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The detection of a salient visual target embedded in a rapid serial visual presentation (RSVP) can
be severely affected if target-like distractors are presented previously. This phenomenon, known as
distractor-induced blindness (DIB), shares the prerequisites of contingent attentional capture (Folk,
Remington, & Johnston, 1992). In both, target processing is transiently impaired by the presentation of distractors defined by similar features. In the present study, we investigated whether the
speeded response to a target in the DIB paradigm can be described in terms of a contingent attentional capture process. In the first experiments, multiple distractors were embedded in the RSVP
stream. Distractors either shared the target’s visual features (Experiment 1A) or differed from them
(Experiment 1B). Congruent with hypotheses drawn from contingent attentional capture theory,
response times (RTs) were exclusively impaired in conditions with target-like distractors. However,
RTs were not impaired if only one single target-like distractor was presented (Experiment 2). If attentional capture directly contributed to DIB, the single distractor should be sufficient to impair
target processing. In conclusion, DIB is not due to contingent attentional capture, but may rely on
a central suppression process triggered by multiple distractors.

Introduction
The never-ending stream of visual information in every-day environ-

more efficient target processing (Bundesen, 1990)—irrelevant stimuli

ments on the one hand, and our limited capacity to fully process infor-

are suppressed (Desimone & Duncan, 1995). Recent evidence suggests

mation on the other hand force us to prioritize incoming information.

that in case of predefined distractor features this may be achieved

Most theories of visual attention assume that, apart from bottom-up

through a template for rejection, or a negative attentional set (Arita,

mechanisms, it is the top-down information that determines whether

Carlisle, & Woodman, 2012; Müller, Humphreys, & Donnelly, 1994;

or not a stimulus is selected for further processing (Bundesen, 1990;

Woodman & Luck, 2007; D. Zhang, Zhou, & Martens, 2009). A nega-

Desimone & Duncan, 1995; Treisman, 1988; Wolfe, 1998). Target-

tive attentional set leads to the inhibition of stimuli with distractor-like

defining visual features, such as colour, form, or orientation, are thought
to be specified in an attentional set, or target template, that is controlled
by a network of prefrontal and parietal brain areas (Gazzaley & Nobre,
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features (see Olivers & Watson, 2006, for an example in rapid serial

capture have been extended to the temporal domain, too (Dalton &

visual processing, RSVP).

Lavie, 2006; Folk et al., 2008; Ghorashi, Zuvic, Visser, & Di Lollo, 2003;

However, an attentional set may not always be fine-tuned to the

Maki & Mebane, 2006; Visser, Bischof, & Di Lollo, 2004). Distractor

stimuli at hand. For example, a distractor that possesses target prop-

stimuli that are presented prior to the target in an RSVP stream lead to

erties under certain circumstances may accidently be enhanced. The

increased RTs or even prevent the target from being detected, although

latter phenomenon has been termed contingent attentional capture,

no response to the distractor stimulus is required. As in the spatial

first described by Folk, Remington, and Johnston (1992), and observed

domain, this phenomenon is present when distractor and target share

in many different paradigms since then (e.g., Dalton & Lavie, 2006;

the same visual features (Folk et al., 2008, 1992; Folk, Leber, & Egeth,

Ruz & Lupiáñez, 2002). Contingent attentional capture relies on spatial

2002).

