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1. Introduction

In his position paper, Theeuwes (2010) makes a challenge to a
number of current theories of visual selective attention, which assume
that what we select in the first instance is not simply bottom-up
driven by properties of the stimulus, but also influenced (at least to
some extent) by internal system settings that are under top-down
control. In essence, Theeuwes (2010) puts forward a strong stimulus-
driven view of visual selection, maintaining that the first sweep of
information through the visual system is entirely driven by bottom-up
stimulus salience and that top-down settings can bias visual
processing only after selection of the most salient item, based on
recurrent, feed-back processing. This view represents one pole of how
we can conceive of visual selection. The other pole is given by a strong
version of the contingent-capture hypothesis (e.g., Folk, Remington, &
Johnston, 1992), which assumes that unless a bottom-up computed
signal matches the top-down (goal) settings of the system, it will not
‘capture attention’; in other words, only signals that match these
settings will engage selective attention—so that what is selected is
entirely under two-down control. The dimension-weighting account
(DWA; e.g., Found &Müller, 1996; Müller, Heller, & Ziegler, 1995) that
we have developed over the past 15 years or so takes a position in-
between these extremes: consistent with Theeuwes (2010) and
computational theories (e.g., Itti & Koch, 2000; Koch & Ullman, 1985;
Wolfe, 1994), the DWA assumes that attentional selection is driven by
an ‘overall-saliency’ or ‘master’ map of the visual array, that is:
humans attend with priority to the stimulus (location) that achieves
the highest activation on this map. However, we argue that this map is
not simply computed in a bottom-up, stimulus-driven manner; but
rather, saliency computations may be biased, in a spatially parallel
manner, by top-down signals reflecting expectations of particular
stimulus attributes. We refer to this account as dimension-weighting
account (see Fig. 1 for an illustration of the processing architecture;
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for details, see Zehetleitner, Müller, & Krummenacher, 2008), because
(1) it assumes priority of dimensional over feature-specific settings,
consistent with the view that overall-saliency signals are derived by
integrating the outputs of dimension-specific feature contrast
computations (e.g., Itti & Koch, 2000); and (2) the integration occurs
in a dimensionally weighted manner, that is, feature contrast signals
from one particular dimension may carry a greater weight in the
integration than signals from other dimensions. Formally, activity on
the master map at a given location in 2D space, M(x,y), can be
described as:

M x;yð Þ = ∑
i∈I

Di x;yð Þwi;

where I is a set of dimensions and Di(x,y) is the strength of feature
contrast in dimension i at location (x,y), and wi is the dimensional
weight of dimension i. Furthermore, DWA assumes (3) that the total
amount of weight is limited, that is, the weight dynamics (over time)
is competitive: if the weight goes up for one dimension, it must go
down for other dimensions. While Theeuwes (2010) could in
principle subscribe to these three assumptions, he strongly argues
against the fourth assumption of DWA, namely, (4) that the weight
assigned to a particular dimension at a given time is determined not
only by bottom-up factors (i.e., absolute feature contrast), but also by
top-down factors reflecting expectancies of target attributes (e.g.,
knowing that the next object I am looking for is color-defined or
specifically red). Thus, at variance with Theeuwes (2010) stimulus-
driven account, the DWA states that: (1) the initial feed-forward
sweep of information through the visual system is not entirely
stimulus-driven; (2) top-down expectancies of non-spatial target
attributes can influence the initial selection priority at least to some
extent; (3) attention will not shift automatically to the location
exhibiting the highest feature contrast; and (4) relevant experience
can, to some extent, help shield against the interference of high-
contrast singleton distractors defined in one dimension when looking
for a low-contrast singleton target defined in another dimension.

