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Task-irrelevant distractors in the delay period interfere selectively
with visual short-term memory for spatial locations

Francesco Marini1,2 & Jerry Scott1 & Adam R. Aron1
& Edward F. Ester1,3

# The Psychonomic Society, Inc. 2017

Abstract Visual short-term memory (VSTM) enables the
representation of information in a readily accessible state.
VSTM is typically conceptualized as a form of Bactive^ stor-
age that is resistant to interference or disruption, yet several
recent studies have shown that under some circumstances
task-irrelevant distractors may indeed disrupt performance.
Here, we investigated how task-irrelevant visual distractors
affected VSTMby asking whether distractors induce a general
loss of remembered information or selectively interfere with
memory representations. In a VSTM task, participants
recalled the spatial location of a target visual stimulus after a
delay in which distractors were presented on 75% of trials.
Notably, the distractor’s eccentricity always matched the ec-
centricity of the target, while in the critical conditions the
distractor’s angular position was shifted either clockwise or
counterclockwise relative to the target. We then computed
estimates of recall error for both eccentricity and polar angle.
A general interference model would predict an effect of

distractors on both polar angle and eccentricity errors, while
a selective interference model would predict effects of
distractors on angle but not on eccentricity errors. Results
showed that for stimulus angle there was an increase in the
magnitude and variability of recall errors. However,
distractors had no effect on estimates of stimulus eccentricity.
Our results suggest that distractors selectively interfere with
VSTM for spatial locations.

Keywords Visual workingmemory . Spatial memory .

Short-termmemory . Distractor interference

The maintenance of visual information in memory for short
periods of time is a ubiquitous demand in everyday life. For
example, when we are about to cross a road and look left-
wards, we use visual short-term memory (VSTM) to encode
information about the location of an oncoming vehicle, and
then we maintain this information when we look right. Yet in
everyday life we may experience failures of VSTM when
task-irrelevant and/or distracting stimuli intervene while
maintaining visual information. For example, while holding
in mind the location of an oncoming vehicle, we may inad-
vertently notice the location of a vehicle of the same color
parked alongside, and this could affect our existing memory
about the location of the first vehicle. How does the disruption
occur and which aspects of VSTM are affected?

Several studies have shown that task-irrelevant distractors
can disrupt VSTM performance (Berry, Zanto, Rutman,
Clapp, & Gazzaley, 2009; Bettencourt & Xu, 2016; Clapp &
Gazzaley, 2012; Clapp, Rubens, & Gazzaley., 2009; Clapp,
Rubens, Sabharwal, & Gazzaley, 2011; Feredoes, Heinen,
Weiskopf, Ruff, & Driver, 2011). However, the mechanisms
responsible for this reduction remain a matter of active debate.
On the one hand, reductions in memory performance could be
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due to general interference, where a task-irrelevant distractor
overwrites or otherwise corrupts the representation of a mem-
ory stimulus, resulting in a general decrease in memory per-
formance (Clapp & Gazzaley, 2012; Clapp et al., 2009; Clapp
et al., 2011; Zhang & Luck, 2009). On the other hand, reduc-
tions in memory performance could reflect interactions be-
tween attributes of the target and distractor that alter memory
representations of the former and lead to reduced memory
performance (Magnussen, 2000; Magnussen & Greenlee,
1992, 1999; Magnussen, Greenlee, Asplund, & Dyrnes,
1991). In addition to distractor-induced disruptions, VSTM
may also be subject to additional sources of general disrup-
tion, including temporal decay and interitem interference
(Blake, Cepeda, & Hiris, 1997; Paivio & Bleasdale, 1974;
Ploner, Gaymard, Rivaud, Agid, & Pierrot‐Deseilligny,
1998;White, Sparks, & Stanford, 1994). However, it has here-
tofore been unclear whether task-irrelevant distractors cause a
similar kind of global interference or whether distractors pri-
marily influence judgments along the feature dimension(s)
they share with a remembered stimulus. In a relevant study,
Van der Stigchel, Merten, Meeter, and Theeuwes (2007)
attempted to discriminate between these alternatives by pre-
senting task-irrelevant distractors while participants remem-
bered the location of a memory probe. Memory performance
was biased toward the location of the distractor, but only when
distractors were presented in close proximity of the memo-
rized location. This was interpreted as evidence that interfer-
ence occurred only when the neural representations of target
and distractor overlapped in a common spatial map, thus fa-
voring a spatially-specific account of interference over a more
general account in which interference would solely depend on
the simple presence versus absence of distractors. Here, we
extend these findings by examining whether distractors selec-
tively interfere with one of two variables needed to define a
point in any two-dimensional coordinate system: polar angle
and eccentricity. For example, the visual system computes
both polar angle and eccentricity to generate saccade vectors
and/or guide covert shifts of attention (e.g., Colby &
Goldberg, 1999; Goldberg & Bruce, 1990). In the current
study, we designed an experimental procedure that allowed
us to interfere with the recall of polar angle but not with that
of eccentricity and used it to distinguish between general ver-
sus selective interference.