shifts of the attentional focus evoked by single distractors (Folk et al.,

Another mechanism induced by a (negative) attentional set has

1992; Posner, 1980). According to the contingent involuntary orienting

been assumed in distractor-induced blindness (DIB; Hesselmann,

hypothesis (Folk et al., 1992), distractors trigger an involuntary orient-

Niedeggen, Sahraie, & Milders, 2006; Michael, Hesselmann, Kiefer,

ing response: If irrelevant stimuli share the properties of the target,

& Niedeggen, 2011; Michael, Kiefer, & Niedeggen, 2012; Niedeggen,

these stimuli capture attention and, if presented away from the targets

Hesselmann, Sahraie, Milders, & Blakemore, 2004; Sahraie, Milders,

or if competing with target processing for other reasons, subsequently

& Niedeggen, 2001). While in contingent attentional capture the per-

increase response times (RTs) to targets. Recent evidence suggests that

formance deficit is thought to be due to involuntary processing of a dis-

the specificity of attentional control settings varies in response to differ-

tractor preceding the target (an overshooting target template), DIB has

ent task demands, depending on what search strategy is most efficient

been proposed to be based on cumulative inhibitory processes evoked

(Atchley, Kramer, & Hillstrom, 2000; Chua, 2015; Folk & Remington,

by multiple distractors (an overshooting distractor template). In the

1998; Moore & Weissman, 2010). The attentional system can be set for

DIB task (see Figure 1), two RSVPs are simultaneously presented. In

a particular colour or a specific set of colours (e.g., Folk & Remington,

the local RSVP stream, a fixation point changes its colour at a rate of

1998; Moore & Weissman, 2010), stimulus offset (vs. onset; Atchley et

10 Hz, while in the global stream a set of tilted bars moves randomly

al., 2000), translational motion (vs. rotational motion; Folk, Hackman,

on the screen. Participants are instructed to attend to the local stream

& Brady, 2002, as cited by Folk, Leber, & Egeth, 2008), and rotational

until its colour transiently changes to red (cue) and then instantane-

motion (vs. onset; Chua, 2015).

ously direct attention to the global stream, where in some trials all bars

The top-down modulation assumed is manifested most promi-

change their orientation (target). Participants are instructed to report

nently in spatial cueing paradigms (Ruz & Lupiáñez, 2002). However,

the detection of the target. Occasionally, changes in orientation of the

it has been demonstrated that a spatial shift of attention is not nec-

bars occur before the onset of the cue. They are defined as distractors,

essary, as the time taken to process the distractor is sufficient to im-

since they share the visual characteristics of the target and participants

pair performance: Findings regarding the contingency of attentional

are instructed to ignore them.

Figure 1.
Stimulus Configuration. A: Schematic display of global and local stimuli as presented on the screen. B: Example of the global
stream event. Flip of orientation from rightwards to leftwards (above, Experiment 1A); coherent motion of the bars (below,
Experiment 1B). C: Stimulus sequence, where bars in the periphery are following a random walk algorithm while the fixation
circle changes its colour at a rate of 10 Hz. Distractor events are defined as flips of orientation (above, Experiment 1A) or as
coherent motion of all bars (below, Experiment 1B) in the global stream preceding the cue. The fixation points’ transient colour
change to red serves as the cue and the simultaneous/subsequent flip of orientation in the global stream is defined as the
target.
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It has been demonstrated repeatedly that the detection of a target

ing would only be the—potentially multiplicative—consequence of the

stimulus in the DIB paradigm is substantially impaired when it is pre-

effect the distractor had on cue processing. Furthermore, the SOA-0

sented in close temporal proximity to a cue and preceded by target-like

condition is not contaminated by possible alternative search strategies

distractors (Hesselmann et al., 2006; Michael et al., 2011; Sahraie et

(such as the use of the temporal distance between orientation flips as

al., 2001). We assume that this effect is mainly caused by a sluggish

an index of target presence).

inhibition process in response to the distractors that builds up with

The drop in accuracy in response to distractors would replicate our

an increasing number of distractors and—due to its sluggish nature—

earlier findings on DIB (Hesselmann et al., 2006; Michael et al., 2011;

erroneously prevents the target from being detected (e.g., Niedeggen

Niedeggen et al., 2012; Sahraie et al., 2001), while the additional assess-

et al., 2004).

ment of RT data would provide a validation for the finding. Experiment

It has already been stated that DIB shares some properties with

1B was designed to evaluate the contingency of the visual feature of

contingent attentional capture (Niedeggen, Michael, & Hesselmann,

distractor and target in the speeded response task (for detection rate,

2012). In both paradigms, top-down control mechanisms are involved,

see Michael et al., 2011). Distractor events consisted of a coherent mo-

since distracting stimuli are only eﬀective when they share visual

tion of the bars instead of orientation flips. In contrast to Experiment

characteristics with the upcoming target. Moreover, distractors are

1A, distractors in Experiment 1B did not share the target’s features. In

clearly recognizable as such and are to be ignored (see, e.g., Theeuwes,

a previous experiment (Michael et al., 2011) distractor features that

Atchley, & Kramer, 2000, for the impact of saliency and the degree of

differed from the target feature did not affect the hit rate. However, the

similarity). Therefore, it is likely that attentional capture—in the tem-

effect on the speeded response remained to be explored. According to a

poral context defined as the involuntary processing of a distractor and

contingent attentional capture account, the incongruent distractors are

a subsequent impairment of target processing—may contribute to the

expected to impair neither the accuracy nor the RTs. They are assumed

distractor-induced blindness effect.

not to engage attentional resources and, therefore, not to affect process-

The present study is designed to test this hypothesis. On account of

ing of the cue-target complex.

this, we evaluated RTs in addition to hit rates as a dependent measure.

