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comparison with the D+ trial type (analyzed earlier), in
which distractors were present. The purpose of the D—
trials was to allow us to assess whether the presence of dis-
tractors generally lowers working memory performance
for targets. To address this question, data from D+ and
D— match trials and D+ and D— nonmatch trials were
analyzed. Memory capacity (K)! (Cowan, 2001) was
computed for each participant in each experiment and an-
alyzed in a repeated measures ANOVA on set size (2 or 4)
and distractor state (present or absent). Analyses relevant
to this question are reported here. In Experiments 1, 3, 4,
and 6, the presence of distractors did not affect memory
capacity (all F's < 1), and the distractor-state factor did
not interact with set size (all ps > .12).

In contrast, the presence of distracting faces lowered
memory capacity in Experiment 2 from 1.38 faces to 1.01
faces [F(1,17) = 11.15, p = .004]. The interaction of dis-
tractor state X set size approached significance (p = .08).
One interpretation of this finding is that distractors are
more likely to occupy memory capacity when they are a
salient stimulus, such as a face (Jenkins, Lavie, & Driver,
2003).

Analysis of Match Trials

The primary dependent measure in this article was
accuracy on nonmatch trials. Were there any interesting
effects in the match trials? In separate ANOVAs, we ana-
lyzed the effects of set size (2 or 4) and the presence or
absence of distractors on match trial accuracy (hit rate; see
Figure 7), collapsing across other factors. In every experi-
ment, higher set sizes led to lower accuracy (all ps < .01).
In Experiment 2, overall accuracy was lower when dis-
tractors were present [F(1,17) = 4.48, p = .05]; however,
t tests showed that accuracy differences were modest and
not present when comparisons were made at each set size
(all ps > .08). However, in all other experiments, there
was no main effect of distractor presence (all ps > .09).
Post hoc ¢ tests showed that distractor presence was associ-
ated with higher accuracy in Experiment 4 at set-size 4,
but with lower accuracy in Experiment 6 at set-size 2. The
paradoxical effect in Experiment 4 may be partially at-
tributed to the fact that we collapsed across sequential and
simultaneous trial types. There was no evidence of signifi-
cant interactions between set size and distractor presence
(all ps > .10). In sum, the mere presence of distractors
did not diminish hit rates in most experiments. However,
when distractors were salient objects, such as faces, there
was a performance cost.

GENERAL DISCUSSION

The primary question behind the studies reported in
this article is, How much control do we have over what
is placed in visual memory? To answer this question, par-
ticipants were asked to remember sequentially presented
targets and to ignore distractors. Given that distractors are
attended, is their entry in visual memory obligatory? In
Experiments 1 and 2, we found that distractor informa-
tion that was clearly marked was encoded and maintained
by visual memory, regardless of stimulus type. Advance

preparation in the form of a precue did nothing to ame-
liorate distractor intrusions into visual memory (Experi-
ment 3). Such a finding is in line with research on the
redundant prefix and suffix effects in which irrelevant
distractor information presented before or after a list of
target items causes a drop in memory performance, even
though one can prepare for the onset of the distracting
information (Crowder & Morton, 1969; Dallett, 1964).
The representation of distractors in memory was precise
enough that participants mistakenly recognized them as
target items, leading to the high false alarm rate on the lure
trials. The representations were so good, in fact, that on a
surprise LTM test, distractors were recognized at above-
chance levels, even though the similarity between stimuli
was high and each item had been seen only once before
(Experiment 6). The results of Experiment 6 suggest that
distractors were not merely perceived and encoded for a
few seconds, but that the memory traces were long-lived.
Because the LTM of targets surpassed that of distrac-
tors, one effect of top-down control processes (intending
to remember) may be to boost the longevity of a signal
strength.

A second major question that we asked was whether
the ability to restrict attention to targets limits the ability
of distractors to access visual memory. The results of two
experiments provided mixed results. When participants
were allowed to freely move their eyes over spatially ar-
rayed targets and distractors, control over the contents of
visual memory was nearly perfect, and distractors were not
transferred to visual memory (Experiment 4). This finding
shows that unattended distractors are effectively excluded
from memory. One decisive difference between the se-
quential and simultaneous conditions of Experiment 4 was
that targets were presumably fixated and distractors were
not in the simultaneous condition; this was not the case
in the sequential condition. This would potentially cause
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Figure 7. Accuracy on match trials by distractor present/absent
for each set size (2 and 4), collapsing across other factors. Error
bars represent standard errors. Statistically significant differ-
ences (p < .05) between distractor-present (D+) and distractor-
absent (D—) trials are indicated by an asterisk.
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an uneven level of perceptual encoding and, hence, mne-
monic representation, with unfixated objects having weak,
low-resolution representations that were too poor to cause
a sense of familiarity. Because spatial attention and eye
movements are tightly linked, it was impossible for us to
determine whether eye fixations played an important role
in the findings of Experiment 4. To assess this possibil-
ity, in Experiment 5, participants again performed a visual
memory task with simultaneously presented targets and
distractors, but they did so under conditions in which eye
movements were severely minimized. Under these condi-
tions, distractors entered visual memory.