In the remainder of this reply, we will focus on the evidence in
favor of these conclusions, which we have collected mainly (though
not exclusively) in studies of visual singleton (‘pop-out’) search, and
relate this evidence to the position advocated by Theeuwes (2010).
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Fig. 1. Schematic illustration of parallel-coactive processing of multiple visual dimensions as assumed by the dimension-weighting account (taken from Töllner, Zehetleitner,
Krummenacher, et al., in press). The visual field is initially decomposed by a set of basic feature analyzer mechanisms (e.g., for color, orientation, motion, etc.), which compute the
presence of feature contrast (i.e., saliency) for all locations across the visual scene. Feature contrast signals are then integrated, separately for each location, by units in an overall-
saliency ormaster map of activations. The most active location on this map determines the deployment of focal attention in a winner-take-all manner, with focal attention mediating
detailed stimulus analysis and response decisions. Importantly, the DWA assumes that this map is not simply computed in a bottom-up, stimulus-driven manner; but rather, pre-
attentive saliency computations may be biased by top-down signals reflecting expectations of particular stimulus attributes.
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2. Dimension-based inter-trial effects in visual selection

The fact that the initial feed-forward sweep of information through
the visual system is not entirely driven by the physical stimulus
attributes is attested by the ubiquitous findings of inter-trial ‘history’
effects in visual search. Thus, for example, when the target in a pop-
out search task is dimensionally variable across trials (e.g., the target
might be an odd-oriented item on one trial, and an odd-colored on
another), target detection RTs are faster when the target-defining
dimension repeats rather than changes—despite the fact that the
target feature contrast in the defining dimension is absolutely the
same (e.g., Found & Müller, 1996). [There are also feature-specific
inter-trial effects (e.g., Maljkovic & Nakayama, 1994, 2000), but we
contend that, under otherwise equal conditions, dimension-specific
inter-trial effects are larger, and therefore more fundamental, than
feature-specific effects.] Note that Theeuwes and colleagues, in earlier
studies, had difficulties finding such dimension-specific inter-trial
effects in compound-search tasks (instead of making a simple target-
present/absent response, in compound-search tasks, observers are
required to respond to a target attribute that is different from that
which is search-critical; e.g., observers may have to respond to the
orientation of a small line inside a target singleton-shape target),
which led them to attribute these effects to a post-selective
processing stage such as stimulus-response mapping (see, e.g.,
Mortier, Theeuwes, & Starreveld, 2005). However, Töllner, Gramann,
Kiss, Müller, and Eimer (2008) recently showed that, although inter-
trial effects in compound-search tasks may be obscured in behavioral
RT measures (see also Müller & Krummenacher, 2006), electrophys-
iologically they are evident in terms of the (peak) latency of the N2pc
(i.e. PCN) component, that is: the N2pc is shorter for dimension
repetition compared to dimension change trials. Assuming that the
N2pc is associated with attentional selection (or, as argued by
Theeuwes (2010), attentive processing at the selected location), this
finding would suggest that attentional selection, or processing,
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commences earlier when the target-defining dimension is repeated—
consistent with an early modulation of selection by inter-trial
history.

Interestingly, in a conjoined analysis of the N2pc and stimulus-
locked LRP (lateralized readiness potential) components, Töllner et al.
(2008) also found that, contrary to the assumption underlying
Theeuwes and colleagues' preference for compound-search tasks,
the post-selective process of stimulus-response mapping is not
independent of the output of the attentional selection stage. In
particular, the system seems to implicitly ‘expect’ that a dimension
repetition is associated with a response (feature) repetition, and a
dimension change with a response (feature) change—yielding
increased mapping times when these expectations are violated.
Such dependencies can obscure dimension-specific inter-trial effects
in terms of RT measures.