Note that stimuli in Experiment 1B are moving randomly through-

Studies on contingent attentional capture, especially when based on

out the whole trial and do not include motion onsets (a prime suspect

a binary response, often rely on RT measurement as the impairment

of bottom-up attentional capture, see Abrams & Christ, 2003; Chua,

by and recovery from distractor processing follows a gradual timeline

2015).

(Folk et al., 2008; Ghorashi et al., 2003; but see also Pashler, 1994). In
contrast to the detection rate, RTs provide a more sensitive measure

Subjects

of performance as they can be affected even if no difference between

Thirty-two healthy volunteers with normal or corrected-to-normal

conditions can be found in accuracy (e.g., if hit rates are at ceiling;

vision and normal colour vision participated in the study. Sixteen

Prinzmetal, McCool, & Park, 2005).

participated in Experiment 1A (12 females, aged between 20 and 32
years, Mage = 24.31, SD = 3.42) and 16 participated in Experiment 1B

Experiments 1A and 1B
In Experiment 1A, the standard DIB task (Michael et al., 2011; Sahraie
et al., 2001) was used: Subjects were instructed to detect a flip in orientation of the bars that appeared simultaneously with or following the
onset of a colour cue (see Figure 1). The onset of the cue was either
preceded by multiple distractor episodes (4-8) or by a distractor-free
epoch. To allow for a direct comparison between the current speeded
response design and previous DIB experiments (e.g., Hesselmann et
al., 2006; Sahraie et al., 2001), the cue-target stimulus onset asynchronies (SOAs) were varied systematically.
If contingent attentional capture takes place in the current DIB design, the presentation of target-like distractors (Experiment 1A) should
lead to increased RTs and reduced detection rates when presented in
temporal proximity to the cue-target complex. The effect should be
clearest when cue and target are presented simultaneously (SOA-0
condition). In this condition—due to the relatively short distractortarget SOA—a direct effect of distractor processing on target processing can be expected. An increasing cue-target SOA is accompanied by

(12 females, aged between 18 and 34 years, Mage = 25.63, SD = 4.22).
All subjects gave written consent and received course credit for their
participation. The study was approved by the ethics committee of the
Freie Universität Berlin.

Apparatus and Arrangement
The study took place at the EEG lab of the Freie Universität Berlin.
Colour vision was assessed by colour panels (Velhagen & Broschmann,
2003). The experiment was carried out in a noise-shielded chamber
with dimmed lights. The subjects were seated in front of a 21 in. CRT
display (refresh rate of 100 Hz) in a viewing distance of approximately
57 cm. Stimuli were presented on the screen within a dark grey square
(the square background, 25° × 25°, average luminance of 19.2 cd/m²)
that was surrounded by a light grey background (average luminance
of 31 cd/m²).
In a training session containing 40 trials, participants first learned
to distinguish between target versus no-target conditions in RSVP sequences without distractors. In the second part of the training session,
trials containing distractors were presented.

