
SHORT REPORT

Neurophysiological evidence against attentional suppression
as the source of the same-location cost in spatial cueing

Anthony M. Harris1 & Claire Bradley1 & Sera Yijing Yoo2
& Jason B. Mattingley1,2,3

Accepted: 28 November 2022 /Published online: 15 December 2022
# The Psychonomic Society, Inc. 2022

Abstract
Spatial cues that mismatch the colour of a subsequent target have been shown to slow responses to targets that share their
location. The source of this ‘same location cost’ (SLC) is currently unknown. Two potential sources are attentional signal
suppression and object-file updating. Here, we tested a direct prediction of the suppression account using data from a spatial-
cueing study in which we recorded brain activity using electroencephalography (EEG), and focusing on the event-related PD
component, which is thought to index attentional signal suppression. Correlating PD amplitude with SLC magnitude, we tested
the prediction that if attentional signal suppression is the source of the SLC, then the SLC should be positively correlated with PD
amplitude. Across 48 participants, SLC and PD magnitudes were negatively correlated, in direct contradiction to a suppression
account of the SLC. These results are compatible with an object-file updating account of the SLC in which updating is facilitated
by reactive suppression of the to-be-updated stimulus information.

Keywords Same location cost . Attentional capture . Spatial cueing . Attention . Object-file updating . Contingent capture

Introduction

Human visual attention is remarkably flexible in the ways it
can prioritise stimulus properties during task performance.
Priority can be given to particular target features (e.g., red or
green; Folk et al., 1992; Folk & Remington, 1998; Harris
et al., 2013), feature relations (e.g., redder, smaller, etc.;
Becker, 2010; Becker et al., 2010, 2013, 2014), feature sin-
gletons (e.g., Bacon & Egeth, 1994; Harris et al., 2015, 2019),
or conjunctions of relations and/or features (e.g., Becker et al.,
2017, 2020). Numerous studies have shown that when

participants search for a target with a particular stimulus prop-
erty, cues prior to the search array capture attention to their
location if they possess the target property. Such attentional
capture manifests as a ‘same location benefit’ (Carmel &
Lamy, 2014), such that responses to a subsequent target are
speeded if the target shares the location of the cue. However,
many studies have also demonstrated a ‘same location cost’
(SLC) produced by cues that do not match the target proper-
ties (e.g., Carmel & Lamy, 2014, 2015; Harris et al., 2013,
2017; Lamy et al., 2015; Schoeberl et al., 2018; Travis et al.,
2019). The mechanisms underlying the SLC are currently un-
clear, but two potential sources are object file updating
(Carmel & Lamy, 2014) and attentional suppression of non-
target cues (Gaspar & McDonald, 2014; Gaspelin & Luck,
2018b).

Object file theory proposes that when a stimulus is present-
ed, a temporary episodic representation is formed as an ‘object
file’ (Kahneman et al., 1992), in which the properties of the
object (colour, shape, position, etc.) are stored. The object-file
updating account of the SLC (Carmel & Lamy, 2014) pro-
poses that response delays for targets cued by non-target fea-
tures are due to time costs involved in updating an object-file
containing cue-related feature information with the features of
the subsequent target. This initial proposal was supported by
an experiment in which participants performed a spatial
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cueing task, either with or without placeholders highlighting
possible stimulus locations. With placeholders creating conti-
nuity between the cues and targets, and thus theoretically
favouring the creation of an object-file, a robust SLC was
observed.Without placeholders, the SLCwas smaller and less
consistently different from zero. It was suggested that, without
the placeholders, there was no consistent object to attach fea-
tures to, and so nothing to be updated upon appearance of the
target (Carmel & Lamy, 2014).

