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ABSTRACT

ological measure of the capture of visuospatial
attention by the invisible singleton-cue, no signif-

In the current study, we tested whether a masked

icant decrement was observed. Taken together,

and, thus, invisible singleton-cue captures atten-

the results support the assumption that an invisi-

tion in a stimulus-driven manner or in a top-down

ble singleton-cue can capture attention in a stim-

contingent manner. The manual RT (Reaction

ulus-driven manner, and that different delays in

Time) capture effect with the invisible singleton-

the deallocation of attention (i.e., attention is

-cue decreased substantially when a match be-

deallocated more efﬁciently from a cue that does

tween the singleton-cue and the top-down con-

not match the top-down controlled set than from

trolled set of searched-for target features was

a cue that does match the same set) account for

also decreased. By contrast, with the PCN (Pos-

the weaker manual RT capture effect with a set-

terior Contralateral Negativity), an electrophysi-

-nonmatching invisible singleton-cue.

INTRODUCTION

on ERPs (Event-Related Potentials) in the absence of any
signiﬁcant effects of these stimuli on RTs.

According to one widely held view, nonconscious processes

In the current study, we examined both RTs and ERPs

are automatic, stimulus-driven, and do not depend on an in-

to investigate whether the capture of visuospatial at-

dividual's intentions (cf. Damian, 2001; McCormick, 1997;

tention by an invisible singleton is top-down contingent

Posner & Snyder, 1975). However, recent evidence chal-

or stimulus-driven. A singleton is a stimulus that differs

lenges this notion. Several lines of research indicate

from all the other stimuli in a display by at least one of its

that effects of nonconsciously registered visual stimuli

features, while the other stimuli in the display are usu-

might be contigent upon top-down control settings in

ally nonsingletons that are more similar to each other

the sense that they depend on prior intentions (cf.

than to the singleton (Bacon & Egeth, 1994; Lamy &

Ansorge & Neumann, 2005; Kunde, Kiesel, & Hoff-

Egeth, 2003). Instances of singletons are a circle shown

mann, 2003; Reynvoet, Gevers, & Caessens, in press;

among a multitude of squares, or a red stimulus shown

Schlaghecken & Eimer, 2004; see also Kiesel, Kunde,

among a multitude of black stimuli.

Pohl, & Hoffmann, 2006, this issue). Kunde et al., for

According to the contingent-involuntary orienting hy-

example, were able to demonstrate effects of invisible

pothesis, singleton capture (attentional capture by a sin-

word stimuli on RTs (Reaction Times) only if these stimuli

gleton) is contingent upon the singleton matching a top-

matched the intentions of the participants. However, such
RT results are at odds with more encompassing measures of the processing of nonconscious information. Kiefer
(2002), for instance, found signatures of invisible words
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-down controlled set of searched-for target features

Ludwig & Gilchrist, 2002; Horstmann & Ansorge,

(cf. Folk, Remington, & Johnston, 1992). Support for

2006; Remington, Folk, & McLean, 2001).

the contingent-involuntary orienting hypothesis comes

Recent research with metacontrast-masked single-

from studies that employed a clearly visible singleton as

ton-cues has made it clear that similar top-down

a nonpredictive peripheral cue (Folk & Remington, 1998,

contingencies might hold when attention is captured

1999; Folk et al., 1992; Remington, Folk, & McLean,

by an invisible singleton (cf. Ansorge, 2004; Ansorge,

2001). Unforeseeable to the participants, a target was

Heumann, & Scharlau, 2002; Ansorge & Neumann,

shown at one of four possible positions in each trial. Prior

2001, 2005; Scharlau & Ansorge, 2003). Metacontrast

to the target, a singleton was presented as a cue at one

is an efﬁcient means of masking a visual test stimu-

of the positions. In a valid condition, the singleton-cue

lus – that is, to reduce its visibility. In metacontrast

was at target position. In an invalid condition, it was at

masking, the visibility of a test stimulus deteriorates

a distance from the target. The singleton-cue was non-

due to a spatially adjacent visual mask that follows the

predictive with respect to the likely position of the target.

test stimulus in close temporal succession (Breitmeyer,

Therefore, participants had no incentive to attend to it as

1984; Stigler, 1910). Optimal metacontrast masking is

such. Yet, it is known that even under these conditions,

observed with an SOA (Stimulus Onset Asynchrony)

if the cue-target interval is not too long (< ca. 300 ms),

of about 30-70 ms between the test stimulus and the

processing time and RT are faster with a valid peripheral

mask (cf. Alpern, 1953). Some very efﬁcient metacon-

cue than with an invalid peripheral cue (cf. Jonides, 1981;

trast masking conditions can be used even to complete-

Posner, 1980). This validity effect reﬂects the capture of

ly block a visual test stimulus from accessing conscious

visuospatial attention by the cue. As a consequence of

perception: Metacontrast masking can be so strong that

such capture, attention is already at target position at

the test stimulus can no longer be discriminated and

the onset of the target in the valid condition. By contrast,

becomes invisible. For example, the detection of two

in the invalid condition, attention needs to be directed to

bars used as test stimuli can be reduced to chance level

the target after the onset of the latter.

under conditions where the masks consist of boxes that

Crucially, Folk and Remington (1998) also manipu-

have inner contours that ﬁt exactly around the outer

lated the degree to which the singleton-cue matched

contours of the preceding bars (Ansorge, 2003, 2004;

the top-down control settings. In line with the contin-

Leuthold & Kopp, 1998; Neumann & Klotz, 1994).

gent-involuntary orienting hypothesis, matching cues

Despite

its

invisibility,

a

metacontrast-masked

captured attention, whereas nonmatching cues did

singleton-cue has the power to capture attention. This

not. Participants were required to report the shape of

is evident, for instance, from studies on prior entry

a target of a known color, say red, while either a green

or PLP (Perceptual Latency Priming; cf. Neumann,

or a red singleton cue was shown in advance of the

Esselmann, & Klotz, 1993; Scharlau, 2002, 2004;

target. Folk and Remington found that a cue with a tar-

Scharlau & Ansorge, 2003; Scharlau & Neumann,

get-similar and, therefore, set-matching color captured

2003a, 2003b; Steglich & Neumann, 2000). PLP is ob-

spatial attention and could not easily be ignored: The

served when a masked singleton-cue precedes a clearly

set-matching valid cue directed attention to the target,

visible target (that also masks the preceding cue): The

as indicated by a decrease in correct choice RTs relative

perception of the target is facilitated. A validly cued

to RTs with an invalid set-matching cue. By contrast,

target seems to temporally lead a concomitantly pre-

a cue with a target-dissimilar and, therefore, set-non-

sented, non-cued comparison stimulus (e.g., Scharlau,

matching color was efﬁciently ignored. For example,

2002). As Scharlau and co-workers were able to show,

a green cue presented in advance of a red target did not

this PLP effect most likely reﬂects the capture of visuo-

capture spatial attention: Performance was the same in

spatial attention (Scharlau, 2002; Scharlau & Ansorge,

valid and invalid conditions (Folk & Remington, 1998).