the increased probability that distractor processing is completed by the
time of target presentation. At that point, an effect on target process-
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Stimuli, Procedure, and Design:
Experiment 1A
The main experiment consisted of 431 trials. The participant started
each trial by a button press. At the beginning of each trial, 150 small
bars defined by three dots each (0.18° in diameter, average luminance
of 146 cd/m²) appeared at random locations on the square background. The bars were continuously moving following a random walk
algorithm. All of them were tilted either toward the left or the right side
and oriented in the same direction.
A light grey circular field (3.5° in diameter, average luminance of
31 cd/m²) was displayed in the centre of the square background. In
the centre of this field, a coloured circle (0.5° in diameter, average luminance of 25 cd/m²) was presented. The circle changed its colour at a
rate of 10 Hz. During each trial of the task, observers were required to
maintain fixation on it.
The participants were instructed to attend to the coloured circle (the
local stream) until its colour changed to red for 100 ms. This transient
colour change served as a cue and occurred only once per trial. When
detecting the cue, participants were required to decide whether the
moving bars in the periphery (global stream) flipped their orientation
coherently. This event was labelled as the “target”. The target appeared
simultaneously with the cue onset (SOA 0, 75 trials), or with an SOA
of 100 ms (SOA 100, 66 trials), 200 ms (SOA 200, 60 trials), or 500 ms
(SOA 500, 60 trials). In 90 trials, no target was presented at all. The
SOA-500 condition was added to provide a baseline, with performance
in both distractor conditions at ceiling.
When detecting a target, participants had to press a button on a
button box (CT-3, Cambridge Research Systems) as quickly as possible. The trial continued for 1,300 ms after the appearance of the target.
In trials without targets, no response was required. After cue onset, the
trial continued for approximately 1,500 ms (± 200 ms). Then, the colour changes of the fixation as well as the movement of the bars stopped,
also indicating that a response was not registered any longer. The total
duration of each trial was variable, depending on the duration of the
pre-cue epoch.
The statistical analysis was focused on the trials in which the cue
appeared at a random point in time within the interval of 2,200 to 3,000
ms after trial onset (351 out of 431 trials). In 186 trials (SOA 0, 45 trials;
SOA 1, 36 trials; SOA 2, 30 trials; SOA 5, 30 trials; no target, 45 trials),
flips of orientation (distractors) occurred before the cue was displayed.
Participants were instructed to ignore these events. The number of
distractors presented in each trial was four, six, or eight (62 trials each,
15 of which without target). The varying number of distractors was
implemented to avoid temporal expectation regarding the onset of the
cue. Distractors did not appear sooner than 300 ms after trial onset and
were separated by time intervals of at least 100 ms. The final distractor
in each trial appeared at 500-800 ms before cue onset, resulting in a
distractor-target SOA never exceeding 800 ms at (cue-target) SOA 0.
Based on results of previous DIB studies (e.g., Hesselmann et al., 2006),
we added more trials with distractors to the SOA-0 condition, which
is characterized by a considerable rate of misses for the target. The addition of trials in this condition, therefore, intended to counterbalance
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the subjective probability of the different cue-target SOA conditions.
DIB has been shown to be robust against changes of the proportion of
trials per condition (see, e.g., Niedeggen, Busch, & Winther, 2015).
In the remaining trials (80 out of 431), the cue appeared early
(1,000-1,800 ms after trial onset). These catch trials were included to
maintain the participants’ attention on the local stream at the beginning of the trial and were not subject to further analysis.
The proportion of different SOA and distractor conditions in catch
trials was equivalent to that in experimental trials. In catch trials, distractor conditions included fewer distractors (between one to five).
The number depended on the cue onset, considering the restraints in
distractor presentation that are mentioned above. After target presentation, no further orientation flip occurred.

Stimuli, Procedure and Design:
Experiment 1B
In contrast to Experiment 1A, the transient events in the pre-cue epoch
did not show the defining visual feature of the target (orientation flip
of the elements) but were defined by a coherent motion of all bars for
100 ms. As stated in more detail in our previous publications (Michael
et al., 2011, 2012), the salience of the coherent motion is comparable to
the salience of the flip of orientation and can be detected easily.
To maintain the participant’s attention on the local stream, we
included 41 trials without a cue (17 of which without distractors; 11
of which without targets). This was necessary because the target event
differed from the distractor events. If the cue had reliably been presented on every trial, participants could have easily solved the task by
waiting for the single flip of orientation in the global stream without
paying attention to the local stream at all. To compensate for the additional control trials, the number of trials per experimental condition
was slightly reduced. Therefore, the total number of trials (i.e., the
duration of the experiment) did not diﬀer between Experiments 1A
and 1B. Sixty-six trials with an SOA of 0 ms, 57 trials with an SOA of
100 ms, and 54 trials with an SOA of 200 ms and 500 ms, respectively,
were presented. (Twenty-seven trials per SOA condition were without
distractors.) Seventy-nine trials did not contain a target (40 of which
without distractors). Again, only trials with a cue at 2,200 to 3,000 ms
were analysed (310 out of 431). The proportion of trials with zero versus four, six, and eight distractors, respectively, remained the same as in
Experiment 1A (62 trials per distractor condition, 15 of which without
a target and eight of which without a cue).
In both experiments, the random order of all conditions was generated offline prior to the experiment and was different for each participant. The total duration of the experiment was approximately 1 hr.