We implemented a spatial recall task where participants
memorized the location of a target dot and recalled it after a
delay that on 75% of trials included a display of task-irrelevant
distractors (see Fig. 1). A previous study (Van der Stigchel
et al., 2007) showed that the distance from the target to the
recalled position did not differ depending on the presence or
absence of distractors, and this argument was used to rule out
the global interference account. However, a more sensitive
assay of selective (versus global) interference would consist
of showing that distractors could selectively interfere with

only one (versus both, if global) descriptors of the remem-
bered location—polar angle or eccentricity. Therefore, we sys-
tematically changed one dimension (polar angle of the
distractor dots relative to the target dot) while fixing the other
one (eccentricity) and asked participants to recall the location
of the target. On each trial, we measured participants’ report
errors in terms of polar angle and eccentricity. Notably, the
experimental design included one condition with no
distractors and two different distractor conditions: a centered
distractor condition, in which distractors were shown at the
same polar angle as the target, and a shifted distractor condi-
tion, in which the distractors were presented at a different
polar angle relative to the target. On the one hand, a general
interference hypothesis predicts an overall disruption in mem-
ory performance that should have a deleterious effect on judg-
ments of both eccentricity and polar angle, irrespectively of
the specific distractor condition (i.e., centered or shifted). On
the other hand, a selective interference hypothesis predicts that
visual information presented during the delay period would
merge into an existing memory representation to modulate
subsequent recall. Therefore, because distractors were pre-
sented always at the same eccentricity and at a different polar
angle relative to the target, the selective interference account
predicts that distractors would influence polar angle judg-
ments but not eccentricity judgments specifically in the shifted
distractor condition (relative to the centered and no distractor
conditions). Additionally, we conducted curve fitting analyses
in order to investigate whether any observed memory interfer-
ence effect was due to an attraction effect similar to the one
previously reported (Van der Stigchel et al., 2007) or to chang-
es in the precision of the memory representation (or both).

Experiment 1

Method

Participants

Eighteen UC San Diego undergraduate volunteers participat-
ed for course credit (mean age ± SD: 20.1 ± 1.4, eight males,
17 right-handed). All participants had normal or corrected-to-
normal vision, no history of neurological impairments, and
gave both written and oral informed consent as required by
the local Institutional Review Board.

Stimuli

The experiment was run on an iMac (21.5-inch monitor, 1920
× 1080 pixels, 60 Hz, gamma corrected) using custom-built
code in MATLAB R2015a (MathWorks, Inc.) and
Psychtoolbox 3.0.12 (Kleiner et al., 2007). Participants were
seated 63 cm from themonitor (eyes to screen) and used a chin
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rest. Each trial involved the sequential presentation of several
visual displays on a dark-gray background (see Fig. 1a): a
fixation display for 1,000–1,400 ms (jittered intertrial interval,
fixation dot width: 0.1° of visual angle), a cue display for
500 ms (leftward or rightward arrows), a stimulus display
for 200 ms (one light-gray dot in each hemifield, dot width
in degrees of visual angle: 0.18°, dot eccentricity: 3°–4°,
jittered across trials but fixed within trial), a fixation display
for 2,000 ms (intermixed with a distractor display displayed
800 ms after stimulus offset for a duration of 400 ms on 75%
of trials), and a fixation/response display (presented until a
response occurred). Targets were presented along the periph-
ery of an imaginary circle centered at fixation with a radius
between 3 and 4 degrees of visual angle (randomly chosen on
each trial from a uniform distribution and always matching the
eccentricity of the center of the distractor cluster presented on
the same trial). The nontarget stimulus, which was displayed
in the contralateral hemifield relative to the target during the
stimulus display phase, had the same eccentricity as the target
and a randomly selected polar angle. When present, the
distractor display included two clusters of nine dots each (light
gray, one cluster per hemifield, dot width in degrees of visual
angle: 0.18°, cluster width: 1.2°). Unbeknownst to partici-
pants, distractor clusters were located at the same eccentricity
and either the same (25% of trials, centered distractor

