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Rapid communication

Attention and memory protection: Interactions between
retrospective attention cueing and interference
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(Received 29 December 2014; accepted 4 May 2015; first published online 11 June 2015)

Visual working memory (VWM) and attention have a number of features in common, but despite
extensive research it is still unclear how the two interact. Can focused attention improve VWM pre-
cision? Can it protect VWM from interference? Here we used a partial-report, continuous-response
orientation memory task to examine how attention and interference affect different aspects of VWM
and how they interact with one another. Both attention and interference were orthogonally manipulated
during the retention interval. Attention was manipulated by presenting informative retro-cues, whereas
interference was manipulated by introducing a secondary interfering task. Mixture-model analyses
revealed that retro-cues, compared to uninformative cues, improved all aspects of performance:
Attention increased recall precision and decreased guessing rate and swap-errors (reporting a wrong
item in memory). Similarly, performing a secondary task impaired all aspects of the VWM task. In par-
ticular, an interaction between retro-cue and secondary task interference was found primarily for swap-
errors. Together these results suggest that both the quantity and quality of VWM representations are
sensitive to attention cueing and interference modulations, and they highlight the role of attention in
protecting the feature–location associations needed to access the correct items in memory.

Keywords: Visual working memory; Attention; Mixture modelling; Retro-cue; Interference.

Visual working memory (VWM) keeps represen-
tations of visual information active for performing
the task at hand. Many researchers have pointed
out that visual attention and VWM share impor-
tant similarities: Both connect low-level perceptual
processes with higher cognitive processes, and both
are highly limited in capacity (e.g., Chun, 2011).
Furthermore, it is well established that attention
plays a critical role in both encoding and retaining

information in VWM. For example, in change-
detection tasks participants are required to report
whether two consequent displays are identical or
not. Attention cues improve change-detection per-
formance when they are provided both before
(Schmidt, Vogel, Woodman, & Luck, 2002) and,
more surprisingly, after the presentation of the
first display. Specifically, when a cue that informs
the location of the test item is displayed before
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the test, but long after the first display disappears,
performance is enhanced relative to no-cue or
neutral-cue conditions (Griffin & Nobre, 2003;
Landman, Spekreijse, & Lamme, 2003).

Several explanations have been put forward to
account for this retrospective effect of attention
within VWM, which is often termed the “retro-
cue” effect. Sligte, Scholte, and Lamme (2008)
argued that retro-cues provide access to a distinct
memory buffer called fragile working memory and
transform the representation into a more robust
state. Others have argued that attention increases
VWM durability and protects the item from inter-
ference (Makovski, 2012) or from degradation over
time caused by interitem competition within
memory (Matsukura, Luck, & Vecera, 2007;
Pertzov, Bays, Joseph, & Husain, 2013).

Regardless of the exact mechanism, the finding
that orienting spatial attention via retro-cues
improves VWM suggests that information stored
in VWM is not static but rather is in constant
flux. For instance, introducing new visual infor-
mation can sometimes impair VWM performance
(van Moorselaar, Gunseli, Theeuwes, & Olivers,
2015). Yet, perceptual interference produced by
passively viewing new information is typically
limited. In contrast, performing a secondary task
during the retention interval of a change-detection
task has a massive disruptive effect on VWM rep-
resentations that exceeds the effects of perceptual
interference (Makovski, Shim, & Jiang, 2006).
Typically, dividing executive attention resources
between two tasks taxes performance. Currently,
however, the nature of the dual-task impairment
remains unknown: Is it the lack of central cognitive
resources specifically needed for detecting a change
in a change-detection task? Does dividing executive
attention resources between tasks impair the quality
of representations in VWM, the binding of features
in VWM (Zokaei, Heider, & Husain, 2014), or
perhaps other nonvisual WM components
(Baddeley, 2000)?

The purpose of this study was to examine which
aspects of VWM are affected by secondary task
interference and attention cueing and how the
latter modulates the former. Specifically, we used
a mixture model approach that has proven fruitful

in attempts to characterize the fidelity limits of
VWM (e.g., Bays, Catalao, & Husain, 2009).
Several studies have used this approach to test
how retro-cues affect VWM but have yielded
inconsistent results. Some reported that retro-cues
increased the likelihood of items to be available
for recall but had no effect on the quality of
memory (i.e., precision, Murray, Nobre, Clark,
Cravo, & Stoke, 2013; Souza, Rerko, Lin, &
Oberauer, 2014). Conversely, other studies found
that attention also enhanced VWM precision
(van Moorselaar et al., 2015; Williams, Hong,
Kang, Carlisle, & Woodman, 2013).