Data Analysis and Results:
Experiments 1A and 1B
In both experiments, the three distractor conditions (four vs. six vs.
eight distractors within a trial) were collapsed in each analysis in order
to increase the number of trials per condition. Experimental effects were
analysed using a repeated-measures analysis of variance (ANOVA),
including the within-subject factors of Distractors (2) and SOA (4),
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and the between-subjects factor of Feature Similarity or Experiments

SOA conditions). Please note that the experimental procedure did not

(2). In case of a significant interaction, Bonferroni-corrected pairwise

require a forced-choice discrimination concerning the expression of a

comparisons were performed.

target feature, but its mere detection. In an earlier study (Niedeggen,
Sahraie, Hesselmann, Milders, & Blakemore, 2002), we demonstrated

Target detection

that discrimination is at chance level if the target is not detected. The

In 2.08% of the trials (SD = 6.08%; MExp1A = 2.17%, SD = 6.74%;
MExp1B = 2.00%, SD = 5.42%), the button was pressed too early—that is,

overall proportion of guesses is—with reference to the relatively low
false alarm rate—thought to be minor.

prior to target appearance. These trials were generally excluded from

Reaction time

the calculation of accuracy.
In trials without targets, the false alarm rate was 10.33% on average

Participants’ correct RTs (see Figure 2B) were analysed. In order to

(SD = 12.01%), indicating a rather conservative response criterion of

reduce the influence of outliers and increase the statistical power, all

the participants. A repeated-measures ANOVA revealed no significant

RTs that were further from the participants’ mean RT than 2 SDs were

distractor effect in false alarm rates, but a significant interaction with

not included into the analysis (Ratcliff, 1993; van Zandt, 2002).

the between-subjects factor of Feature Similarity, F(1, 30) = 4.85, p

Following Figure 2B, the mean RT was increased if distractors were

< .04, ηp2 = .14. Post-hoc tests showed that the trials with distractors

presented, and this effect appears to be reduced with increasing cue-

led to a significantly higher false alarm rate in Experiment 1A, t(15) =

target SOA. Again, there is a distinct distractor effect at SOA 0. In line

-2.70, p < .02, but not in Experiment 1B (p > .05).

with the hit rates, this effect appears to be present only in Experiment

Following Figure 2A, the expected effect of DIB on target detecta-

1A but not in Experiment 1B. This observation was confirmed by the

bility can also be observed in a speeded response setup: The hit rate

ANOVA indicating main effects of distractor, F(1, 30) = 22.95, p < .01,

was decreased by the presence of distractors, and this effect recovered

ηp2 = .43, and SOA, F(3, 90) = 152.79, p < .01, ηp2 = .84, GG ε = .50,

as a function of cue-target SOA. However, this was only the case if

as well as an interaction of both factors, F(3, 90) = 4.57, p < .01, ηp2 =

distractors shared the target features (Experiment 1A); if distractors

.13. Most importantly, the main effects as well as the interaction were

differed from targets (Experiment 1B), hit rates appeared to be gen-

significantly modulated by the factor of Feature Similarity (Distractor

erally at ceiling. The ANOVA confirms this observation: Although

× Feature Similarity: F[1, 30] = 14.01, p < .01, ηp2 = .32; SOA × Feature

main effects of distractors, F(1, 30) = 24.75, p < .01, η = .45, and

Similarity: F[3, 90] = 4.34, p < .01; Distractor × SOA × Feature

SOA, F(3, 90) = 20.99, p < .01, ηp2 = .41, GG ε = .45, were highly sig-

Similarity: F[3, 90] = 2.85, p = .04, ηp2 = .09). The post-hoc comparison

nificant, they critically depended on Feature Similarity (Distractor ×

confirmed that significant differences between distractor conditions

Feature Similarity: F[1, 30] = 26.35, p < .01, ηp2 = .47; SOA × Feature

were restricted to Experiment 1A. At the critical SOA-0 condition and

Similarity: F[3, 90] = 16.56, p < .01, ηp2 = .36). The same applied to the

at SOA 100, t(15) = 3.29 and t(15) = 5.04, respectively, p < .01 for both,

Distractor × SOA interaction, F(3, 90) = 19.85, p < .01, ηp2 = .40, which

but not at SOA 200 (p > .05), RT was significantly reduced by the pres-

was also modulated by Feature Similarity (Distractor × SOA × Feature

ence of distractors. Even though the difference between mean RTs at

Similarity: F[3, 90] = 21.40, p < .01, ηp2 = .42). Post-hoc tests confirmed

SOA 500 was significant, too, t(15) = 3.26, p < .01, it was smaller than at

that significant effects of distractor presentation were only obtained in

SOA 0 and SOA 100. In Experiment 1B, distractor conditions did not

Experiment 1A and that these effects were more expressed at shorter

differ significantly from no-distractor conditions at any SOA (p > .05).