This finding was unexpected, although there is some
precedence for it in the literature. Hollingworth and Hen-
derson (2002) showed that changes to scenic displays after
a brief delay period critically depended on whether the
target object had been fixated. A rapid fixation, however,
was not sufficient; they also found a positive correlation
between fixation time on the target during encoding and
subsequent change detection performance. Similarly, LTM
for objects in scenes or arrays is very poor if there are few
fixations on or near the object during study to the degree
that the number of fixations provides a good metric for
what will later be remembered (Nelson & Loftus, 1980;
Williams, Henderson, & Zacks, 2005). Unlike in these
studies, object fixations were minimal in Experiment 5.
The timing allowed no objects to be fixated if fixation
was centrally maintained; if it was not, then it allowed one
object. Because of this, participants may have adopted a
distributed attentional strategy—even though they were
precued—so that they could effectively process all items
in the four-item display. Thus, focused spatial attention
could not be used to effectively filter distractors. These
findings suggest that top-down control (attention set) or
diffuse spatial attention is insufficient to gate working
memory. What is required is focused spatial attention.

The Distinction Between Short-Delay
and Long-Delay Forms of Memory

Throughout this article, we have referred to our tasks as
visual memory tasks, even though the delay interval used
is typical of working or short-term memory (STM) tasks.
Our vague use of terms was purposeful; we feel that the
evidence for the distinction between STM and LTM is far
from definitive. Although dual-process models of memory
have dominated the memory literature for many years, a
small faction of researchers continues to favor unitary
models of memory. Unitary models assume that similar
mental processes limit and promote both STM and LTM.
STM is conceived as a storehouse for cues that can be used
to reconstruct the recent past, rather than as a limited ca-
pacity of veridical representations. Unitary models assume
that activation levels, rehearsal processes, and decay rates
have little importance for memory success. Instead, these
models favor an explanation based on item-based interfer-
ence. One example unitary model is Nairne’s (2002) feature
model. In this model, it is proposed that short-term repre-
sentations consist of a variety of activated cues that the
participant can use to reconstruct what he or she just heard
or viewed. Memory success is determined by how well

retrieval cues uniquely specify the target items perceived
at encoding. Poor memory performance occurs when the
retrieval cues poorly specify the target items—for instance,
when there is a high level of similarity between target ma-
terial and distracting material. In this case, retrieval cues—
such as a sense of familiarity—have low predictive validity
for distinguishing targets from distractors (Nairne, 2002).
A related conceptualization of STM is that it is simply a
state of activated LTM (Cowan, 2001).

An examination of the visual memory and cognitive
neuroscience literature suggests that there are few obvious
differences between VWM and visual LTM, apart from
timescale. The representational format of information
held in VWM and LTM is similar (Hollingworth, 2004),
and the commonly reported capacity differences between
VWM and LTM may be due to differences in testing format
that lead to precision/capacity trade-off (Ezzyat & Olson,
2008). The strongest evidence for two distinct memory
stores is neuropsychological. These findings have recently
been called into question in studies by ourselves and oth-
ers (Jonides et al., 2008; Ranganath & D’Esposito, 2005)
showing that the hippocampus—a region thought to be
exclusively critical for LTM—is also critical for VWM
(Ezzyat & Olson, 2008; Olson, Moore, Stark, & Chat-
terjee, 2000; Olson, Page, Moore, Chatterjee, & Verfael-
lie, 2006). The other half of the evidence upholding the
dual-process model—a brain region critical for STM but
not for LTM—is also questionable; we have found that
bilateral parietal lobe damage impairs certain forms of
VWM and LTM (Berryhill & Olson, 2008a, 2008b; Ber-
ryhill, Picasso, Phuong, Cabeza, & Olson, 2007). In sum,
visual memory findings tend to support the unitary view,
although, admittedly, this has not been an active area of
investigation in the visual memory literature.

In regard to the findings reported in this article, it is
possible to view them through the lens of either the uni-
tary view or the dual-process view. It should be noted that
most proponents of the dual-process view agree that LTM
plays an important role in STM. In other words, STM is
not process pure. For instance, Baddeley proposed that an
episodic buffer links the two systems (Baddeley, 2000). In
this vein, Oberauer (2001) suggested that irrelevant infor-
mation can be quickly removed from the capacity-limited
part of verbal working memory, but that it lingers on in
activated LTM. The residual activation in LTM generates
intrusions by increasing familiarity signals, but it does not
contribute to overall working memory load, which, by its
very nature, is limited (Oberauer, 2001). Because our find-
ings show that target memory was similar whether or not
distractors were present (reported in the additional analysis
section) and that distractors left LTM traces, our findings
fit with the view espoused by Oberauer that distractors ei-
ther never entered VWM and instead directly entered ac-
tivated LTM, or were efficiently purged from VWM and
were shunted into activated LTM.

Memory Load and Distractor Processing

We failed to demonstrate an effect of memory load on
the intrusion of distractors into memory. This may appear to
contradict findings showing that distractors are processed
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more readily when memory load is high (de Fockert et al.,
2001). Whether this is due to differences in stimuli or task
is not clear, since Lavie’s studies tend to use verbal stimuli
and dual tasks (see Lavie & de Fockert, 2005).

Conclusions

In conclusion, in six experiments, we showed that dis-
tractor information that was clearly marked was neverthe-
less encoded and maintained in visual memory. Distrac-
tor intrusion was dependent on the fixation of distractors.
These findings suggest that, in many cases, one has only
limited control over whether or how strongly items are
encoded into visual memory.
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NOTE

1. K = set size « (hit rate — false alarm rate)/(1 — false alarm rate).
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