An alternative account of the SLC is that attention actively
suppresses nontarget features (Gaspar & McDonald, 2014;
Lamy et al., 2004). Recently, studies have shown that features
that regularly appear as search distractors can be proactively
suppressed (e.g., Chang & Egeth, 2019; Vatterott & Vecera,
2012), receiving less attention than irrelevant background items
(Gaspelin & Luck, 2018b). Gaspelin and colleagues have
shown that salient distractors presented during visual search
are attentionally suppressed, as assessed via eye movements
(Gaspelin et al., 2017) and via memory probes (Gaspelin
et al., 2015). These examples of proactive feature suppression
are complemented by examples in which a salient distractor
first captures attention, and then is reactively suppressed
(Geng, 2014; Luck et al., 2021). For example, Geng and
DiQuattro (2010) required participants to ignore a salient
distractor that was present on some trials and respond to a
non-salient target. They found that when participants knew
the salient item could not be the target it still attracted the first
fixation on a majority of trials, indicating salience-based atten-
tional capture. Interestingly, however, these fixations were very
brief compared with those on non-salient distractors, or on sa-
lient distractors in an experiment in which it was possible for
the salient item to be the target. Thus, it seems that although
participants’ attention was caught by the salient distractor, they
were able to rapidly suppress this item in a reactive manner to
direct their attention elsewhere. On this account, presenting
cues in nontarget colours would trigger salience-based atten-
tional capture. This would in turn produce reactive attentional
suppression at the location of the cue, whichmight carry over to
the processing of the subsequent target, giving rise to the SLC.

One way of assessing attentional suppression directly in
cueing tasks is by recording brain activity during task perfor-
mance using electroencephalography (EEG). The PD compo-
nent of the EEG signal is thought to provide an index of
attentional suppression (Gaspar & McDonald, 2014; Hickey
et al., 2009; Sawaki & Luck, 2010). The PD component is a
positivity in posterior electrodes contralateral versus ipsilater-
al to the location of a suppressed stimulus (e.g., a distractor).
PD components, for example, are produced contralateral to the
location of a singleton distractor in visual search, and their
amplitude is correlated with the extent of memory probe sup-
pression (Gaspelin & Luck, 2018a). Thus, the PD component
provides an index of attentional inhibition that can be related
to behaviour.

Here we aimed to determine the source of the SLC by
testing a prediction arising from the attentional suppression
account. We used data from a previous spatial cueing study
(Harris et al., 2017), in which participants reported the orien-
tation of a target of a particular colour that was presented
among coloured distractors. Nonpredictive cues were present-
ed in target and non-target colours. We correlated each indi-
vidual’s SLC with the magnitude of their PD component
evoked by nontarget-coloured cues. If the SLC is produced
by attentional suppression, then stronger suppression (indexed
by a larger PD component) should be positively correlated
with the magnitude of the SLC.

Methods

The current work reports a new analysis of data previously
published by our group. The full details of that study, which
focussed on the role of EEG oscillations in attentional capture,
can be found in Harris et al. (2017). For the current study, the
data from Harris et al. (2017) were combined across two near-
identical experiments. A Bayes factor analysis for a between-
subjects comparison across experiments revealed strong evi-
dence for no behavioural difference between them (BF01 =
14.7). This study was not preregistered.

Participants

Forty-eight participants (aged 18–31 years, mean = 22.22
years, 26 females) completed the study and provided
analysable data. All participants were right-handed, had nor-
mal or corrected-to-normal vision, provided written informed
consent, and were monetarily compensated for their time. The
study was approved by The University of Queensland Human
Research Ethics Committee.

Behavioural task

Participants completed a spatial cueing task (Folk et al., 1992)
(Fig. 1). On each trial, participants fixated a central grey cross
surrounded by four grey placeholder circles. A cue display
followed, in which all four placeholders doubled in thickness
and one changed colour (the cue). This colour cue was equally
likely at each location, and could be red, green, blue, yellow,
or grey (no cue), with equal likelihood. The fixation display
was then presented again, followed by the target display, in
which four ‘T’ stimuli appeared, one within each of the place-
holder circles. Each ‘T’ was a different colour (red, blue,
green, or yellow). Two of the ‘Ts’were rotated 90° to the right
and two were rotated 90° to the left. Participants made a
speeded response to the orientation of the target-coloured
‘T’. In Experiment 1 (n = 24) the target was always red,
whereas in Experiment 2, the target colour was
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counterbalanced between all four colours across participants
(n = 24). Participants were then presented with the fixation
display, during which they could make a response. Cue and
target locations were uncorrelated, each being equally likely at
all locations. Participants completed 1,040 experimental trials,
plus 80 practice trials.