condition) or at a different polar angle of the target dot (50%
of trials, shifted distractor condition; angular offset 12°–18°
randomly chosen on each trial from a uniform distribution,
always counterclockwise). The remaining 25% of trials had
no distractor display (no distractor condition). The response
display contained a cross-shaped cursor (width: 0.7° of visual
angle) that participants controlled using a mouse.

Procedure

Participants received both written and oral instructions.
Participants had to fixate the screen center and to direct their
attention covertly to the visual hemifield cued by the arrow.
They were instructed to remember the spatial location of the
dot presented in the relevant hemifield (hereafter referred to as
the target) and recall this location at the end of the trial.
Participants were instructed that distractors could appear but
were task-irrelevant and should be ignored. The experiment
included 16 practice trials followed by 384 trials divided in 12
blocks (the entire experiment had a duration of about 1 hour).
On each trial, we computed eccentricity and polar angle error
estimates by computing the absolute value of eccentricity and
angular differences, respectively, between the target location
and the participants’ response (see Fig. 1b). Trials where an-
gular estimates were larger than twice the polar angle

Fig. 1 Experimental design. a Each experiment included 25% no
distractor trials and 75% distractor trials. Stimuli are enlarged for
illustrative purposes. Numbers represent the duration of each screen
display in ms. Cross represents the response cursor. b Enlarged area at
the bottom right shows relative locations of target, distractor, and
participant’s response on a single trial. This illustrates how the two

dependent measures (angle error, eccentricity error) used in this study
were computed. The magnitude of the polar angle theta (in degrees)
corresponds to the angle error, and the length of the light blue line (in
degrees of visual angle) corresponds to the eccentricity error. (Color
figure online)
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separating target and distractors and trials where eccentricity
estimates were greater or less than half of the target eccentric-
ity were deemed as outliers and eliminated (approximately
4.6% of total trials).

Polar angle and eccentricity recall errors were compared
across conditions using repeated-measures analyses of variance
(ANOVAs). Each ANOVA included distraction type as a three-
level factor: no distractor, centered distractor, and shifted
distractor. Where appropriate, p values were corrected for
nonsphericity using the Greenhouse–Geisser procedure. Post
hoc comparisons, when appropriate, were conducted using
paired t tests corrected for multiple comparisons with the
Holm-Bonferronimethod (Holm, 1979). Effect sizes are report-
ed as partial eta squared (ηp

2) values for factorial analyses
(ANOVAs) and Cohen’s dz (Cohen, 1988) for paired t tests.

In order to quantify changes in recall estimates and overall
precision, in a separate analysis individual distributions of
signed polar angle recall errors were fitted with a von Mises
distribution (circular Gaussian), which describes the data in
terms of central tendency (mu) and variability (k) and thus
adds a variability parameter with respect to the standard
ANOVA on individual means. Goodness of fit was evaluated
by calculating the R2 index. Across-subject averages of the
von Mises parameters were analyzed using an ANOVA, with
distraction type as a three-level factor (no distractor, centered
distractor, shifted-counterclockwise distractor). Data were an-
alyzed using MATLAB R2015a (MathWorks, Inc.), SPSS
Statistics (IBM Corp.) and G-Power 3.1 (Faul, Erdfelder,
Lang, & Buchner, 2007).

Results

The analysis of polar angle recall errors identified a main
effect of distraction type, F(2, 16) = 4.540, p = .032, ηp

2 =
0.211, such that errors were larger on shifted distractor trials
relative to no distractor trials (mean polar angle error ±1 SE:
5.25° ± 0.28° and 4.79° ± 0.24°, respectively) t(17) = 4.196, p
= .001, corrected α = .017, dz = 0.989 (see Fig. 2a). The
difference between Centered and Shifted Distractor trials
was not significant after correction for multiple comparisons,
t(17) = 2.119, p = .049, corrected α = .025, dz = 0.499. No
significant difference was observed between centered and no
distractor trials, t(17) = 0.022, p = .983, corrected α = .05.

