has been reported that
memory for novel shapes and spatial frequency shows no
decay over retention intervals of 8–10 sec but decay after
that, whereas memory for contrast decreases linearly
with retention interval (Magnussen et al., 1996; Sakai &
Inui, 2002). These findings suggest that the decay, and
hence the fidelity, of memory representations are stimu-
lus dependent. It is possible that long-term representa-
tions are less precise for simple stimuli, such as used
here, than are representations for complex stimuli. If the
fidelity of information held in VLTM was poor, it may
have provided little benefit to VSTM.

Although the resolution of VLTM may have limited
the ability of LTM to assist VSTM in the task used here,
VLTM may influence VSTM performance in other tasks
or when other stimuli are used. We briefly list these
cases. First, LTM of conceptual and semantic informa-
tion may assist VSTM for realistic stimuli. For instance,
semantic properties of a scene influence how quickly a
change to an item in the scene is noticed (Hollingworth
& Henderson, 2000). Semantic properties of simpler dis-
plays, such as displays containing familiar faces (e.g.,
faces of movie stars) as compared with unfamiliar faces,
may also enhance VSTM performance (Buttle & Ray-
mond, 2003). Second, LTM may help prioritize regions
of a scene, acting as a pointer for the allocation of atten-
tion. This would occur for tasks in which foreknowledge
about the location of some critical item was useful. For
instance, long-term retention of the location of a target
within a cluttered scene can prioritize regions of the
scene for fast target localization (Chun, 2000; Chun &
Jiang, 1998; Olson, Chun, & Allison, 2001). Contextual
cuing effects are critically dependent on the invariant
pairing of a target with a repeated configuration. When
the repeated search displays are not correlated with a tar-
get location, there is no change in performance (Chun &

Jiang, 1998, 1999). We now have data from a VSTM task
similar to Experiment 1A showing that if the item that
changes on the probe display is always the same item,
display repetition will lead to an LTM trace that guides
attention to the potential change, enhancing VSTM per-
formance (Olson et al., 2005)

Our findings contrast with observations that digit span
increases when the same list of digits is repeated many
times (Hebb, 1961). Other studies of verbal memory have
shown that lengthy training can improve digit span from
about 7 to about 80 digits and was thought to result from
effective chunking (Chase & Ericsson, 1981). What ac-
counts for this difference? In his seminal article on chunk-
ing, Miller (1956) noted that utilization of language may
be the single best way to chunk information. In the case of
VSTM, LTM may provide information, such as semantic
knowledge or verbal associations, for chunking. This type
of information may help chunk information in visual
memory tasks involving familiar or semantically rich
stimuli. However, overt chunking may be more difficult
when the task utilizes simple visual stimuli.

In conclusion, we suggest that repetition of visual dis-
plays results in visual long-term memory but that these
representations provide no benefit over and above what
is established by VSTM. Future studies should address
whether associative learning, as opposed to the nonasso-
ciative learning task used here, can better assist perfor-
mance on VSTM tasks.
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APPENDIX
Hits (Hs) and False Alarms (FAs) Observed in the Study

New Condition Old Condition

Experiment E1 E2 E3 E1 E2 E3

1A H .89 .90 .90 .90 .92 .90
FA .27 .23 .17 .21 .25 .20

1B H .68 .71 .72 .65 .73 .74
FA .30 .34 .30 .37 .32 .30

2 H .73 .73 .73 .76 .72 .74
FA .44 .40 .43 .44 .37 .41

Note—E, epoch.

(Manuscript received January 5, 2004;
revision accepted for publication March 24, 2004.)
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