2003; Scharlau & Neumann, 2003b; see also Scharlau

Using clearly visible cues, corresponding top-down

& Horstmann, 2006, this issue).

contingencies of attentional capture have been found

What is important in the context of the present study

to hold under a variety of different task conditions

is that capture by an invisible singleton-cue seems to

– speciﬁcally, with discrimination of target locations

be contingent on top-down control settings. A meta-

as well as with discrimination of target shapes, and

contrast-masked singleton-cue, for example, produces

with different singleton-target or cue-target inter-

a PLP effect if it has a searched for target-like color or if

vals ranging from simultaneous onsets to intervals of

it has a searched-for target-like shape. The PLP effect is

several hundred milliseconds (Ansorge & Heumann,

clearly reduced, or it is even absent, however, if this is

2003, 2004; Ansorge, Horstmann, & Carbone, 2005;

not the case (cf. Scharlau & Ansorge, 2003).
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Yet there is an alternative to the contingent-involuntary orienting account. Some authors consider

prevail for a longer duration than those associated with
a nonmatching cue.

singleton capture to be a stimulus-driven attentional

At present, it seems as if the deallocation of at-

effect (cf. Theeuwes, 1992, 1994, 1996). This as-

tention cannot explain all cases in which a stronger

sumption is supported by singleton capture under con-

capture effect is observed with clearly visible match-

ditions in which top-down feature search is possible

ing singleton-cues than with nonmatching single-

(cf. Lamy & Egeth, 2003; Turatto & Galfano, 2001).

ton-cues (cf. Ansorge et al., 2005; Remington et al.,

Turatto and Galfano (2001), for example, used red and

2001). For example, we analyzed the capture effect

green nonpredictive singletons and white targets. As

as a function of manual RT, and found that the capture

a consequence, singleton color did not match the set

effect with a matching singleton was already present

of searched-for target colors. Yet the set-nonmatching

among the fast manual responses, whereas capture

color singleton was found to capture attention.

by a nonmatching singleton trailed somewhat behind.

If it is true that singleton capture is a stimulus-driven

In other words, we did not ﬁnd evidence of an early

effect, how can the difference between the stronger

processing phase during which the capture effects by

capture effect with a set-matching, as compared with

the matching and the nonmatching visible singleton

a set-nonmatching, singleton be explained (cf. Ansorge

were similarly strong (Ansorge et al., 2005). Yet, it

& Heumann, 2003, 2004; Folk et al., 1992; Gibson

could be argued that manual responses are generally

& Kelsey, 1998; Scharlau & Ansorge, 2003; Yantis &

too slow to reﬂect a preceding capture effect in more

Egeth, 1999)? It might be accounted for by different

rapid speciﬁc information processing domains, for ex-

delays in attentional deallocation from the singleton (cf.

ample, in the saccadic system (cf. Van Zoest, Donk, &

Theeuwes, 1994; Theeuwes, Atchley, & Kramer, 2000).

Theeuwes, 2004). Also, little is known about whether

According to the deallocation explanation, a salient

similar principles hold in the case of the processing of

stimulus, such as a color singleton-cue, captures atten-

nonconsciously registered visual information.

tion in a stimulus-driven manner – that is, regardless of

In the current study, we tested whether differences

whether or not the singleton-cue matches a top-down

between validity effects for set-matching and set-non-

controlled set of target features. However, once atten-

matching metacontrast-masked singleton-cues are

tion has been captured by the singleton-cue, partici-

due to different amounts of contingent involuntary

pants deallocate attention from the irrelevant and non-

orienting or whether they reﬂect different delays of

-predictive singleton-cue to prepare for a rapid attention

deallocation. To circumvent the shortcomings of only

shift to the relevant target (cf. Posner & Cohen, 1984).

measuring manual RT effects, we recorded ERPs as an

Because it is more difﬁcult to tell apart a target-similar

encompassing correlate of any information processes,

singleton or cue from a target than it is to tell apart a

whether in the service of manual responses or not.

target-dissimilar singleton or cue from a target, deallo-

Research with clearly visible cues has indicated that

cation has a rapid onset under conditions in which a set-

ERP and RT measures of attentional capture can be

nonmatching or a target-dissimilar singleton or cue is

dissociated. In particular, evidence for attentional

used. By contrast, deallocation has a delayed onset un-

capture can be obtained in ERPs under conditions in

der conditions in which a set-matching or a target-simi-

which evidence for attentional capture is absent in RTs

lar singleton or cue is shown. With a small but positive

(cf. Handy, Green, Klein, & Mangun, 2001). This pattern

interval between the singleton-cue and the target (or the

of results is consistent with a deallocation explanation.

response), it is possible that attentional capture by the

According to the deallocation explanation, attentional

set-nonmatching singleton-cue has already given way

capture by a nonpredictive or otherwise irrelevant cue

to deallocation at the time of the target onset (or of the

should decline as a function of increasing time since

response). Therefore, the validity effect associated with

cue onset. Therefore, covert ERPs that temporally pre-

set-nonmatching singleton-cues is reduced or absent.

cede an overt response can reﬂect attentional capture

By contrast, if the interval is not too long, attention is

under conditions in which the corresponding evidence

still at the position of the set-matching singleton-cue at

is already absent from the RTs.