EEG recording and analysis

EEG data were recorded using a BioSemi Active Two system,
digitized at a rate of 1,024 Hz. We recorded from 64 active
Ag/AgCl scalp electrodes arranged according to the 10-10
system (Chatrian et al., 1985). Pre-processing was performed
with the EEGLAB Toolbox (Delorme &Makeig, 2004). Data
were high-pass filtered at 0.3 Hz and re-referenced to the
average of all scalp electrodes. Trial epochs were extracted
between -800 ms and 2,000 ms relative to cue onset. Trials
contaminated by muscle artifacts or eye movements were
rejected by visual inspection, resulting in an average loss of
< 1% of trials per participant. The data were then further
cleaned by means of Independent Components Analysis
(ICA), using the SASICA plugin for EEGLAB (Chaumon
et al., 2015).

For event-related potential (ERP) analysis, the pre-
processed EEG data were contralateralised relative to the lo-
cation of the cue, further epoched between -100 ms and 600
ms, and baseline-corrected by subtracting the average voltage
between -100 ms and 0 ms. ERPs were calculated from sym-
metrical regions of interest, averaging data from electrodes P7,
P9, and PO7, and electrodes P8, P10, and PO8. The two ERP
components of interest were the N2pc and the PD components,
with respective time windows of 160–260 ms and 260–460
ms, consistent with past studies (Harris et al., 2019; Mertes
et al., 2016; Sawaki & Luck, 2013; Schönhammer et al., 2020;
Travis et al., 2019). The N2pc is measured over posterior

electrodes, and is characterised by a more negative deflection
of the ERP in contralateral than ipsilateral electrodes. It is
thought to index the allocation of attention (Eimer, 1996,
2014; Luck & Hillyard, 1994). The N2pc component from
our data was reported in Harris et al. (2017), and is included
here for the individual differences analyses.

Statistical analyses

All statistical analyses were performed in JASP (JASP Team,
2020). Significance level was set a priori to α = 0.05, giving
us 0.8 power to detect correlations of r = .38 and above.
Follow-up t-tests after ANOVAs were two-tailed. No correc-
tion for multiple comparisons was applied as comparisons
were determined a priori. Specific tests are presented in the
Results for brevity.

Results

Full behavioural and N2pc analyses can be found in Harris
et al. (2017), separately for the two experiments. Here we
combined the data from the two experiments to provide ade-
quate statistical power for the individual differences analyses.

Reaction-time analyses

Reaction times (RTs) were analysed for trials in which partic-
ipants responded to the target correctly (M = 97% of trials),
excluding RTs faster than 250ms and slower than 1,500ms (<
1% of data).

A three-way mixed ANOVA was conducted on partici-
pants’ RTs, with the within-subjects’ factors of Cue Colour
(Target Matching, Nontarget Matching) and Validity (Valid,
Invalid), and the between-subjects’ factor of Experiment

Fig. 1 Example stimulus sequence. Participants fixated centrally and reported whether the target-coloured ‘T’ was rotated to the right or left. Prior to
target onset, a cue was presented that matched either the target colour or one of the non-target colours (or no cue was presented)
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(Experiment 1, Experiment 2). As expected, there were no
significant effects involving the factor of Experiment (all ps
> .11). There was, however, a significant interaction between
Validity and Cue Colour, F(1,46) = 283.82, p < .001, η2 = .09
(Fig. 2). Follow-up t-tests comparing the effect of Validity for
each of the Cue types showed that, as expected, target-
coloured cues produced significant attentional capture, M =
50 ms, t(47) = 15.08, p < .001, Cohen’s d = 2.18, whereas
nontarget-coloured cues produced a significant SLC, M = -
13ms, t(47) = 7.03, p < .001, Cohen’s d = 1.01.