Another ‘challenge’ levelled against the evidence from dimension
repetition/change effects was provided by Mortier et al. (2005), who
showed that such effects are also obtained in a ‘non-search task’ with
a single stimulus consistently presented at fixation (doing away
with the need to search for the response-critical object), which has
to be classified as being either a target or a nontarget. Given that
dimensional repetition/change effects were also observed in this task,
Mortier et al. concluded that all dimensional inter-trial effects–in their
non-search (discrimination) task as well as our simple-search
(detection) tasks–originate on a post-selective processing stage.
However, we have recently shown that the inter-trial effects in the
non-search task are dissociable from those in the search task, in
particular: (1) there is little feature-specific processing in the search
task (the inter-trial effects are dimension-, but not feature-, specific),
while there is a strong feature-specific processing component in the
non-search task (Krummenacher, Grubert, & Müller et al., 2010). (2)
In contrast to the search task, in which redundant target feature
contrast signals in multiple dimensions are processed and integrated
in parallel (see also Töllner, Zehetleitner, Krummenacher, & Müller,
in press-b, for ERP evidence), target signals in the non-search task
are checked serially against memory templates, where checking
starts with the same feature that yielded a target match on the
previous trial and then proceeds to the next feature within the same
dimension, before checking features in the alternative dimension
(Krummenacher et al., 2010). And (3) when the two types of task are
intermixed within a trial block (e.g., non-search task followed by
search task), there are dimension-specific repetition/change effects
only when the task is repeated, but not when it is changed across
trials; if the inter-trial effects had the same source in a stage involved
in both types of task, then there should be a carry-over of dimensional
‘set’ from one task to the other, which was however, not the case
(Rangelov, Müller, & Zehetleitner, in press). Rangelov, Müller, and
Zehetleitner (2009) went on to demonstrate dimension repetition/
change effects across different types of search tasks, such as detection
and localization, and across different types of non-search tasks (while
there are none across search and non-search tasks), suggesting that
there are at least two dimension-weighting mechanisms: one for
target selection, operating in search tasks, and one for response
selection, operating in non-search tasks. Thus, there is good evidence
that at least one source of dimension-specific inter-trial effects lies in
a pre-selective stage of processing.

In summary, there is ample evidence that the computation of
overall-saliency signals for target selection is subject to (dimension-
based) inter-trial effects, rather than being purely bottom-up driven.
In terms of the DWA, the dimensional weight set established on a
given trial(s) is carried over the next trial, thus favoring new targets
defined in the weighted dimension (relative to targets defined in the
other dimensions). However, having come round to recognizing these
effects, Theeuwes (2010) argues that these weighting (or, in his
terms, ‘priming’) effects are purely bottom-driven—that is, the weight
set simply tracks whatever dimension (or feature) yielded successful
target ‘detection’ on a given trial. [This is exactly what we mean when
we state that dimensional weights reflect “the variability of target
definitions across trials”, which Theeuwes (2010) seems tomisread as
a statement of a top-down, ‘knowledge’-based influence.] Neverthe-
less, these effects mean that one and the same physical stimulus is
processed differently depending on the dimensional weight set
carried over across trials; in other words, the system settings
themselves are adaptive (see, e.g., Pollmann, Weidner, Müller, & von
Cramon, 2006, who showed that BOLD activation levels are increased
in visual area V4 in trial epochs with repeated color vs. repeated
motion targets, and increased in hMT+ in epochs with repeated color
vs. repeatedmotion targets). Given this, the crucial question becomes:
can these settings also be adapted, by top-down processes, to reflect
expectancies about what the response-critical stimuli will be in the
next task episode?

3. Top-down control of dimensional weight set

This was the very question addressed in the dimension-cueing
study of Müller, Reimann, and Krummenacher (2003). In this study,
observers again searched for a pop-out target whose dimensional
definition varied randomly across trials (simple-detection task).
However, before each trial, observers were presented with a symbolic
cue (in some experiments) indicating the likely dimension in which
the upcoming target would be defined (e.g., the cue word ‘color’
would indicate that the upcoming target was likely to be color-
defined). Müller et al. found that target detection was expedited
on valid- compared to neutral-cue trials, and slowed on invalid-cue
trials—in line with the assumption that the dimensional weights are
top-down modulable. [Note also that these semantic cueing effects
were largely dimension-specific in nature: even if the cue specified a
likely target feature (e.g., ‘red’ signalling that the upcoming target bar
would be red with p=.79), a target defined by an unlikely feature in
the ‘cued’ dimension (blue, p=.07) was detected faster than a target
defined by an unlikely feature in the uncued (in the example,
orientation) dimension (e.g., right- or left-tilted, each p=.07).] Also
consistent with this idea was that the inter-trial effects were reduced
on valid (and invalid) trials compared to neutral trials; that is, for
example, knowing in advance that the defining dimension of the
upcoming target will be different to that on the last trial (e.g., color
rather than orientation) helps to rebalance the ‘non-optimal’ weight
set established bottom-up by the preceding (orientation) target. This
interaction suggests that bottom-up and top-down factors influence
the same, pre-selective processing stage. Note though that the effect
of the preceding trial could not be completely overcome even if the
symbolic cues were 100% valid—which is why we argued only for a
modulatory role of top-down processes on bottom-up overall-
saliency coding.