The analysis of eccentricity errors also identified a main
effect of distraction type, F(2, 16) = 4.156, p = .024, ηp

2 =
0.196, with a significant reduction in eccentricity errors for
centered versus no distractor trials (mean eccentricity error ±1
SE: 0.376 ± 0.023 and 0.411 ± 0.026, respectively, in degrees of
visual angle) t(17) = 2.721, p = .015, corrected α = .017, dz =
0.641 (see Fig. 2b). No statistically-significant difference was
observed on shifted distractor trials relative to centered and no
distractor trials, respectively, t(17) = 2.013, p = .06, correctedα
= .025, and t(17) = 1.127, p = .27, corrected α = .05.

Increases in polar angle errors could be caused by systematic
recall errors (either toward or away from the distractor), an over-
all increase in report variability, or a mixture of both. Therefore,
we quantified magnitude and variability of angular errors by
fitting each participant’s data with a von Mises distribution (the

Fig. 2 Results of Experiment 1. a Individual (circles) and group mean
(square symbol) of the absolute polar angle recall error across the three
experimental conditions. Error bars are ±1 standard error of the mean
(SEM). b Individual (circles) and group mean (square symbol; error bars
are ±1 SEM) of eccentricity error for the angular position of the target
across the three experimental conditions. cMean values of the parameter
estimates of the von Mises distributions (mu: left, k: right). Positive
values of the central tendency parameter mu correspond to
counterclockwise errors in the position of the response relative to the
target; negative values represent clockwise errors. Note that in the
shifted distractor condition distractors were always shifted
counterclockwise relative to the target (CCW). Error bars are ±1 SEM.
(Color figure online)
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circular analog of a standard Gaussian) with mean mu and con-
centration (the reciprocal of dispersion) k. This model provided a
good description of subjects’ performance; the average (±1
SEM) R2 values for fits to error distributions in the no distractor,
centered distractor, and shifted distractor conditions were 0.89
(±0.02), 0.90 (±0.02), and 0.93 (±0.01), respectively. Average
estimates ofmu and kwere entered into separate ANOVAs with
distraction type (no distractor, centered distractor, shifted-
counterclockwise distractor) as the sole within-subject factor.
No significant effect of distraction type was found on the mu
parameter, F(2, 16) = 1.005, p = .355, or on the k parameter, F(2,
16) = 2.237, p = .144.

Discussion

Experiment 1 showed that VSTM for spatial location is influ-
enced by irrelevant delay-period distractors, as indicated by
both increased polar angle recall errors (non-matched
between stimulus and distractors) and reduced eccentricity re-
call errors (matched between stimulus and distractors). Recall
errors on Shifted Distractor trials were significantly larger rel-
ative to No Distractor trials yet not significantly when com-
pared to Centered Distractor trials. Possibly, our sample did
not achieve the necessary statistical power to identify a smaller
effect relative to that found for the Shifted vs. No Distractor
comparison (i.e., dz = 0.50 and dz = 0.90, respectively).
However, why the magnitude of the angular error effect was
smaller when Shifted Distractor trials were compared to
Centered versus No Distractor trials remains an open question.
Some methodological aspects of this Experiment may limit the
generality of the results: (i) in the Centered Distractor condi-
tion, distractor clusters always appeared at target’s location with
no spatial jitter, therefore it cannot be excluded that some par-
ticipants may have used it to cue recall; (ii) in the Shifted
Distractor condition, distractor clusters were always rotated in
the counter-clockwise direction, rather than counterbalanced
(50% of trials clockwise and 50% counter-clockwise), and this
might have caused participants to implement response strate-
gies (e.g. always click in a clockwise position with respect to
the distractor). Therefore, Experiment 2 was conducted in order
to replicate the findings of Experiment 1 while making appro-
priate adjustments to address these issues.

Experiment 2

Method

Participants

Eighteen volunteers participated in the study for course credit
or payment (mean age ± SD: 23.1 ± 1.4, eight males, all self-
reportedly right-handed). All participants had normal or

corrected-to-normal vision, no history of neurological impair-
ments, and all gave both written and oral informed consent as
required by the local Institutional Review Board.