2
p

SOAs (SOA 0: t[15] = -6.31; SOA 100: t[15] = -4.35; SOA 200: t[15]
= -3.69; p < .05 for each one). In the critical SOA-0 condition, targets

Discussion: Experiments 1A and 1B

were detected in 59.54% of trials, which is more than 30% below that

Our data replicated the results of previous studies on DIB (e.g.,

of trials without distractors. A corresponding effect was not observed

Hesselmann et al., 2006; Niedeggen et al., 2004; Sahraie et. al., 2001).

for the corresponding post-hoc tests in Experiment 1B (p > .05 for all

Participants missed significantly more targets at SOA 0 when target-

Figure 2.
Plot of accuracy data (A) and mean reaction time (RT) (B) of conditions with distractors (solid line) as compared to conditions
without distractors (dashed line) in Experiment 1A (black ink) and Experiment 1B (grey ink). It shows that differences between
conditions are most pronounced at shorter SOAs. Error bars denote the standard error of the mean.
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like distractors had been presented previously. First, this confirms that

quency effects between trials see Cosman & Vecera, 2010; Horstmann

the effect of DIB can be reliably evoked in a speeded response setting.

& Ansorge, 2006; Kelley & Yantis, 2009; Neo & Chua, 2006; for top-

Second, we were able to replicate our earlier findings on the feature

down adjustment within trials see Irons & Remington, 2013) or due

specificity of the effect (Michael et al., 2011, 2012) that suggest a top-

to attentional engagement/capture by the preceding distractor (Folk,

down controlled inhibition of a task-set.

Ester, & Troemel, 2009; Moore & Weissman, 2011; but see Zivony &

The finding is also in line with a contingent attentional capture

Lamy, 2014). Following these findings, the RT results in Experiment

explanation: If the distractors match the target template (Experiment

1A can be assumed to underestimate the distractor effect. If a compa-

1A), they capture attention and, therefore, occupy processing resources.

rable mechanism affects target processing in contingent attentional

Since the last distractor is presented in close temporal proximity to the

capture and DIB, then the distractor effect in Experiment 1A does not

cue-target complex, its processing impairs the processing of cue and/or

rely on the repeated distractor presentation but on the presentation

target. As predicted by the contingent involuntary orienting hypothesis

of the final distractor in temporal proximity to the cue. Its processing

(Folk et al., 1992), distractors that do not match the target template

may hinder target processing after all. One single distractor at the same

(Experiment 1B) do not have such an effect.

position as this last distractor should therefore be sufficient to induce

RTs to correctly detected targets are affected by the presence of

an increase in RTs and a decrease in hit rates in the DIB task. As the

distractors in a comparable manner. Distractors lead to an increase at

distractor shares the targets’ features, it will involuntarily draw atten-

the overall RT level, especially at early SOAs. The RT effect shares the

tion, thus affecting the processing of the target.

characteristics of the aforementioned effect on the hit rate: It critically

Experiment 2 tested for these predictions. A single distractor was

depends on the similarity of the visual features of distractors and the

placed in the same temporal relation to the cue as had been the last

upcoming target. The effect is not elicited by a visual transient that is

distractor in Experiment 1. According to the results on contingent

irrelevant for target processing (Experiment 1B). However, data also

attentional capture, the RT pattern and the hit rates in Experiment 2

reveal differences between the behavioural measures: The RT effect ap-

should be comparable to that obtained in Experiment 1A. The focus of

pears to be longer lasting and is even present at SOA 500. In contrast,

interest is, again, the condition in which cue and target are presented

the effect on hit rate appears to be more short-lived. Despite these ef-

simultaneously. In case of attentional capture, accuracy should be de-

fects, the RT results are in line with the DIB account, indicating that

creased and RTs should be increased at SOA 0.

distractor presentation does not only affect the detection performance
but also the motor response to a detected target. Following our model,