However, these conclusions were challenged by Theeuwes,
Reimann, and Mortier (2006) because they failed to find a reliable
(symbolic) dimension-cueing effect in a compound-search task, while
being able to replicate a cueing effect in a simple-detection task.
Assuming that the detection and compound-search tasks share the
same pre-selective stage of processing, they argued that the cueing
effect in the detection task must have arisen at a post-selective stage
of processing (concerned with response selection). Consistent with
this, Theeuwes and Van der Burgh (2007) failed to find dimensional
cueing to significantly influence signal detectability (i.e., detection
accuracymeasured in terms of the SDT sensitivity parameters d′ or A′)
under time-limited display presentation conditions; such an effect
would have been expected if the cueing influenced an early, search-
relevant stage of processing.

Note, however, that in the study of Theeuwes et al. (2006),
semantic dimension cues produced a non-significant RT costs-plus-
benefits effect of 9 ms when encoding of the cue was assured by
having observers actively maintain a memory of the cued dimension.
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And in a replication study inwhich observers had to occasionally rate
their compliance with the instruction to set themselves for the cued
dimension, Müller and Krummenacher (2006) found an effect of a
comparable magnitude (9.3 ms), which was statistically reliable.
Similarly, although non-significant in individual experiments,
Theeuwes and Van der Burgh (2007) found at least numerical cueing
effects in signal detection measures: collapsed across the symbolic
dimension-cueing Experiments 2 and 3, A′ was .92 vs. .87 for validly
versus invalidly cued color targets, and .82 versus .81 for shape
targets (these effects compare with robust spatial cueing effects in
Experiment 1: .92 vs. .78 for color targets, and .90 vs. .70 for shape
targets).

Since then, in as yet unpublished work, we have repeatedly
demonstrated semantic dimension-cueing effects in manual (left/
right) localization tasks under conditions of both limited and
unlimited display presentation (Zehetleitner, Krummenacher,
Geyer, Hegenloh, & Müller, submitted for publication), as well as in
a manual-pointing task in which observers had to accurately move
their index finger to the target location (Hegenloh, Zehetleitner, &
Müller, 2009). Both these tasks may be considered variants of
compound search, as the response-critical target attribute (location)
is separated from the attribute that singles out the target from
amongst the nontarget items. Importantly, in both these studies,
dimensional cueing effects were significant for targets of low feature
contrast (while efficient search, in terms of search rate criteria, was
ensured) or under time-limited viewing conditions, while they were
not significant for targets of high feature contrast under unlimited
viewing conditions—suggesting that the cueing effects are associated
with saliency coding. There is evidence that other salience-based
effects, such as gains by coding targets redundantly in two
dimensions (e.g., Zehetleitner, Müller, & Krummenacher, 2009a),
are also increased for low- than for high-contrast feature singletons,
and for conditions in which response accuracy rather than speed is
emphasized—that is, conditions with longer decision times. Re-
analysis of the data of Zehetleitner, Müller, and Krummenacher
(2009a) also revealed that the size of dimension repetition/change
effects (see above) was increased for slower decisions (i.e., for low
feature contrast, and with emphasis on accuracy). Thus, decision
times appear to play a modulatory role for the size of salience-based
effects, and this would have to be taken into account making
inferences based on the absence of dimensional cueing effects (there
was no systematic manipulation of feature contrast in Theeuwes &
Van der Burgh, 2007, who used feature contrast settings permitting
performance to be higher than A′=.85, on average, in their
Experiments 2 and 3).