Stimuli

The experiment was run on a Mac mini (20.1-inches Dell
2007FPmonitor, 1024 × 768 pixels, 60 Hz, gamma corrected)
using custom-built code in MATLAB R2015a (MathWorks,
Inc.) and Psychtoolbox 3.0.12 (Kleiner et al., 2007).
Participants were seated 57 cm from the monitor (eyes to
screen) and used a chin rest. Each trial involved the presenta-
tion of several visual displays with the same characteristics
and timing of Experiment 1 (see Fig. 1a) except for minor
changes as to the size of visual stimuli (memory stimuli dot
width: 0.3°, dot eccentricity: 3.5°–4.5°; distractor stimuli dot
width: 0.25°, cluster width: 1.2°; all measures in degrees of
visual angle). Two other aspects differed from Experiment 1:
(i) in all distractor conditions (including centered distractor),
the distractor cluster was spatially jittered of ± 3° of polar
angle, and (ii) in the shifted distractor condition, the direction
of rotation of the distractor clusters was counterbalanced (50%
of trials clockwise and 50% counterclockwise).

Procedure

The experiment and analysis procedure were identical to those
described for Experiment 1. Because in the shifted distractor
condition of Experiment 2 distractors were shifted either
clockwise or counterclockwise (angular offset 12°–18° ran-
domly chosen on each trial from a uniform distribution), the
von Mises fitting was conducted separately for each direction.
Accordingly, the ANOVA on von Mises parameters factored
distraction type as a four-level factor (no distractor, centered
distractor, shifted distractor clockwise, and shifted distractor
counterclockwise).

Results

For the analysis of recall errors, two one-way repeated-mea-
sures analyses of variance (ANOVAs) were implemented, as
described for Experiment 1. These ANOVAs used as depen-
dent measures the absolute recall errors in polar angle and in
eccentricity, respectively. Each ANOVA included distraction
type as a three-level factor (no distractor, centered distractor,
shifted distractor).

The angle error ANOVA identified a main effect of distrac-
tion type, F(2, 16) = 11.181, p = .001, ηp

2 = 0.397, such that
polar angle recall errors were significantly larger on shifted
distractor relative to no distractor trials, t(17) = 5.824, p <
.001, corrected α = .017, dz = 1.373, but not relative to cen-
tered distractor trials, t(17) = 2.328, p = .032, corrected α =
.025, dz = 0.549. No significant difference was observed
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between centered and no distractor trials, t(17) = 1.979, p =
.064, corrected α = .05 (mean polar angle error ±1 SE: shifted
distractor 5.05° ± 0.26°, centered distractor 4.43° ± 0.24, and
no distractor 4.06° ± 0.16°; see Fig. 3a). The analysis of ec-
centricity recall errors revealed no effect of distraction type,
F(2, 16) = .218, p = .806 (see Fig. 3b). This may be because,
unlike Experiment 1, here distractor clusters were spatially
jittered and therefore they could not be used to cue recall.

As before, we examined recall errors or changes in the var-
iability of polar angle estimates across conditions by fitting
each participant’s data with a von Mises distribution. The av-
erage R2 values and their standard errors were as follows: no
distractor 0.90 ± 0.01, centered distractor 0.91 ± 0.01, shifted-
clockwise distractor, 0.91 ± 0.01, and shifted-counterclockwise
distractor 0.90 ± 0.02. Average estimates ofmuwere compared
across conditions using ANOVAs, which did not reveal any
significant effect, F(3, 51) = 1.072, p = .324. The ANOVA
on the k parameter showed a main effect of distraction type,
F(3, 51) = 4.909, p = .015, ηp

2 = 0.224. Parameter estimates
were significantly smaller—thus indicating increased variabil-
ity of the distribution—in the shifted distractor conditions (both
counterclockwise and clockwise) compared to the no distractor
condition, t(17) = 5.239, p < .001, corrected α = .008, dz =
1.235, and t(17) = 3.473, p < .005, corrected α = .01, dz =
0.819, for counterclockwise and clockwise distractors, respec-
tively. The remaining four post-hoc comparisons did not yield
statistically significant results (all ps > .07).