the onset of the target (or when the response is given),

The component which we investigated in the present

and hence a validity effect is observed. In summary,

study is a PCN (Posterior Contralateral Negativity). The

the deallocation explanation argues that the capture

PCN is a negativity at scalp sites contralateral to the tar-

effects produced by matching and nonmatching single-

get; it has its maximum at posterior scalp sites (quite

ton-cues are initially the same, and that the capture

often at OL and OR) and a latency of about 150-350 ms

effects associated with a matching singleton-cue simply

post stimulus. It is one of the components which are re-
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lated to the distribution of visuospatial attention. Luck and

matches the set elicits a PCN and leads to an RT effect

Hillyard (1994) were the ﬁrst to identify the conditions

(Jaśkowski et al., 2003; see also Jaśkowski, van der

required to observe a PCN (or rather a speciﬁc variant

Lubbe, Schlotterbeck, & Verleger, 2002). To that end,

of the PCN, which Luck and Hillyard called the “N2pc”):

we used a masked prime as a singleton-cue. Basically,

The observation of a PCN requires the use of one rel-

a prime is a cue which has the potential to activate

evant, or to-be-attended to, target and one irrelevant, or

an incipient response (cf. Eimer & Schlaghecken,

to-be-ignored distractor, stimulus on opposite horizontal

1998; Klotz & Neumann, 1999; Leuthold & Kopp,

sides of a visual display. The process reﬂected by the PCN

1998; Neumann & Klotz, 1994). In the current study,

is attentional facilitation in processing the target or at-

participants were required to respond to the eleva-

tentional inhibition in processing the irrelevant distractor

tion (i.e., vertical position) of a pair of clearly visible,

(cf. Eimer, 1996; Luck, Girelli, McDermott, & Ford, 1997):

black target bars on the screen. The target bars were

The fact that a PCN can be evoked by a wide variety of

presented at one of four positions (above/right, below/

different stimuli, such as “pop-out stimuli”, feature sin-

right, above/left, below/left). A bar above ﬁxation re-

gletons (cf. Girelli & Luck, 1997; Luck & Hillyard, 1995),

quired a right-hand response, and a bar below ﬁxation

targets which are deﬁned by a conjunction of features (cf.

required a left-hand response (or vice versa, between

Luck & Hillyard, 1995), invisible singletons (cf. Jaśkowski,

participants).

Skalska, & Verleger, 2003; Woodman & Luck, 2003), or

Prior to the visible target, a masked, black bar prime

clearly visible but task-irrelevant color singletons (Hickey,

was shown as a singleton-cue at one of the positions.

McDonald, & Theeuwes, in press) make it a particularly

Thus, this (shape) singleton-cue matched the set of rel-

suitable measure for the purpose of the present study.

evant and searched-for target colors and shapes. In the

In the following experiments, we used a singleton-

valid condition, the singleton-cue was at target position.

-search paradigm with a clearly visible target singleton

The valid singleton-cue was always response-congruent,

and a preceding metacontrast-masked singleton-cue.

as it indicated the same response as the target. In the

Across three experiments, we systematically reduced

invalid condition, the singleton-cue was at one of the po-

the match between the masked singleton-cue and the

sitions away from the target. Thus, the invalid singleton-

set of searched-for target features. On the basis of our

-cue could be either response-congruent or response-in-

previous observations, we expected that an RT capture

-congruent with respect to the target. A congruent/in-

effect of the masked singleton-cue would decrease as a

valid singleton-cue was presented at the same elevation

function of increasing dissimilarity between the cue and

as the target and, thus, indicated the same response

the set (cf. Ansorge & Neumann, 2005). If this match-

as the target. An incongruent/invalid singleton-cue was

ing-to-nonmatching capture difference is due to different

presented at an elevation different from the target and,

amounts of top-down contingent capture, then the PCN

thus, indicated a different response than the target.

effect should follow a similar function. If it is true that

We expected to ﬁnd a response-activation effect of the

a masked singleton-cue only captures attention when it

masked singleton-cue. With a congruent singleton-cue,

matches the set, a nonmatching singleton-cue should

RT should be lower than with an incongruent singleton-

not be attended to from the moment that it appears.

-cue. Also, we expected to ﬁnd an attentional effect of

As a consequence, a nonmatching masked singleton-cue

the masked singleton-cue. With a valid singleton-cue, RT

cannot be expected to give rise to a PCN and an RT effect.

should be lower than with an invalid singleton-cue.

However, if the matching-to-nonmatching capture differ-

Moreover, if the masked singleton-cue captures

ence is due to deallocation, then we should ﬁnd more

visuospatial attention, we should observe a PCN lo-

evidence for capture by a nonmatching singleton in the

cated with respect to the horizontal side of the masked

PCN than in the RTs. According to the deallocation ex-

singleton-cue. In same-side conditions, the masked

planation, matching-to-nonmatching capture differences

singleton-cue and the target were presented on the

build up over time. Because the PCN temporally precedes

same horizontal side. Therefore, from its onset, a PCN

the overt response, we might ﬁnd more PCN evidence for

was expected to be located contralateral to the side of

attentional capture under conditions in which the cor-

the target. By contrast, in different-side conditions, the

responding RT evidence is already reduced.

masked singleton-cue and the target were presented
on opposite horizontal sides. Therefore, the PCN was

EXPERIMENT 1

expected to change its direction over time. At its very
onset, the PCN should be more negative contralateral

In Experiment 1, we aimed to replicate previous re-

to the side of the masked singleton-cue, and only after

sults which showed that a masked singleton-cue that

the onset of the target should the PCN change its loca-

64
http://www.ac-psych.org

Attention and invisible singletons

target plus
masking boxes

blank screen

singleton-cue(prime)
plus distractor-like cues

blank screen

precues

dynamic fixation aid

Figure 1
From bottom to top, succession of events in a trial of Experiment 1. Depicted is an invalid and incongruent trial with the singleton-cue being at a different elevation and on the opposite side as compared with the target. For further details refer to the
Method section

tion and be more negative contralateral to the side of

tablets, one on either of a chair’s armrests. The partici-

the target (cf. Jaśkowski et al., 2003).

pants pressed the left and right response buttons with

Finally, we also wanted to conﬁrm that the singleton-

the index ﬁngers of the corresponding hands, and laten-

-cue was indeed invisible. To that end, we used a dis-

cies were measured from the target onset to the near-

crimination task in which participants were required to

est millisecond. The participants sat in an electrically

indicate in each trial whether a singleton-cue was pres-

shielded, sound attenuated, and dimly lit room, 150 cm

ent or not. Based on previous results with the current

in front of the screen, with their line of gaze straight

stimuli (cf. Neumann & Klotz, 1994), we expected that

ahead and their hands resting on the response devices.

participants would not be able to discriminate between
the conditions due to the masking of the cues.