However, Theeuwes might argue that localization tasks do not
qualify as true compound-search tasks. To preempt such a criticism, in
an electrophysiological study, Töllner, Zehetleitner, Gramann, and
Müller (2010) examined semantic dimension cueing in a compound-
search task similar to the tasks employed by Theeuwes and
colleagues. Töllner et al. found facilitated RTs to be associated with
both shorter (peak) latencies and enhanced amplitudes of the N2pc,
with valid relative to invalid semantic pre-cues. This clearly
demonstrates that observers are able to top-down set themselves to
a specific dimension, modulating the time course of the visual coding
processes that occur prior to, and guide, the allocation of focal
attention.

Consistent with this, Zhang and Luck (2009) have recently shown
that feature-based attention can influence feed-forward sensory
activity, as reflected by the P1 wave (see also Gramann, Töllner, and
Müller, 2010, for dimension-based cueing effects on the P1). They
presented a continuous stream of intermixed red and green dots in
one visual hemi-field (e.g., on the left), and observers attended to
either the red or the green dots in this hemi-field to detect occasional
luminance decrements in the instructed color. To examine whether
feature-based attention can influence feed-forward sensory proces-
sing independently of spatial attention, probe arrays consisting of only
red or only green dots were presented in the opposite (in the
example, the right) hemi-field. The rationale was that if the task-
irrelevant probe arrays presented intermittently in the non-attended
hemi-field elicited a larger P1 wave when presented in the attended,
as compared to the unatttended, color, this would provide strong
evidence for a (space-independent) attentional influence on feed-
forward sensory processing. Consistent with this, the results revealed
P1 amplitudes over the cortex contralateral to the probe array to be
significantly larger, within 100 ms post-stimulus, for probe dots in the
attended (rather than the unattended) color. This finding again
appears to be inconsistent with the view that top-down set can bias
visual selection only after 150 ms post-stimulus.

In summary, the balance of evidence favors the view that the
weights allocated to a visual dimension (or features within this
dimension) can be top-down modulated, albeit to some limited
extent. The latter seems tomake evolutionary sense: complete control
would be maladaptive, because potentially survival-critical target
signals defined in a non-attended dimension would be missed.
Essentially, Theeuwes (2010) arguments in this regard are based on
statistical null-findings—however: absence of statistically reliable
evidence is not evidence of absence. So the question is not why there
are only robust spatial, but no non-spatial (dimension- and feature-
based) cueing effects—but rather why the non-spatial effects are
smaller than the spatial effects. Some hints for answering this
question may be provided by evidence that spatial-attentional
weighting processes can modulate the expression of dimension-
based weighting effects (Krummenacher, Müller, Zehetleitner, &
Geyer, 2009).

One additional comment in this context refers to Theeuwes (2010)
attributing to us the position that detection operates via a special
‘route’ based on pooled feature map signals, along the lines of feature
integration theory (e.g., Treisman & Gelade, 1980; Treisman &
Gormican, 1988). As a matter of fact, we have expressly advocated
the opposite (e.g., based on the above-mentioned similarity of
processing in a variety of tasks), namely: a unitary, saliency-map-
based processing architecture mediating performance in detection as
well as localization, and compound-search tasks (e.g., Krummenacher,
Müller, & Heller, 2002; Zehetleitner, Müller, & Proulx, 2009b).

We (e.g., Müller & Krummenacher, 2006; Zehetleitner, Müller, &
Krummenacher, 2009a) did, however, consider the possibility that
detection responses may be based directly on the master map,
without having to wait for attentional selection and post-selective
processing. That is, signals on the overall-salience map may have two
parallel consequences: they can trigger a (direct) detection response
and simultaneously attentional selection. Given this, even if atten-
tional selection is mandatory, the findings of Theeuwes, Van der Burg,
and Belopolsky (2008), which Theeuwes (2010) refers to, would not
necessitate an account in terms of attentional selection being a
prerequisite for detection responses.