N2pc analyses

A three-way mixed ANOVA was applied to EEG activity
averaged within the N2pc timeframe, with within-subjects’
factors of Cue Colour (Target Matching, Nontarget
Matching) and Electrodes (Contralateral, Ipsilateral), and a
between-subjects’ factor of Experiment (Experiment 1,
Experiment 2). This revealed a significant interaction between
Cue Colour and Electrodes, F(1,46) = 36.70, p < .001, η2 <
.01 (Fig. 3). Follow-up t-tests revealed a significant N2pc for
target-coloured cues, t(47) = 5.86, p < .001, Cohen’s d = 0.85,
and a non-significant trend for an N2pc for nontarget-coloured
cues, t(47) = 1.94, p = .058, Cohen’s d = 0.28.

PD analyses

A comparable ANOVA conducted on EEG activity averaged
within the PD timeframe revealed a significant interaction be-
tween Cue Colour and Electrodes, F(1,46) = 11.70, p = .001,
η2 < .01 (Fig. 3). Follow-up analyses revealed significant PD
components for both target-coloured cues, t(47) = 8.79, p <
.001, Cohen’s d = 1.27, and nontarget-coloured cues, t(47) =
10.41, p < .001, Cohen’s d = 1.50. The interaction was driven

by a larger PD component following target-coloured cues (M =
0.92μV, SD = 0.73μV) than nontarget-coloured cues (M =
0.59μV, SD = 0.39μV), t(47) = 3.45, p = .001, Cohen’s d =
.50.

Individual differences

To test the two hypotheses about the source of the SLC, we
correlated the magnitude of the PD component evoked by
nontarget-coloured cues with the magnitude of the SLC in
behavioural responses (Fig. 4). There was a significant nega-
tive correlation, r = -.41, p = .004, indicating that larger am-
plitude PD components were associated with smaller SLC ef-
fects in RTs. For completeness, we also calculated the corre-
lation between the SLC and the magnitude of the N2pc, r =
-.08, p = .573, and between the magnitude of the target-
elicited attentional capture effect and both the N2pc, r = .01,
p = .934, and the PD, r = .08, p = .585. None of these tests
approached statistical significance.

Onset latency

An alternative perspective on the suppression account (see
Discussion) posits that an earlier PD component is expected
to correlate with more efficient termination of attentional al-
location to the cue, and thus a reduced impact of the cue on the
subsequent target response (i.e., a reduced SLC). To assess
this perspective, we computed the cue-locked N2pc and PD
onset latencies for each participant, in both the target-coloured
and nontarget-coloured cue conditions, as the latency at which
each individual’s ERP component reached 50% of its absolute
maximum amplitude (Miller et al., 1998). These onset laten-
cies were then correlated with the magnitude of the behaviour-
al effect in each condition. In the target-coloured cue

Fig. 2 Reaction times. Group level reaction times and individual data for
the spatial cueing task. In a error bars represent within-participants SEM
(Cousineau, 2005; Morey, 2008). In b density plots show the distribution
of differences between valid and invalid trials across participants. Box

plots show median and inter-quartile range. Small dots represent individ-
ual participant means. Blue data show the effect of target-coloured cues
(i.e., attentional capture). Red data show the effect of nontarget-coloured
cues (i.e., the same location cost (SLC))

Attention, Perception, & Psychophysics (2023) 85:284–292 287



condition, N2pc onset latency (M = 179 ms) and PD onset
latency (354 ms) did not correlate with the magnitude of at-
tentional capture (N2pc: r = .11, p = .461, PD: r = .16, p =
.269). In the nontarget-coloured cue condition, N2pc onset
latency (183 ms) and PD onset latency (344 ms) did not cor-
relate with the magnitude of the SLC (N2pc: r = -.01, p = .970,
PD: r = -.07, p = .659). These results did not change if PD onset
was calculated as 50% of maximum amplitude in the first half
of the PD window, rather than over the whole window.