Method
Participants

Stimuli
The sequence of events in a trial is shown in
Figure 1. Stimuli were presented black on a bright
background. The target and the singleton-cue each

Eighteen students (8 female, 10 male) at Bielefeld

consisted of two horizontally parallel lines which

University, Bielefeld, Germany, with a mean age of 29

were presented at one of four positions, above/right,

years, participated in RT blocks of Experiment 1, and 18

below/right, above/left, and below/left. Each of the

students (12 female, 6 male) of the same population,

positions was 5.7° of visual angle from the screen

with a mean age of 27 years participated, in SD (Signal

centre. The singleton-cue had the same shape as the

Detection) blocks of Experiment 1. Participants were

target but it was smaller than the target.

paid and had normal or corrected-to-normal vision.

Procedure in RT blocks
Apparatus

A ﬁxation spot was presented at the centre of the

The experiment was controlled by a computer that

screen throughout the whole session, apart from when

also collected the data. Stimuli were presented on

it was turned off brieﬂy between the recording epochs

a 19-inch color monitor. Response buttons were on two

of one trial and the start of the next trial. During the
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time that the ﬁxation point was turned off, participants

Procedure in SD blocks

could initiate a break by simultaneously pressing both

In half of the trials of the SD blocks, no single-

response keys. With a varying interval after the onset

ton-cue was presented (neutral condition). In these

of the ﬁxation spot, four small precues (0.55° × 0.6°)

trials, only the precues and the small outline boxes

were shown for 15 ms, one precue at each of the four

were shown prior to the target display. The other

possible positions. After an ISI (Inter Stimulus Interval)

half of the trials comprised congruent and incongru-

of 15 ms, the cue-singleton display was presented for

ent conditions (equally probable). Participants were

15 ms. It consisted of four small outline boxes (stroke

instructed to look for the masked singleton-cue and

width of the outline = 0.06°), one box at each of the

to judge whether or not it was presented. They were

positions, and a target-like singleton-cue (a small pair

required to press one key to indicate that they had

of bars) at only one of the positions. The singleton-cue’s

detected a singleton-cue and another key to indicate

bars were 0.5° long and 0.12° wide. Finally, a target

that they did not detect a singleton-cue. A detection

array was presented for 1,000 ms after an ISI of 45 ms,

task (i.e., a decision whether the singleton-cue was

resulting in a cue-target SOA of 60 ms. The target con-

present or absent) instead of a localization task (i.e.,

sisted of a pair of larger bars. It was equally likely at

a decision whether the singleton-cue was left or right)

one of the four positions. Concomitantly with the target,

was used in the SD block to prevent application of

four masking boxes were shown, one at each of the

task sets from RT to SD blocks and, hence, minimize

four positions. The size of the boxes in the target array

the chance that nonconscious motor activation effects

(0.9° × 1.4° with an outline width of 0.18°) was such

of masked singleton-cues contaminated measures of

that the inner contours of the masking boxes ﬁtted ex-

SD performance.

actly around the outer contours of the singleton-cue. The
inter-trial interval varied from 3,290 ms to 3,695 ms.

A detection judgment was required in each of the
trials of the SD task. Participants were encouraged to

In a quarter of the trials, a masked singleton-cue

guess when they did not see whether or not a sin-

preceded the target at its position. This was the same-

gleton-cue was presented. Prior to the SD block, the

-side/congruent or valid condition. In another quarter of

sequence of events was shown in slow-motion to give

the trials, a masked singleton-cue was presented at the

the participants an idea of what to search for. The two

same elevation (i.e., in the same vertical hemiﬁeld) as the

possible S-R mappings for present vs. absent judg-

target but on the opposite horizontal side. This was the

ments were balanced across participants. No ERPs

different-side/congruent condition. In the remaining half

were recorded in the SD blocks. Otherwise the proce-

of the trials, the masked singleton-cue was shown with

dure was exactly the same as that in the RT blocks.

an elevation different from the target. These were the
incongruent conditions. Again, the incongruent singleton-

EEG data recording and analysis

-cue either was presented at the same horizontal side as

Horizontal and vertical EOG (Electroculogram), and

the target (same-side/incongruent condition) or the in-

EEG (Electroencephalogram) were recorded with Ag/AgCl

congruent singleton-cue and the target were on opposite

electrodes. Recordings were obtained from scalp sites

horizontal sides (different-side/incongruent condition).

F3, Fz, F4, Cz, P3, Pz, P4, and Oz of the international

Target and singleton-cue were presented with equal

10-20 system, and from C3’ and C4’ (located 1 cm

probability at each of the four positions, and the sin-

anterior of C3 and C4), and from OL and OR (located

gleton-cue was nonpredictive: It neither predicted the

half-way in between O1 and T5 and in between O2 and

likely position of the target nor the likely response.

T6). The electrode signals were referenced to an aver-

Participants responded to the position of the target.

age of the left and right earlobes. The ground electrode

Half of the participants pressed a right-hand response

was placed on the forehead. EEG was recorded with

button if the target was above ﬁxation, and a left-hand

a rate of 250 samples per second and low-pass ﬁltered

response button if the target was below ﬁxation. This

at 40 Hz. Separate ERPs for the different conditions were

S-R (Stimulus-Response) mapping was reversed for

averaged, time-locked to the onset of the singleton-

the other half of the participants.