4. Interference from feature contrast signals in a
task-irrelevant dimension

Given that the dimensional weight set is top-down modulable, we
predicted that the interference effect caused by an irrelevant
singleton (distractor) defined in a different dimension to the target
should also be modulated by top-down dimensional set; that is, to
shield against interference, observers should be able to down-
modulate the weight assigned to the distractor dimension (and/or
up-modulate the weight for the target dimension). Note that to
produce interference, the distractor singleton must be of a higher
(physical) feature contrast than the target singleton (Theeuwes, 1991,
1992). Given this, on the DWA, one would never expect the
interference to be completely eliminated: despite a possible down-
modulation of the distractor signal prior to the master map
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(integration) stage, it would nevertheless be expected to win the race
for selection at least on some trials. The net interference effect would
then depend on the likelihood of the distractor winning the
competition, and this should be the lower the higher the distractor
frequency (as a result of the larger and more consistent down-
modulation of the weight assigned to the distractor dimension). [This
is unlike a strong contingent-capture position, which would predict
complete elimination of interference (see Müller et al., 2009, for
an elaboration of these arguments).] To examine this prediction, we
(Müller, Krummenacher, Geyer, & Zehetleitner, 2009) varied
the probability of a distractor occurring in a block of trials (as well
as observers' prior exposure to, i.e., ‘experience’with, such interfering
stimuli). Consistent with our hypothesis, we found the net distractor
interference to systematically decrease with increasing distractor
probability; for example (with ‘inexperienced’ observers), when
a distractor was rare (20%) it caused an interference effect of 77 ms;
by contrast, when a distractor was frequent (80%), the interference
was reduced to 24 ms (with experienced observers, the interference
effect was non-significant with 80% distractor frequency). This effect
(which was recently also replicated by Sayim, Grubert, Herzog, &
Krummenacher, 2010, who presented salient onset distractors)
challenges the notion advocated by Theeuwes (2010); see also earlier
studies) that a, compared to the target, more salient distractor
invariably captures attention.

To accommodate this effect within his own account, Theeuwes
(2010) proposes that distractor frequency does not influence the power,
or likelihood, of a distractor capturing attention, but rather the speed
with which attention can be disengaged from the distractor and
reallocated to the target location. This rapid-disengagement hypothesis
may encounter a difficulty explaining another set finding of findings
reported by Müller et al. (2009), namely, that in the 20% distractor
condition, interference was greatly reduced on a trial Nwhen there had
also beenadistractor on thepreceding trialN-1, compared towhen there
was no distractor on trial N-1 (by contrast, there was little inter-trial
modulation of the interference effect with high distractor frequency).
Müller et al. interpreted this pattern in terms of the recruitment of top-
down control mechanisms to deal with interference on trial N-1, which
then also provides a shielding effect on the subsequent trial N
(cf. Botvinick, Braver, Carter, Barch, & Cohen, 2001). However, Theeuwes
could argue that encountering a distractor on trial N-1 enables faster
disengagement of attention from a distractor on trial N.