Van Moorselaar et al. (2015) also reported that
attention cueing protected memory from perceptual
interference. However, the interference effect was
modest, and neither cueing nor interference had
any effect on the probability of reporting the
wrong item in memory (i.e., “swap-errors”),
which has been suggested to play an important
role in VWM performance (e.g., Pertzov, Dong,
Peich, & Husain, 2012).

The current study examined in what ways
VWM is affected by sustainable interference pro-
duced by performing a secondary task during the
retention interval and whether and how attention
cueing can protect memory from such interference.
Subjects were instructed to remember the orien-
tations of arrows on a partial-report, continuous-
response task. Using a mixture model we estimated
three factors contributing to recall performance: (a)
guessing responses, where there is no access to any
information in memory (i.e., the probability of not
having the item in memory, which is inversely
related to the quantity of items held in memory);
(b) the precision in which the items are recalled;
(c) the probability of making “swap-errors”—
namely, reporting the orientation of a wrong
memory item. Importantly, we tested how each of
these components is affected by attention (retro-
cue vs. neutral cues), interference (present vs.
absent), and their interaction.

Several questions were of interest: First, does
retro-cueing affect the quality of VWM? Namely,
does retro-cueing improve performance only by
reducing guessing probability (i.e., enhancing the
probability to access the correct memory item,

1736 THE QUARTERLY JOURNAL OF EXPERIMENTAL PSYCHOLOGY, 2015, 68 (9)

MAKOVSKI AND PERTZOV



Murray et al., 2013) or does it affect precision as
well (Williams et al., 2013)? Similarly, does per-
forming an interfering task delete items from
memory in an all-or-none fashion (i.e., only
increases the guessing probability without affecting
fidelity), as was suggested to occur in passive decay
(Zhang & Luck, 2009)? Finally, while there are
reasons to believe that retro-cueing will interact
with secondary task interference (van Moorselaar
et al., 2015), it is not clear which aspect of VWM
performance is particularly enhanced under inter-
ference. This issue is particularly important given
the unique protective role several researchers have
attributed to retro-cueing (e.g., Landman et al.,
2003; Makovski, 2012; Pertzov et al., 2013), a
claim others have challenged (Souza et al., 2014).

EXPERIMENTAL STUDY

Method

Participants
A total of 42 subjects (15 males, age: M= 25.7
years, SD= 3.8) recruited from the College of
Management participated in the experiment for
payment. All reported having normal or cor-
rected-to-normal visual acuity.

Equipment
Participants were tested individually in a dimly lit
room. They sat unrestrained about 75 cm away
from a 21.5′′ LCD monitor (resolution 1280×
1024, 75 Hz). The experiments were programmed
using Cogent (http://www.vislab.ucl.ac.uk/Cogent)
implemented in MATLAB (MathWorks, www.
mathworks.com).

Stimuli and procedure
Memory task. Figure 1 depicts a trial sequence. Each
trial started with a white fixation cross (0.8°) pre-
sented against a grey background for 500 ms.
Subsequently three white randomly oriented
arrows (1.1° length) were presented on an invisible
circle (3.5° radius) around fixation at equal distance
from each other (120°). The memory display was
presented for 500 ms followed by a blank retention

interval for 1000 ms. On retro-cue trials a small
black circle (0.8° in diameter) appeared at the
location of a randomly selected item (the target)
for 100 ms, and subjects were told that the cue
was 100% valid and that this item would be the
one they would be required to recall. On neutral-
cue trials, three uninformative black circles appeared
at the positions of the arrows. After another reten-
tion interval of 2900 ms, a test probe (randomly
oriented, 1.1° white arrow) appeared at the target
location, and participants used a response dial
(Powermate, http://griffintechnology.com/) to
adjust its orientation to match the target item.
Only accuracy was emphasized for the memory
task, and the correct orientation of the arrow was
superimposed in red for 600 ms on top of the
probe after the subject responded.