Discussion

The results of Experiment 2 were generally consistent with the
results of Experiment 1. In both experiments, we observed
larger polar angle errors on shifted distractor relative to no
distractor trials (although the effect was much smaller, and
statistically nonsignificant, when shifted distractors trials were
compared to centered distractor trials). Experiment 2 clarified
that this effect likely reflects an increase in response variability
during shifted distractor relative to no distractor trials.
Conversely, centered distractors were associated with smaller
eccentricity errors in Experiment 1 but had no effect in
Experiment 2. Thus, the preponderance of evidence suggests
that distractors disrupted memory for polar angle while having
minimal effect on memory for eccentricity. This pattern is
consistent with a selective interference account where
distractors interfere with memory representations along a
task-relevant dimension.

General discussion

Many previous VSTM studies reported that delay-period
distractors have deleterious effects on memory performance
(Berry et al., 2009; Clapp & Gazzaley, 2012; Clapp et al.,

2009; Clapp et al., 2011; Feredoes et al., 2011), but the sources
of these effects are unclear. On the one hand, decreased mem-
ory performance could reflect a general disruption in memory

Fig. 3 Results of Experiment 2. a Individual (circles) and group mean
(square symbol) of recall error for the angular position of the memorized
stimulus across the three experimental conditions. Error bars are ±1
standard error of the mean (SEM). b Individual (circles) and group
mean (square symbol; error bars are ±1 SEM) of eccentricity error for
the angular position of the memorized stimulus across the three
experimental conditions. c Mean values of the parameter estimates of
the von Mises distributions (mu: left, k: right). Positive values of the
central tendency parameter mu correspond to counterclockwise errors in
the position of the response relative to the target; negative values
represent clockwise errors. Note that in the shifted distractor condition
distractors were shifted either clockwise (CW) or counterclockwise
(CCW). Error bars are ±1 SEM. (Color figure online)
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representations. On the other hand, deleterious effect on mem-
ory caused by distractors may be more selective and limited to
a single critical dimension (in the case of our study, polar
angle). Distinguishing between these accounts was the objec-
tive of this study.

Here, we developed an experimental design that allowed us
to separate eccentricity and polar angle errors in spatial recall
in order to tease apart selective from general interference ef-
fects. The general interference account predicts that distractors
should increase recall error for both polar angle and eccentric-
ity, while the selective interference account predicts that
distractors should increase recall error for polar angle but not
eccentricity. Our results are consistent with the latter alterna-
tive. In Experiment 1, distractor-related modulations were
twofold, consisting of both larger recall errors for polar angle,
on which the memory target and the distractor did not match,
and reduced recall errors for eccentricity, on which the target
and the distractor always matched. In Experiment 2, we rep-
licated the effect of distractors on polar angle recall errors but
found no effect of distractors on estimates of eccentricity.
Moreover, model fitting in Experiment 2 revealed that the
larger polar angle errors in shifted distractor conditions were
associated with a significant increase in the variability of the
recalled location. Together these studies show that irrelevant
information presented during delay interferes with VSTM for
spatial location through a selective interference mechanism
(i.e., recall error interfered with judgments of polar angle
and either improved or had no effect on judgments of
eccentricity).

It is known that the magnitude of interference effects driven
by delay-period distractors is particularly large when
distractors differ from the memory-relevant stimulus feature
along a task-relevant dimension (e.g., spatial frequency or
orientation; Magnussen et al., 1991; Magnussen & Greenlee,
1992). These results have been interpreted as evidence that
VSTM representations are stored is feature-specific channels
in midlevel visual cortex and interference effects manifest
when channels overlap (Magnussen, 2000; Magnussen &
Greenlee, 1999). Motivated by this work, the current study
manipulated the polar angle separating a distractor from a
to-be-remembered target while presenting both targets and
distractors at the same eccentricity. Interference effects mani-
fested specifically on polar angle but not on eccentricity. This
outcome is inconsistent with a general interference account of
VSTM interference and rather provides support for the selec-
tive interference account. However, the interference effects
observed here—despite being associated with large statistical
effect-size values—appear to be of small absolute magnitudes,
and therefore the extent to which spatial distractors are capa-
ble to shift existing VSTM representations for spatial location
is probably limited.