Subjects

the cumulative inhibition is not immediately released in case of suc-

A set of 16 healthy volunteers (14 females, between 18 and 35 years

cessful target detection. The fact that performance is reliably affected by

of age, Mage = 23.19, SD = 5.10) with normal or corrected-to-normal

distractor presentation when cue and target are presented simultane-

vision and normal colour vision participated in the study. None of the

ously, or with a short delay, however, can also be explained in terms of

subjects had participated in Experiment 1. All subjects gave written

a contingent attentional capture account (Folk et al., 1992) : Distractors

consent and received course credit for their participation. The study

sharing the target’s features transiently capture the participants’ atten-

was approved by the ethics committee of the Freie Universität Berlin.

tion, thereby impairing performance and delaying the preparation of
the motor response. Even though this process is triggered involuntar-

Stimuli, Procedure, and Design

ily, the effect is not entirely bottom-up driven but contingent upon the

In experimental conditions, only a single distractor in temporal prox-

current task set (here: to detect a flip of orientation).

imity to the cue was presented. Its position was 500-800 ms before cue
onset, equivalent to the position of the last distractor in Experiment 1.
The target appeared either at SOA 0, 100, 200, or 500 (56 trials per SOA

Experiment 2

condition; each consisting of 28 trials with and 28 without a distractor).

In Experiment 1, we presented multiple distractors. In the second experiment, we abolish this defining element and present a single distractor instead. An important prediction derived from earlier findings on
contingent attentional capture is that one single distractor presented
in temporal proximity to the target should be sufficient to elicit the
effect. This has been demonstrated in standard tasks in the spatial
domain (viz., spatial cueing, e.g., Folk et al., 1992; Posner, 1980, and
visual search, see Wolfe, 1998, for a review) as well as for the temporal
domain (Folk et al., 2008; Maki & Mebane, 2006; Raymond, Shapiro,
& Arnell, 1992).
Previous studies suggested that the presentation of multiple distractors may reduce a potential capture effect of the last distractor. This
reduction may occur due to adaptation/training processes (for fre-
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To account for false alarms, in 84 trials (each consisting of 42 with and
without a distractor), no target was displayed at all. As in Experiment 1,
the cue appeared between 2,200 and 3,000 ms after trial onset.
In order to reduce the predictability, two control conditions were
introduced. In 52 trials (10 trials per SOA condition, 12 trials without target), the distractor event was uncorrelated with the cue and
appeared at a random position between 300 ms after trial onset and
800 ms before cue onset. These trials were included in order to prevent
the distractor from serving as a warning stimulus (Fischer, Plessow,
& Ruge, 2013; Hackley, 2009; Hackley & Valle-Inclán, 2003; Niemi &
Näätänen, 1981). On the one hand, those trials, even though excluded
from analysis, led to a wider range of distractor-cue SOAs (which
made the experiment different from Experiment 1A in that respect).
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On the other hand, participants could not know whether a second

As shown in Figure 3A, the target detection rate exceeds 85% in

distractor would be presented by the time of distractor presentation,

all conditions. However, the presentation of a single distractor had

which makes the situation similar to that of Experiment 1A. In both

a modest but reliable effect on the accuracy. The ANOVA revealed a

experiments, the temporal relation of a certain distractor to the target

significant main effect of distractor, F(1, 15) = 11.24, p < .01, ηp2 = .43,

could only be known afterwards. That makes a differential effect on

with conditions including a distractor showing significantly lower ac-

capture rather unlikely. In 27 trials (5 trials per SOA condition, 7 trials

curacy rates than conditions without a distractor. The main effect of

without target), two distractors preceded the appearance of the cue.

SOA was also significant, F(3, 45) = 11.73, p < .01, ηp2 = .44, GG ε =

This condition was added to reduce the predictability of the number

.49. Here, shorter SOAs led to lower hit rates. The interaction between

of orientation changes (comparable to the varying number of distrac-

the factors SOA and Distractor was significant, F(3, 45) = 4.79, p < .01,

tors in Experiment 1). In both control conditions, the cue appeared

ηp2 = .24. Post-hoc tests, like in Experiment 1A, showed a reliable effect

between 2,200 and 3,000 ms after trial onset.

at SOA 0, t(15) = 3.47, p < .01. As depicted in Figure 3B, hit rates were

As in Experiment 1, catch trials with early cue onset (1,000 to 1,800

approximately 10% lower in trials with distractors as compared to trials

ms after trial onset) were included (5 trials per condition, 50 trials in

without distractors. The effect was significant at SOA 100, too, t(15) =

total). The control trials (129 of 437) were not considered for further

2.87, p < .01. To substantiate the finding, we compared the distractor

analysis. The random order of all 437 trials was generated offline, sepa-

effects on hit rates in Experiments 1A and 2. We focused the analysis

rately for each participant.