-cue. Therefore, throughout, ERP latencies are from the

After instruction and brief practice of approximately

singleton-cue’s onset. Amplitudes of the potentials were

40 trials, participants went through 800 experimental

differences to the activity in a 100 ms pre-cue baseline.

trials. Together with the mounting of the electrodes

Prior to the data analysis, trials with incorrect responses,

and short rests (every 100 trials by default, and when-

ocular artifacts (blinks or large eye movements), muscle

ever the participants felt they needed a rest) the ex-

artifacts, or ampliﬁer saturation were excluded. To that

periment took about one hour.

end, we removed any trials that met one of the following
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Table 1
Reaction Times (in Milliseconds), and Error Rates (in percent; given in parentheses) as a function of Condition (Same Side: cue
on same side as the target; Different Side: cue on different side than the target; Same Elevation: cue at same elevation as the
target; Different Elevation: cue at different elevation than the target) and Experiment (1-3). Exp.: Experiment.

Exp.

1
2
3

Valid/Same
Side/Same
Elevation

Different
Side/Same
Elevation

Same Side/
Different
Elevation

440 (5.3)
554 (5.9)
570 (7.5)

468 (6.3)
560 (6.0)
577 (8.3)

477 (6.3)
562 (5.7)
576 (7.4)

Different
Side/
Different
Elevation
475 (7.5)
565 (6.5)
578 (8.3)

Maximum
Cueing Effect
33 (2.2)
11 (0.6)
8 (0.8)

criteria: (1) amplitudes exceeding 100 µV at any record-

same-side/incongruent vs. different-side/incongruent)

ing channel, (2) amplitudes exceeding 50 µV at one of

as a variable, yielded the following results. Where ap-

the EOG channels, (3) amplitudes of 0 µV during the

propriate, here and in later analyses, degrees of free-

complete recording epoch at any channel.

dom were corrected by the Greenhouse-Geisser coefﬁ-

In the following, we restrict our report to the ERLs

cient ε, and the corrected alpha levels are given (Hays,

(Event-Related Lateralizations) from OL/OR. ERLs

1988). There was a signiﬁcant main effect of cue-tar-

were derived by subtracting averages ipsilateral to

get position in the RTs, F(3, 42) = 41.60, p < .01.

the target from averages contralateral to the tar-

RT was lower in same-side/congruent condition (440 ms)

get. Note that in contrast to many previous studies

than in different-side/congruent condition (468 ms),

(cf. Woldorff, 1993), the activity which was evoked

t(14) = 7.8, p < .01, and than in both incongruent

by the singleton-cue was not ﬁltered out. Thus, in

conditions (same-side: 477 ms, different-side: 475 ms)

the current study, ERLs reﬂected the amount of ac-

both ts(14) > 7.7, both ps < .01. RTs in different

tivation to one side as a function of both stimuli, the

invalid conditions were not signiﬁcantly different from

masked, nonpredictive, peripheral singleton-cue and

one another, t(14) < 2.4, p = .03 (Bonferroni corrected

the relevant target.

signiﬁcant α level = .017).

ERLs were computed by ﬁrst computing two aver-

The effect of cue-target position was not signiﬁcant

ages for each condition and subject; one for trials in

in an analysis of the arc-sine transformed error rates,

which the cue appeared on the left side, one for tri-

F(3, 42) < 1.0. However, numerically, error rate effects

als with a right cue. For each of these averages we

were in a similar direction as RT effects: Error rate

computed the difference of the contralateral and the

was lower in same-side/congruent conditions (5.3%)

ipsilateral electrode, and then averaged those differ-

than it was in the different-side/congruent condition

ences for left and right averages.

(6.3%), and it was highest in the incongruent conditions

Results
SD task
d’ was calculated individually for each participant
(Green & Swets, 1966). A t test of the average d’
across participants against zero revealed a residual
but very low capacity to detect the masked singleton-cue (d' = 0.09, t[17] = 2.43, p < .05).

RT task

(same-side:

6.3%,

different-side:

7.5%).

Therefore, a speed-accuracy trade-off cannot account
for the RT effect of the masked singleton-cue.

ERLs
As can be seen in Figure 2, beginning at 150-200 ms
post cue, ERLs started to become negative in the same-side conditions, but initially were positive in the different-side conditions, whereas after about 300-350 ms,
ERLs were negative in all of the conditions. This observation is consistent with an attentional capture effect

See Table 1 for the results of all experiments. Of

of the masked singleton-cue that has a maximum at

the 18 participants, 3 had to be excluded due to an

about 200 ms to 250 ms after cue onset, with atten-

excessive (> 70%) amount of blink or eye movement

tion being shifted to the side of the target in the same-

artifacts. Out of all 12,000 responses, 5 were excluded

side conditions, but to a side opposite of the target

because they were faster than 100 ms or slower than

in the different-side conditions. To test the effect of

1,000 ms. Separate ANOVAs (Analyses of Variance)

the cue on the lateralized potentials, we computed the

on RT and error rates, with cue-target position (same-

average amplitude for each subject in each condition

-side/congruent [valid] vs. different-side/congruent vs.

in a window ranging from 200 ms to 250 ms after cue
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same side, same elevation
same side, different elevation
different side, same elevation

Amplitude

different side, different elevation

100 ms

Time

Figure 2

PCNs (Posterior Contralateral Negativities) at lateral occipital electrodes (OL/OR) as a function of cue-target side relation
(same or different) and cue-target elevation relation (same or different) in Experiment 1. The masked singleton-cue was presented at a time point corresponding to the position of the y axis. Mean amplitudes were averaged across a temporal window
indicated by the rectangle.

onset. The average values were then subjected to an

pense of an optimal processing and a maximal effect of

ANOVA with the variables side (same vs. different)

the masked primes (cf. Ansorge, 2004).

and elevation (same vs. different, i.e. congruent vs.