Interference task. To examine the effect of interfer-
ence on VWM representations, on half of the
trials a speeded, odd–even task (Makovski, 2012)
was administrated during the second retention
interval. Specifically, a digit (0–9) was presented
900 ms after the offset of the cue, and participants
were asked to respond as quickly and as accurately
as possible to whether it was odd (press “M”) or
even (press “N”). Participants had a 1500-ms inter-
val to respond, and visual feedback was given
immediately after the memory task feedback for
800 ms. To test whether new visual information
played a critical role in VWM interference, two
forms of the odd–even task were tested. In the
visual-input condition, the digit was displayed visu-
ally (0.9° height, white) at fixation, whereas in the
auditory-input, no new visual information was pre-
sented, and subjects heard the Hebrew name of the
digit through speakers.

Design
To reduce possible confusion, the Interference-
present and interference-absent trials were tested in
separate blocks. Each participant performed two
blocks of interference-present and two blocks of
interference-absent trials in an ABAB order; the
type of the initial block was counterbalanced
across participants. Each block consisted of 80
trials, randomly and evenly divided into the two
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cue conditions. The cue (retro-cue, neutral cue) and
interference (present, absent) factors were tested
within subjects (80 trials per condition), whereas
interference input modality (visual, auditory) was
tested between subjects. For practice, all partici-
pants completed one block of the interference-
absent condition followed by one block of the inter-
ference-present condition. To increase motivation,
after each block a feedback score was given, and a
small monetary bonus (up to 20 NIS, roughly
$5.00) was given at the end of the experiment
based on performance.

Results

Data from two subjects were excluded from the
analysis due to performance below 2 standard devi-
ations of the group’s mean in the “baseline”, inter-
ference-absent, neutral-cue condition. Trials with
RT faster than 150 ms and slower than 10 s in

the memory task were removed from the analyses
(0.5% of the trials).

Interference task
Accuracy in the odd–even interference task was
high, with no significant difference between the
auditory-input group (M= 90.6%, SE= 2.2) and
the visual-input group (M= 93.9%, SE= 4.4),
F(1, 38)= 1.76, p= 19.

Memory task
Figure 2 shows the mean raw error rates (angular
deviation from target) in the memory task as a func-
tion of interference, cue, and input modality. A
repeated measures analysis of variance (ANOVA)
with interference (present, absent) and cue
(neutral, valid) as within-subject factors and input
modality (visual, auditory) as a between-subjects
factor revealed that memory was significantly
impaired by the odd–even interference task,

Figure 1. Schematic illustration of trial sequences: Left, a retro-cue, interference-present (visual-input) trial. Right, a neutral-cue, interference-

absent trial.
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F(1, 38)= 38.67, p, .001, h2
p = .50. Performance

was also better in retro-cue trials than in neutral-
cue trials, F(1, 38)= 75.63, p, .001, h2

p = .67.
Importantly, the interaction between cue and inter-
ference was significant, F(1, 38)= 4.82, p= .03,
h2
p = .11, suggesting that attention may play a

role in protecting VWM from interference. That
is, although the cueing effect was significant in
both interference conditions (ps, .001), it was sig-
nificantly larger on interference-present trials
(M= 9.47, SE= 1.31) than on interference-
absent trials (M= 6.68, SE= 0.87), t(39)= 2.21,
p= .03. However, cueing did not completely elim-
inate the interference effect, since even on retro-cue
trials memory was better in the interference-absent
condition than in the interference-present con-
dition, F(1, 38)= 23.19, p, .001, h2

p = .37.
Finally, error rates were not differentially affected
by interference input modality, in that there was
no difference between the auditory and visual
groups, and none of the input modality effects
approached significance (all ps. .31).

Mixture model
Following Bays et al. (2009), we used maximum
likelihood estimation to determine the combi-
nation of three parameters: memory precision
(which we express in its inverse—the angular stan-
dard deviation, SD, of the circular normal distri-
bution component of the fitted response
distribution), p(Swap), and p(Guess). Fitting was
performed for each subject separately, and group
means of the components are shown in Figure 3.
Each model component was subjected to a repeated
measures ANOVA with interference and cue as

within-subject factors and input modality as a
between-subjects factor.