Discussion

We sought to examine the source of the same location cost
(SLC) by testing the relationship between the magnitude of
the SLC as indexed by participants’RTs, and the amplitude of
the PD component measured using EEG. The PD is commonly
taken as an indicator of attentional suppression (Gaspar &
McDonald, 2014; Gaspelin & Luck, 2018b; Hickey et al.,

2009; Sawaki & Luck, 2010). We reasoned that if the SLC
is due to attentional suppression of non-target features, there
should be a positive correlation between the two. We
reanalysed data from a prior study (Harris et al., 2017) in
which we had observed an SLC at the group level but had
not analysed the PD component. An individual differences
analysis revealed a moderate negative correlation between
the magnitude of the SLC and the PD component produced
by nontarget-coloured cues, which is inconsistent with the
attentional suppression account of the SLC.

An alternative account of our results is that the PD might
not reflect ongoing suppression of the cued location, as we
have suggested, but rather the termination of an attentional
event at that location (Sawaki, Geng, & Luck, 2012). On this
alternative account, a larger PD would reflect less attention
being allocated to the cued item, and thus should correlate
with reduced interference from that item. In this way, the
SLC should correlate negatively with the PD component while
still being consistent with the suppression account. We believe

Fig. 3 Event-related potentials (ERPs). Cue-locked ERPs from focal electrodes contralateral and ipsilateral to the target-coloured (a) and nontarget-coloured (b)
cues, as well as their difference waves (c). Cue onset occurred at 0 ms. Boxes indicate windows for analysis of the N2pc and PD components
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this explanation is unlikely for several reasons. First, in the
nontarget-coloured cue condition we observed minimal, if
any, attentional capture, as indicated by the nonsignificant
N2pc in this condition. Although there was a trend for a very
weak N2pc (likely only observed due to our large sample
size), at best this implies a modest degree of salience-based
capture (Awh et al., 2012; Theeuwes, 1992) on a small num-
ber of trials or in a small number of participants. This small
amount of capture is logically inconsistent with a temporally
subsequent attentional termination effect, as on most trials, for
most participants, there was no capture to terminate. Second,
if attentional termination was the basis for the correlation we
observed, then PD latency should correlate with the SLC, as an
earlier termination of attention should be associated with re-
duced stimulus processing and thus a reduced SLC. No such
correlation was observed. Finally, the attentional termination
account should also apply to target-coloured cue trials, as this
cue: (a) captured attention, (b) cued a distractor on most trials,
giving reason for its attentional termination, and (c) evoked a
robust PD component. No such correlation was observed.
Thus, this alternative conception of the suppression account
is also not supported by our data.

An alternative explanation for the SLC is object-file
updating (Carmel & Lamy, 2014), with which our findings
are broadly compatible. The object-file updating account has

received support from behavioural studies, which have shown
that the magnitude of the behavioural SLC is reduced by task
conditions that should evenly distribute the need for object-
file updating across all stimulus locations (Schoeberl et al.,
2018, 2020) and by conditions in which the need for updating
is diminished by the absence of a consistently present object
(Carmel & Lamy, 2014). While the object-file updating ac-
count does not explicitly predict the presence or absence of
attentional suppression indexed by the PD, we may speculate
that a negative correlation between the SLC and PD to non-
target-coloured cues is plausible under this account. This is
because attentional suppression of cue signals, if present,
should weaken their representation, in turn making them eas-
ier to update (Harris et al., 2019).