The most important result, however, is that atten-

incongruent). The ANOVA revealed a signiﬁcant main

tional capture by the masked singleton-cue was also

effect of side, F(1, 14) = 6.5; p < .05. Neither the

evident in the PCN. When the masked singleton-cue was

main effect of elevation/congruence, F(1, 14) = 1.0;

on the same horizontal side as the target, the PCN was

p = .33, nor the interaction, F(1, 14) = 1.07, p = .32,

more negative at a location contralateral to the target,

was signiﬁcant.

right from the onset of the component. However, when
the masked singleton-cue was on the horizontal side op-

Discussion

posite of the target, at PCN onset, the component was

Results corroborated the assumption that a masked

singleton-cue. Only somewhat later did the PCN change

singleton-cue captures attention. A valid singleton-cue

its location and become more negative on the horizon-

(same-side/congruent condition) reduced RT rela-

tal side contralateral to the target (see Figure 2). Thus,

tive to an invalid singleton-cue (all other conditions),

we replicated results of Jaśkowski et al. (2003) with the

although the singleton-cues were very well masked

current procedure. What is more, the PCN (amplitude)

and, thus, almost completely invisible. In comparison

was not affected by response-congruence. This ﬁnding

to previous investigations, the RT validity effect was

corroborates the conclusion that the PCN effect reﬂects

reduced, and we found no reliable RT advantage in the

attentional processes rather than sensorimotor effects

invalid/congruent condition relative to the invalid/incon-

of the masked singleton-cue.

more negative at a location contralateral to the masked

gruent condition (Ansorge & Neumann, 2005; Neumann

Yet from Experiment 1 alone, one cannot tell wheth-

& Klotz, 1994). Possibly, the necessity to keep the eyes

er the RT effect and the PCN effect of the masked

at ﬁxation in the present ERP study but not in the past

singleton-cue were due to bottom-up capture or to

investigations created a dual-task condition at the ex-

contingent involuntary orienting. In particular, due to
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a close match between the features of the singleton-

box. Participants were required to respond to the posi-

-cue and the set of relevant target features, the capture

tion of the red target bar relative to that of the black

effect might reﬂect top-down contingent involuntary

box and target bar at the same relative screen position

orienting of attention to the singleton-cue (cf. Ansorge,

(and not to the position of the two bars relative to the

2004; Ansorge & Neumann, 2001, 2005; Scharlau &

screen center as before). Half of the participants had

Ansorge, 2003; Woodman & Luck, 2003). This pos-

to press the left key if the red bar was above the box

sibility was tested in the following experiments.

and the right key if the red bar was below the box. The
other half of the participants had an inverted S-R map-

EXPERIMENT 2

ping. Otherwise the procedure was exactly the same as

In Experiment 2, we tested whether the attentional

-cue again consisted of two black bars. Therefore, the

capture effect of the masked singleton-cue is top-

match between the set of searched-for target features

down contingent or whether it is stimulus-driven.

(a red bar) and the features of the singleton-cue (black

To that end, we reduced the similarity between the

bars) was greatly reduced. Second, we did not use an

target and the singleton-cue. Thus, in the present

SD task. A former study suggests that using red as the

experiment, the masked singleton-cue matched less

color of one of the target bars does not affect perfor-

well to the set of target features. Previous observa-

mance in an SD task (cf. Ansorge & Neumann, 2005).

in Experiment 1. In particular, the masked singleton-

tions suggest that, under these conditions, the RT
capture effect of the masked singleton-cue is strongly
reduced or absent (cf. Ansorge et al., 2002; Ansorge
& Neumann, 2001, 2005). Therefore, it seems as if

Results
RTs

involuntary orienting of attention to the masked sin-

See Table 1 for the results of all experiments. The

gleton-cue is contingent on the singleton-cue match-

data of 8 of the participants had to be excluded due

ing the top-down control settings.

to artifact rates above 70%, leaving the data of 26

Crucially, however, this conclusion is based on RT

participants. Out of all remaining responses, 2.3%

evidence. Yet mean RT might be a measure which is not

were excluded because they were faster than 100 ms

particularly sensitive to the stimulus-driven capture ef-

or slower than 1,000 ms. Separate ANOVAs on RT

fect of the nonmatching singleton because RT pinpoints

and error rates, with cue-target position (same-side/

the effect at a relatively late point in time. According to

same-elevation [valid] vs. different-side/same-eleva-

a deallocation explanation, the nonmatching singleton-

tion vs. same-side/different-elevation vs. different-

-cue captures attention but, thereafter, attention

-side/different-elevation) as a variable, yielded the

is quickly deallocated away from the nonmatching

following results. There was a signiﬁcant main effect of

singleton-cue (cf. Theeuwes, 1994). Therefore, we

position in the RTs, F(3, 75) = 12.5, p < .01. RT was

might ﬁnd more evidence for the stimulus-driven

lower in (valid) same-side/same-elevation (554 ms)

capture effect of the nonmatching singleton-cue in

conditions than in all the other (invalid) conditions

a measure such as the PCN, which temporally pre-

(same-side/different-elevation:

cedes the overt response.

ferent-side/same-elevation: RT = 560 ms; different-

RT = 562 ms;

dif-

side/different-elevation: RT = 565; all ts[25] > 3.1, all

Method

ps < .01). There were no signiﬁcant differences be-

Participants

(Bonferroni corrected signiﬁcant α level = .017). Also,

tween the invalid conditions, all ts < 2.3, all ps > .03

Thirty-four students (19 female, 15 male) at Bielefeld

the effect of cue-target position was not signiﬁcant in

University, Bielefeld, Germany, with a mean age of 27

an analysis of the arc-sine transformed error rates,

years participated in Experiment 2. Participants were

F(3, 75) = 1.1, p = .3.

paid, and had normal or corrected-to-normal vision.

ERLs
Apparatus, stimuli, procedure, recording,
and analysis

See Figure 3 for the results. As in Experiment 1, we
tested the effect of the cue with a 2-way ANOVA which

These were the same as in the previous experiment,

yielded the following results: The main effect of side

except for the following changes. First, in each trial, one

was signiﬁcant, F(1, 25) = 12.0; p < .01, and neither

of the clearly visible target bars was red; either the bar

the main effect of elevation nor the interaction were

below the masking box or the bar above the masking

signiﬁcant, both Fs(1, 25) < 1.
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same side, same elevation
same side, different elevation
different side, same elevation

Amplitude

different side, different elevation

100 ms

Time

Figure 3

PCNs (Posterior Contralateral Negativities) at lateral occipital electrodes (OL/OR) as a function of cue-target side relation
(same or different) and cue-target elevation relation (same or different) in Experiment 2. The masked singleton-cue was presented at a time point corresponding to the position of the y axis. Mean amplitudes were averaged across a temporal window
indicated by the rectangle.