SD. Precision of recall, as captured by the width of
the distribution of responses around the target orien-
tation, was enhanced by the secondary task interfer-
ence, F(1, 38)= 4.95, p= .03, h2

p = .12, but
decreased dramatically with the use of a retro-cue,
F(1, 38)= 60.48, p, .001, h2

p = .61. The inter-
action between cue and interference did not reach
significance, F(1, 38)= 1.98, p= .17, h2

p = .05.
Interestingly, there was a borderline effect of input
modality, since the distribution of errors was
smaller (reflecting better recall precision) when the
digit was heard rather than seen, F(1, 38)= 3.33,
p= .076, h2

p = .08.

p(Guess). The probability of guessing was signifi-
cantly enhanced by the secondary task,
F(1, 38)= 7.33, p= .01, h2

p = .16. There were
fewer guesses on retro-cue trials than on neutral-
cue trials, F(1, 38)= 7.64, p= .009, h2

p = .17,
and the interaction between cue and interference
was not significant, F, 1. There was no main
effect of modality (F, 1), and modality did not
interact with either cue or interference. However,
the three-way interaction was significant,
F(1, 38)= 4.62, p= .04, h2

p = .11. This was
reflected by the finding that for the visual-input
group, the impact of the retro-cue was slightly
greater in the interference-present condition than
in the interference-absent condition [the inter-
action between cue and interference was borderline,
F(1, 19)= 3.95, p= .06, h2

p = .18], whereas in the
auditory-input group the reverse trend was

Figure 2. Mean raw error rates as a function of interference (present, absent), input modality (auditory, visual), and cue (retro-cue, neutral

cue). Error bars show +1 standard error of the mean.
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observed, although it was not significant,
F(1, 19)= 1.18, p= .29, h2

p = .06.

p(Swap). The integrity of item–location associ-
ations, as captured by the probability of reporting

the wrong item in memory (swap-error), was sig-
nificantly higher on interference-present trials,
F(1, 38)= 60.07, p, .001, ηp

2= .61. In addition,
retro-cues considerably reduced the probability of
making swap-errors relative to neutral-cues,

Figure 3. Subjects’ responses on the memory task were modelled, and three sources of error were estimated: (a) Precision of recall as reflected in the

standard deviation of a circular Gaussian distribution around the target. Note that precision is inversely related to the standard deviation plotted

here in radians—higher SD means lower precision. (b) p(Guess): a uniform distribution, capturing random responses unrelated to any of the

sample orientations. (c) p(Swap): Gaussian distributions centred on each nonprobed arrow orientation, representing trials in which the

orientation of a wrong arrow in memory was reported. (d) Finally, probability of recall, measured as 1 − [p(Guess)+ p(Swap)], is depicted

for clarity purposes alone and was not analysed further. All model components are plotted as a function of interference (present, absent), input

modality (auditory, visual), and cue (retro-cue, neutral cue). Error bars show +1 standard error of the mean across subjects.
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F(1, 38)= 50.59, p, .001, h2
p = .57. Crucially,

unlike the two other error components, the inter-
action between cue and interference was significant,
F(1, 38)= 9.6, p= .004, h2

p = .20. The retro-cue
effect that was significant in both interference
conditions, ps, .01, was more pronounced in the
interference-present condition than in the interfer-
ence-absent condition (7.63% vs. 2.76%, respect-
ively). Nevertheless, as was found in the raw errors,
retro-cues did not completely abolish interference,
and even on retro-cue trials memory was better
when interference was absent, F(1, 38)= 9.84,
p, .01, h2

p = .21.The interaction between interfer-
ence and cue was not likely to be caused by a ceiling
effect since the probability of making swap-errors
was greater than zero even in the retro-cue con-
dition, t(39)= 4.41, p, .001. No effect of input
modality reached significance (ps. .17).

GENERAL DISCUSSION

The main findings of this study can be summarized
as follows. Performing a secondary task signifi-
cantly impaired all the facets of the VWM task.
It decreased the precision of responses and
increased both the probability of guessing and the
probability of reporting the orientation of the
wrong item in memory. In contrast, orienting
spatial attention via retro-cues improved all
components of VWM performance: It increased
recall precision and reduced overall guessing rates
and swap-errors. However, retro-cues were not
sufficient to completely overcome the robust dis-
ruptive effects produced by the secondary tasks.
More importantly, the impact of the retro-cue
in accessing the correct item in memory was
especially pronounced when a secondary task was
presented.