It is worth observing that the reduction of eccentricity error
observed in Experiment 1 is compatible with the possibility

that participants used distractor information on centered
distractor trials as a cue to guide recall. However, if eccentric-
ity was used systematically as a recall cue, then eccentricity
errors should have been larger also on no distractor trials rel-
ative to shifted distractor trials, which was not the case.
Moreover, the similar result was absent from Experiment 2,
where no differences in eccentricity errors were observed de-
pending on distractor condition. If distractors were used as
recall cues, larger eccentricity recall errors should have man-
ifested on no distractor trials relative to both centered and
shifted distractor trials, but this was not observed. Therefore,
it appears unlikely that participants systematically used eccen-
tricity information from the distractors as cues to guide their
spatial recall estimates. Another possibility is that participants
learned the eccentricity of the stimuli, which was maintained
within one degree throughout the experiment. Ideally, in a
potential follow-up experiment, eccentricity could be varied
within a broader range, in order to prevent possible partici-
pants’ learning.

The current findings are reminiscent of an earlier study
(Van der Stigchel et al., 2007), which investigated the effects
of irrelevant visual onsets on VSTM for spatial location, and
extend it in several important ways. Our results accord with
the general findings reported by Van der Stigchel’s et al.
(2007) that spatial memory representations are modulated by
irrelevant visual stimuli presented during the delay period
while revealing several new insights. First, because the simi-
larity of features between target and distractor elements ap-
pears to be crucial for VSTM interference effects (Magnussen
& Greenlee, 1992; Magnussen et al., 1991) we used equally
sized dots both as memory targets (constituted by a single dot
presented in isolation) and as distractors (constituted by clus-
ters of dots), while Van der Stigchel’s study used crosses and
circles, respectively. Moreover, our approach controls stimu-
lus eccentricity within each trial while fractionating recall into
two different performance measures (angle and eccentricity).
This allowed us not only to match the eccentricity of memory
stimuli and distractors at the single-trial level, which was not
done in the previous study, but also to show that distractor
interference shapes memory for polar angle and not for eccen-
tricity, thus providing more direct support for the selective
interference account. In addition, we conducted curve-fitting
analyses that allowed us to identify that the parameter com-
promised by the presence of distractors is the variability of the
memory representation. This is reminiscent of earlier work
that showed how disruptions of working memory representa-
tion occurring at long delay intervals typically manifest as
increases in the variability of the recall errors, possibly due
to build-up of internal noise in the memory system (Blake
et al., 1997; Paivio & Bleasdale, 1974; Ploner et al., 1998;
White et al., 1994). In contrast, Van der Stigchel and col-
leagues (2007) found that location reports were shifted in the
direction of the irrelevant visual onset stimulus, thus
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suggesting spatial attraction of the memory representation to-
ward the location of the distractor. Although we did not find
significant evidence of spatial attraction, the scope of our
study was different because we focused on the characteriza-
tion of the interference mechanism in terms of global or
selective.

Apart from reports of detriments in memory accuracy when
interfering stimuli were presented during maintenance, only a
few studies so far have provided direct support for selective
interference in VSTM by irrelevant sensory information pre-
sented during maintenance (Dubé, Zhou, Kahana, & Sekuler,
2014; Huang & Sekuler, 2010; Magnussen & Greenlee, 1999;
Rademaker, Bloem, DeWeerd, & Sack, 2015). These memory
interference effects have been documented more often for fea-
tures such as orientation or spatial frequency and only once for
spatial location (Van der Stigchel et al., 2007), which is
thought to rely on different neural mechanism relative to
VSTM for object features (Courtney, Ungerleider, Keil, &
Haxby, 1996; Smith et al., 1995). The latter is a natural choice,
as locations can be characterized via a combination of many
variables including eccentricity and polar angle. We reasoned
that global interference would have caused a disruption in
both eccentricity and polar angle estimates, while selective
interference would have caused a disruption of polar angle
only (given that our design manipulated the angular distance
between target and distractors while keeping the same eccen-
tricity). Because we found that the angular precision of the
recall deteriorated (Experiment 1 and 2) while the eccentricity
precision improved (Experiment 1) or was unaffected
(Experiment 2), we conclude that the information content of
distracting stimuli penetrates VSTM by producing a selective
interference consisting of dimension-specific modulations of
the relevant memory representation. Thus, the present study
contributes to advance the understanding of the mechanisms
of delay-period interference in VSTM for spatial location.
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