Discussion

compared with the preceding, experiment could have

In the current experiment, we obtained a residual

increased RTs so that short-lived effects of the invis-

attentional capture effect of the nonmatching single-

ible stimulus (cf. Greenwald, Draine, & Abrams, 1996;

ton-cue: There was a reliable 11 ms RT advantage

Rossetti, 1998) had a higher probability of having de-

in the valid (same-side/same-elevation) condition

cayed at the time of the overt response. However, three

as compared with all the invalid conditions. This re-

lines of evidence suggest that the passage of time be-

sult is not in line with that of a previous investiga-

tween an invisible stimulus and an overt response is not

tion in which we found no signiﬁcant capture ef-

sufﬁcient to explain the results. First, similar RT effects

fect under very similar conditions (cf. Ansorge &

with invisible stimuli have been found with spatially

Neumann, 2005). Possibly, the larger data sample

compatible and spatially incompatible responses, al-

per average in the current, relative to our former,

though the latter are consistently slower than the former

investigation increased the power sufﬁciently to yield

(cf. Leuthold & Kopp, 1998; Neumann & Klotz, 1994).

a signiﬁcant residual capture effect. In any case, de-

Second, RT effects with invisible stimuli are the same for

creasing the match between the masked singleton-

different parts of the RT distribution (cf. Experiment 3

-cue and the set of searched-for target features from

of Ansorge, 2004). Third, RT effects with invisible

Experiment 1 to 2 apparently decreased the RT cap-

stimuli are equally strong

ture effect: The RT effect of the masked singleton-cue

sponses, although the former are slower than the

was strongly reduced (to 11 ms) by 22 ms as com-

latter (cf. Ansorge, Klotz, & Neumann, 1998; Eimer &

pared with that of the preceding experiment (33 ms),

Schlaghecken, 2001).

F(3, 39) = 22.8, p < .01, for an interaction of Side/Elevation × Experiments (1 vs. 2).

for vocal and manual re-

It is most important to note, however, that, in
contrast to the RT capture effect of the masked

It might be objected that the slightly more demand-

singleton-cue, the PCN effect of the singleton-cue

ing task (i.e., the discrimination of relative ﬁne spatial

was not signiﬁcantly reduced in the current experi-

differences between target positions) in the present, as

ment relative to in the previous experiment (Fs < 1,
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for interactions of Side × Experiments, and of Side

responsible for the reduced RT capture effect, then we

× Elevation × Experiments). Once again, the PCN

should ﬁnd more evidence for attentional capture by the

which was evoked by the singleton-cue was evident

masked singleton-cue in the temporally preceding PCN.

from the reversal of PCN polarity in the different-side conditions but not in the same-side conditions
(see Figure 3). Therefore, it might well be that the
matching-to-nonmatching difference in the RT capture effect observed between Experiments 1 and 2
was due to different delays of deallocation rather
than to different amounts of top-down contingent
involuntary orienting.
In contrast to the PCN amplitude results, visual
inspection of Figures 2 and 3 suggests that top-down
settings might have at least affected PCN latencies
to some extent: PCN latency in same-side/different-elevation conditions was probably delayed relative
to the other singleton conditions in Experiment 1
but not in Experiment 2. Arguably, the PCN latency
difference reﬂects signiﬁcantly delayed RTs in incongruent same-side/different-elevation conditions of
Experiment 1, a tendency toward a speciﬁc RT effect
which was not observed in Experiment 2. This pattern, although not supported by a signiﬁcant interaction of the PCN amplitudes, seems to be in line
with recent ﬁndings indicating that PCN latencies are

Method
Participants
Eighteen students (7 female, 11 male) at Bielefeld
University, Bielefeld, Germany, with a mean age of 26
years participated in Experiment 3. Participants were
paid, and had normal or corrected-to-normal vision.

Apparatus, stimuli, procedure, recording,
and analysis
These were the same as in Experiment 2, except for
the following change. Known to the participants, the
number of possible positions of the red target bar was
reduced from four to two. For half of the participants,
the target was either at a position above/left or below/
right of ﬁxation. For the other half of the participants,
the target was either at a position above/right or below/left of ﬁxation.

Results
RTs

correlated with different search strategies and visual

See Table 1 for the results of all experiments.

discrimination requirements (cf. Wolber & Wascher,

The data of three participants had to be excluded from

2003, 2005). As already mentioned, the present

the analyses due to too many artifacts in the EEG

spatial discrimination task was slightly more difﬁcult

data according to the same criteria as in Experiments

than in the preceding experiment.

1 and 2. Separate ANOVAs on RT and error rates,
with cue-target position (same-side/same elevation

EXPERIMENT 3

[valid] vs. different-side/same-elevation vs. same-

In Experiment 3, we attempted to reduce the RT

ent-elevation) as a variable, yielded the following

capture effect of the masked singleton-cue further.

results. There was no signiﬁcant main effect of posi-

To that end, we once again reduced the similarity

tion in RTs and error rates, F(3, 42) = 1.8; p = .16.

between the set of searched-for target features and

RT was about the same in (valid) same-side/same-

the masked singleton-cue. The target was presented

-elevation (570 ms) conditions as compared with all

at only two of the four possible positions, whereas

the other (invalid) conditions (different-side/same-

the masked singleton-cue was again equally likely

-elevation: RT = 577 ms; same-side/different-eleva-

to be shown at each of the four positions. Previous

tion: RT = 576 ms; different-side/different-elevation:

observations suggest that, under these conditions,

RT = 578 ms). The analysis of the arc-sine trans-

an RT capture effect of a visible cue should fur-

formed error rates also yielded no signiﬁcant effect,

ther diminish because this manipulation decreased

F(3, 42) < 1.

-side/different-elevation

vs.

different-side/differ-

the match between the cue locations and the set
of searched-for target locations (cf. Ansorge &
Heumann, 2003).

ERLs
See Figure 4 for the results. The two-way ANOVA

Expectations were the same as before. If involun-

of the average amplitudes in the window 200-250 ms

tary orienting of attention to the masked singleton-cue

after cue onset yielded a signiﬁcant main effect for the

is contingent on a match of the singleton-cue to the

side variable, F(1, 14) = 6.9; p < .05, no signiﬁcant

top-down control settings, then RT and PCN capture

main effect of elevation, and no signiﬁcant interaction,

effects should be reduced. If, however, deallocation is

both Fs(1, 14) < 1.
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same side, same elevation
same side, different elevation
different side, same elevation

Amplitude

different side, different elevation

100 ms

Time

Figure 4

PCNs (Posterior Contralateral Negativities) at lateral occipital electrodes (OL/OR) as a function of cue-target side relation
(same or different) and cue-target elevation relation (same or different) in Experiment 3. The masked singleton-cue was presented at a time point corresponding to the position of the y axis. Mean amplitudes were averaged across a temporal window
indicated by the rectangle.