This interaction between retro-cue and secondary
task interference indicates that some aspects of
attention orienting are particularly useful under
interference. The mixture model analysis revealed
that this interaction was present solely for swap-
errors but not for precision of recall or probability
of guessing. This finding clearly suggests that orient-
ing spatial attention via retro-cues plays a specific

role in protecting the feature–location correspon-
dence from interference (Rerko, Souza, &
Oberauer, 2014; Zokaei et al., 2014). This corre-
spondence has often been dismissed in the literature
in that it is typically not an explicit requirement of
the task. However, recent evidence suggests that
location information is in fact encoded even when
task irrelevant (Golomb, Kupitz, & Thiemann,
2014) and that feature–location correspondence
plays an important role in constraining VWM per-
formance (e.g., Pertzov et al., 2012). The present
data are fully consistent with this notion and
further extend it. That is, the finding that cueing
attention during the retention interval decreased
the interference impact on swap-errors suggests
that feature–location correspondence is fragile and
prone to competition, not only during encoding
(Emrich & Ferber, 2012; Pertzov & Husain,
2014) but also during maintenance.

The interaction between cueing and interference
in swap-errors seems to run counter to the results
reported in van Moorselaar et al. (2015), who did
not find any effect of swap-errors. However, one
notable difference between these studies is our use
of robust secondary-task interference; unlike the per-
ceptual interference in vanMoorselaar et al. (this was
also evident in that the retro-cues successfully elimi-
nated all perceptual interference, but not all second-
ary task interference). Nonetheless, there are several
differences between the two types of interference,
other than their magnitude, that might account for
the disparity in the findings. For example, it is poss-
ible that different types of stimuli affect VWM dif-
ferently (this possibility is somewhat supported by
our data that show some minor effects of input
modality despite the overwhelming overall secondary
task interference). Thus, future research should care-
fully investigate whether and how different aspects
of the interfering display (e.g., response demands,
verbal requirements) affect the components of
VWM performance.

It is unsurprising that performing a secondary task
during the retention interval of a VWM task impairs
performance, but little is known about how different
aspects of performance are affected. Our results
clearly show that performing a secondary task not
only increased overall error rates considerably, but
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also impaired all aspects of VWM performance: It
increased guessing rate and swap-errors and also
weakened recall precision. The latter finding is par-
ticularly significant because it contrasts with the pre-
sumed effect of passive decay. That is, it has been
suggested that the passage of time does not impair
VWM precision; rather, items are removed from
VWM in an all-or-none fashion (Zhang & Luck,
2009). However, the results here show that interfer-
ence impairs not only the guessing rate (the inverse of
the probability of items to be held in memory) but
also the quality of the memory representations them-
selves. These findings further support the notion that
attention resources are inherently related to the
quality of VWM representations (Chun, 2011),
and taking attention resources away impairs not
only central executive resources (Baddeley, 2000)
but also visual representations per se.

Finally, the current findings also show that
retro-cues enhance all aspects of VWM perform-
ance; relative to neutral-cues, retro-cues improved
precision and diminished guessing and swap-
errors. While these results are consistent with
several studies that have reported attention cueing
effects on recall precision (van Moorselaar et al.,
2015; Williams et al., 2013), they are inconsistent
with others that have failed to find such an effect
(Murray et al., 2013; Souza et al., 2014).
Admittedly, the exact reasons why the effects of
attention cueing on precision are found in some
but not all studies is unclear and requires further
research. Nevertheless, the current study clearly
demonstrates that VWM precision is flexible and
under some conditions can be modulated by both
retro-cues and secondary task interference.

Overall, our results reveal the robust effects of
attention cueing and secondary task interference
on all components of VWM performance.
Importantly, these results substantiate the notion
that the quality of memory representations is
dynamic and changes continuously: It improves
when spatial attention is retrospectively oriented
toward it and diminishes when executive atten-
tional resources are removed. Finally, our findings
underscore the important role of attention cueing
in protecting feature–location correspondence
from interference.
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