Our use of a spatial cueing design with multiple distractor
features was necessary to examine the SLC (Carmel & Lamy,
2015), but it limited our test of suppression to examining the
role of reactive suppression (Geng, 2014) rather than proac-
tive suppression. Proactive suppression is typically applied to
a single, known, repeating distractor feature (Gaspelin &
Luck, 2018b). There is little evidence for proactive suppres-
sion of multiple distractor features, as used in the current
study. Our results suggest that reactive suppression does not
contribute to the SLC. It is possible, however, that proactive
suppression contributes to the SLC under other conditions,

Fig. 4 Correlations between event-related potentials (ERPs) and reaction time (RT) cueing effects. Y-axes show the magnitude of the cueing effect. Attentional
capture by target-coloured cues is shown by blue dots; same location cost (SLC) produced by nontarget-coloured cues is shown by red dots
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such as if a single distractor feature is used (although the SLC
is not typically observed under single-distractor conditions;
Carmel & Lamy, 2015).

A number of aspects of our results are worth mentioning.
First, a PD component was present after all cues, with target-
coloured cues leading to a larger PD relative to non-target-
coloured cues. One explanation for this finding is that since
all cues were non-predictive of target location and were effec-
tively distractors, they all underwent reactive suppression
(Sawaki & Luck, 2013). On this account, the most distracting
cues (target-coloured, eliciting a large N2pc) required greater
reactive suppression (indexed by the PD) than less distracting
cues (non-target-coloured, eliciting a marginal N2pc). This
account of PDmagnitude as reflecting the degree of distraction
raises a potential alternative explanation for our results, name-
ly, that a larger PD in the nontarget-coloured cue condition is
correlated with a smaller behavioural SLC because the SLC is
cancelled out by a larger capture effect for more distracting
cues (Carmel & Lamy, 2015). There are two reasons why we
do not think this is the case. The first is that the N2pc results
show little evidence that nontarget-coloured cues captured
attention, as described above. The second is that such an ac-
count would apply equally to the target-coloured cue condi-
tion, but no correlation was observed in that condition. The
most parsimonious explanation for a correlation between the
PD and behaviour that is specific to the nontarget-coloured cue
condition is that the PD interacts with a process that is specific
to that condition, namely, the SLC.

Second, there was no significant correlation between the
same-location cueing benefit and the amplitude of N2pc to
target-coloured cues. This is surprising because the N2pc
has traditionally been considered as a neural correlate of at-
tentional selection (Eimer, 1996, 2014). It is interesting to note
that a positive correlation between N2pc and cueing benefits is
often assumed but rarely reported in this paradigm, and the
absence of this correlation has been reported before (e.g.,
Harris et al., 2020; Matusz et al., 2019). While clearly outside
the scope of the current study, the focus of which was to test
the suppression account of the SLC, we speculate that the cue-
elicited N2pc indexes an attentional process that is not suffi-
cient to explain individual differences in the same-location
cueing benefit, such as the tagging of a location for later at-
tentional allocation (Yaron & Lamy, 2021).

Finally, it is worth noting that an alternative interpretation
of the PD is that it reflects attentional enhancement of the cued
target display element (Livingstone et al., 2017; but see
Mertes et al., 2016, Mertes & Schneider, 2018, for evidence
of cue-elicited PD components prior to target onset). On this
account, one would predict a negative correlation between PD
amplitude and the SLC for non-target-coloured cues, as ob-
served here, as enhancement of cued targets should serve to
counteract the SLC. However, this account also predicts an
even stronger negative correlation between PD amplitude and

the same-location benefit arising from target-coloured cues, as
these cues produce the largest PD (note, the correlation should
be negative here because the same-location benefit has been
calculated as valid minus invalid RT, yielding a negative num-
ber.With capture coded as positive, the correlation would also
be positive). No such correlation was observed here.

Conclusion

Various accounts of the SLC have been put forward (e.g.,
Carmel & Lamy, 2014; Gaspelin & Luck, 2018b;
Schönhammer et al., 2020) and each has garnered evidence
under different stimulus conditions. Our results indicate that
participants with stronger attentional suppression of irrelevant
features also show a smaller SLC, a finding that is inconsistent
with the attentional suppression account. We speculate that an
alternative mechanism, an SLC caused by the updating of
object-file properties at the target location, may be influenced
by reactive suppression of the to-be-updated object.
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