To compare the results for the PCN across experi-

with a deallocation account of the matching-to-non-

ments, we performed an ANOVA including the results

matching singleton-cueing effect difference than with

of Experiments 1-3, with the two within-participant

a contingent-involuntary-orienting explanation.

variables side (same vs. different) and elevation (same
vs. different), and the between-participants variable
experiment (1 vs. 2 vs. 3). The results conﬁrmed that

GENERAL DISCUSSION

side had a strong effect on the data, F(1, 53) = 22.2;

In the present study, we investigated whether an invisi-

p < .01, that variables experiment, F(2, 53) < 1, and

ble singleton-cue captures attention in a stimulus-driven

elevation had no reliable effect, F(1, 53) < 1, and that

manner or whether an involuntary orienting of attention

the effect of side was not signiﬁcantly modiﬁed by the

to the invisible singleton-cue is contingent on a match

variable experiment, F(2, 53) < 1, for the interaction

between the singleton and the top-down controlled set

of Side × Experiment. The other interactions were also

of searched-for target features. From Experiment 1 to

nonsigniﬁcant, all Fs < 1.

Experiment 3, we systematically decreased the degree
of the match between the invisible singleton-cue and

Discussion

the set of searched-for target features. In Experiment 1,

The match between the set of the searched-for target

target and in each trial it was presented at one of the

features and the masked singleton-cue was reduced

possible target locations. Thus, the match was good. As

in Experiment 3 relative to in Experiments 1 and 2. As

a consequence, and in keeping with previous observa-

a consequence, the RT capture effect of the masked

tions, effects of attentional capture were reﬂected both

singleton-cue was virtually abolished. However, as in

in overt performance (cf. Ansorge & Neumann, 2005)

Experiments 1 and 2, we obtained PCN evidence for

and in a PCN (cf. Jaśkowski et al., 2003). In valid condi-

the orienting of attention toward the masked single-

tions, in which cue and target were presented at the

ton-cue. This result is clearly much more consistent

same position, RT performance was facilitated relative
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to performance in all invalid conditions. Also, in same-

However, it is not necessary that the overt respons-

-side conditions, the invisible singleton-cue and the tar-

es also reﬂect this stimulus-driven capture effect. The

get were presented both on the same horizontal side. In

reason for this is that the overt response temporally

these conditions, right from the onset of the PCN, this

lags behind the PCN capture effect. Thus, the RT effect

component was more negative at scalp sites which are

might be more vulnerable to deallocation: Participants

contralateral to the target. By contrast, in different-side

have more time to deallocate their attention from

conditions, the invisible singleton-cue was on the oppo-

the invisible singleton-cue before they make an overt

site horizontal side to the target. In these conditions, at

manual response than before the PCN is generated.

its onset, the PCN was more negative at scalp sites con-

In conclusion, top-down control over the process-

tralateral to the invisible singleton-cue (see Figures 2-4).

ing of invisible information is seemingly exerted during

Only after some time, the PCN reverted its polarity to

a two-phase process. During the ﬁrst processing

become more negative at scalp sites which are contra-

phase, an invisible singleton automatically captures

lateral to the target (cf. Jaśkowski et al., 2003).

attention due to its salience (cf. McCormick, 1997).

In Experiment 2, the invisible singleton-cue had

During a second phase, however, if the singleton-

a color which was different from that of the target.

triggered process is not supported by information

Thus, the singleton-cue matched less well the set of

contained in a visible target stimulus, the shifting of

searched-for target features than in Experiment 1. As

attention to the invisible singleton is subject to self-

a consequence, and in keeping with previous observa-

inhibition of the attentional shift. According to this ex-

tions, the RT capture effect of the singleton-cue was

planation, de- or reallocation of visuospatial attention

reduced (cf. Ansorge et al., 2002; Ansorge & Neumann,

is due to a sequence of processes very similar to the

2005). By contrast, the PCN, taken as an alternative

self-inhibition of incipient responses activated by in-

measure of the attentional capture by the singleton-cue

visible stimuli (cf. Eimer & Schlaghecken, 1998; Klapp

was present in fairly similar amounts in Experiments 1

& Hinkley, 2002; Schlaghecken & Eimer, 2002;

and 2. Finally, in Experiment 3, the color of the invisible

see also Schlaghecken & Sisman, 2006, this issue;

singleton-cue was different from that of the target, and

for more reﬁned conceptions of the responsible

in half of the trials the singleton-cue was presented at

mechanism, see Lleras & Enns, 2004, 2005; Verleger,

a position at which the target was never shown. Thus,

Jaśkowski, Aydemir, van der Lubbe, & Groen, 2004).

the match between the features of the singleton-cue

However, it is also clear that the masked single-

and the set of searched-for target features was further

ton-cue in the current investigation created a more

decreased as compared with the previous experiment,

salient signal at one position than the concomitantly

and, as a consequence, the RT capture effect of the in-

presented stimuli (i.e., the small boxes) at the remain-

visible singleton-cue was virtually abolished. However,

ing positions. Therefore, it is also possible that the

we still found evidence for attentional capture by the

observed PCN effect (partly) reﬂects initial stimulus-

invisible singleton-cue in the PCN.

-driven cortical activation by the masked singleton-cue

In summary, the results support the assumption

instead of attentional capture by the cue (cf. Näätänen

that the invisible singleton-cue captured attention in

& Michie, 1979; Valle-Inclán, 1996). In future studies,

a stimulus-driven manner – that is, regardless of

it should be tested whether the observed pattern of

whether or not the singleton-cue matched the partici-

results generalizes to conditions with concomitant and

pants' intentions. This observation is consistent with

equally salient matching, and less-matching, meta-

many results showing that clearly visible singletons also

contrast-masked nontarget stimuli on opposite sides.

capture attention, irrespective of whether or not they
match a set of searched-for target features (cf. Bacon
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