However, clearly at variance with the rapid-disengagement
hypothesis are findings by Geyer, Krummenacher, and Müller
(2008), who examined oculomotor capture in a paradigm adopted
from Müller et al. (2009). Oculomotor capture refers to the
phenomenon that the distractor, rather than the target, summons
an overt eyemovement, rather than just a covert attention shift. Given
the close links between the spatial-attention and the saccadic eye
movement system (e.g., Deubel & Schneider, 1996), one would expect
that capture of attention by a salient distractor would frequently
translate into oculomotor capture, especially with short-latency
saccades that escaped active suppression (see, e.g., Theeuwes, De
Vries, & Godijn, 2003). Thus, on Theeuwes (2010) rapid-disengage-
ment hypothesis, one would predict the likelihood of oculomotor
capture (i.e., saccades to the distractor) to be uninfluenced by the
distractor frequency, while the duration of the subsequent fixation on
the distractor should decrease as a function distractor frequency.
However, Geyer et al. found exactly the opposite result: the fixation
duration on the distractor was uninfluenced by distractor frequency
(average durations of around 170 ms), while the likelihood of
oculomotor capture decreased significantly. This effect was even
more pronounced for short-latency saccades (decrease in the rate of
first distractor-directed saccades from 17.0% to 6.3% with 20% and,
respectively, 80% distractor frequencies) than for long-latency
saccades (decrease from 12.6% to 4.4%). Assuming that especially
short-latency saccades to the distractor reflect oculomotor capture (cf.
Theeuwes et al., 2003), this pattern would indicate that capture itself,
rather than disengagement from the distractor location, is modulated
by distractor frequency.

Furthermore, Töllner, Zehetleitner, and Müller (submitted
for publication) examined for evidence of a distractor-frequency-
dependentmodulationof brain-electrical activity in a paradigmadapted
from Theeuwes and colleagues—however, with observers being
instructed not to make any eye movements (as is usual in EEG studies).
If the distractor frequency effect indeed originates from the speed with
which attention can be disengaged from to the distractor location
(Theeuwes, 2010), one should observe first a distractor-induced N2pc
and then a target-induced N2pc, where the delay between the
components is longer with lower thanwith higher distractor frequency.
Interestingly, however, Töllner et al. found no evidence of distractor-
related activity leading to a contralateral deflection (indicative of an
attention shift to the distractor) prior to the target-related negative
deflection (representing an attention shift to the target item)—in
contrast to, for instance, by Hickey, McDonald and Theeuwes (2006); as
Theeuwes, 2010, points out, Hickey et al. used a ‘difficult’ paradigm in
which the target and nontarget shapes and the distractor and non-
distractor colors could swap identity across trials). Instead, the onset
and peak latencies of the target-related N2pc were some 15 ms shorter
when the distractor occurred more frequently (on 50% vs. 25% of the
trials). The absence of a distractor-related N2pc suggests that attention
is not automatically allocated to themost salient item in thedisplay. This
applies even if onewere to assumewith Theeuwes (2010) that theN2pc
reflects attentive processing at, rather than the process of allocating
attention to, a salient location: if attentionwere capturedby a distractor,
this would have to be processed post-selectively in order to reject it as a
nontarget and reallocate attention to the next most salient location. On
Theeuwes' interpretation, this processing of the distractor should
become manifest in terms of an N2pc. Furthermore, the expedited
target-related N2pc with a higher distractor frequency is consistent
a reduced ‘filtering cost’ (cf. Kahneman, Treisman, & Burkell, 1983).
In terms of the DWA, the pre-attentive competition for selection is
resolved fasterwhen distractors are encounteredmore often because of
the down-modulation of theweight assigned to feature contrast signals
in the distractor dimension.

In summary, we believe that the available evidence offers little
support for the view that attentional capture by singleton distractors
defined in a nontarget dimension is not top-down modulable, and
that the reduced interference associated with high distractor
frequency arises from more rapid disengagement of attention from
the distractor location. Instead, distractor frequency influences the
likelihood of attentional (oculomotor) capture and/or the time to
resolve the competition for selection between the target and
distractor signals in favor of the target (while never completely
overcoming the bottom-up established system settings).

5. Conclusions

In conclusion, based on the evidence that we discussed above in
relation to the DWA (see the commentaries from the other labs
involved in this debate for a summary of their evidence and
standpoints), we believe that Theeuwes (2010) notion that the first
sweep in visual election is guided solely by bottom-up signals and
impenetrable to top-down-modulation is too strong to be tenable. On
the other hand, we appreciate Theeuwes (2010) taking and defending
an ‘uncompromising’ stance, as this provides a strong challenge to
other scientists to come up with better experiments to prove their
views.
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