on the SOA-0 condition, assuming that a potential capture effect is

Because of the two additional control conditions in Experiment

most pronounced and least contaminated here (see above). Previous

2 (single random distractor and two distractors), the overall number

analyses have shown that the effect was most distinct in this condition:

of distractors as well as the number of trials per condition differed

As depicted in Figure 3B, in both experiments, hit rates are decreased

marginally from that of Experiments 1A and 1B. However, this slight

in trials with distractors. This effect is more pronounced in Experiment

imbalance in the distribution of trials across conditions is unlikely to

1A. Accordingly, the repeated-measures ANOVA (Experiment ×

affect the behavioural effects (see above, Niedeggen et al., 2015).

Distractor) revealed significant main effects of distractor, F(1, 30) =

Data Analysis and Results

51.82, p < .01, ηp2 = .63, and experiment, F(1, 30) = 6.89, p = .01, ηp2 =
.19. The effect of distractor differed significantly between experiments,

Experimental effects were analysed using a repeated-measures

indicating a more pronounced distractor effect in Experiment 1A as

ANOVA, with factors of Distractor (2) and SOA (4).

compared to Experiment 2 (interaction of Experiment × Distractor:
F[1, 30] = 16.06, p < .01, ηp2 = .35).

Target detection
Trials without targets led to a false alarm rate of 12.28% on average

Reaction time

(SD = 11.12). Again, trials including a distractor led to a significantly

As in Experiment 1, all RTs exceeding the participants’ mean RT by

higher false alarm rate (M = 17.86, SD = 12.84) than trials without a

more than two SDs were not included in the analysis. Data are shown

distractor (M = 6.70, SD = 4.94), t(15) = 4.10, p < .01. In comparison

in Figure 3B. Comparable to Experiment 1, there was a significant

to Experiment 1A, however, the false alarm rate was not significantly

main effect of SOA, F(3, 45) = 66.89, p < .01, ηp2 =.82, GG ε = .48, with

different. In 1.51% (SD = 3.22%) of the trials, the button was pressed

significantly faster RTs for longer SOAs. In contrast to Experiment 1A,

too early. Hit rates were calculated as in Experiment 1.

RTs did not differ between conditions with distractors and conditions

Figure 3.
A: Plot of mean reaction time (RT) data (above) and accuracy data (below) of Experiment 2. The solid line represents mean responses to conditions with distractors whereas the dashed line represents mean responses to conditions without distractors.
B: Plot of mean RT data at SOA 0 (above) and mean accuracy data at SOA 0 (below) of Experiment 1A (left) and experiment 2
(right). Trials with distractors are represented by dark grey bars, trials without distractors are represented by light grey bars.
Error bars denote the standard error of the mean.
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without distractors, the interaction of Distractor × SOA was not sig-

not impaired by the cumulative suppression in response to previous

nificant either (p > .05). A direct comparison between trials with and

distractors (Niedeggen et al., 2015, 2012). Furthermore, the sensory

without distractors at SOA 0 did not reveal a significant effect either (p

response to the first distractor has been shown to be more expressed

= .41, η = .05).

as compared to the response to the succeeding distractors (Niedeggen

2
p

RT effects were compared between experiments by a repeated-meas-

et al., 2004, 2012), indicating that a single distractor is sufficiently rep-

ures ANOVA with within-subject factors of SOA (4) and Distractor (2)

resented at least at a sensory level. This corresponds to the findings

and a between-subjects factor of Experiment (2). Corresponding to the

regarding multiple distractors in attentional capture which suggest

analysis on hit rate, only the SOA-0 condition was considered. While

that a single distractor is not less but more prone to attentional capture

participants in Experiment 1A responded about 60 ms slower when

(Cosman & Vecera, 2010; Folk et al., 2009; Horstmann & Ansorge,

distractors were presented, the difference in Experiment 2 was mar-

2006; Irons & Remington, 2013; Kelley & Yantis, 2009; Neo & Chua,

ginal (see Figure 3B). The ANOVA revealed a significant main effect

2006). Together with the finding that the design was sufficiently diffi-

of distractor, F(1, 30) = 4.95, p = .03, η = .14, as well as a significant

cult to detect distractor effects at all (see accuracy at SOA 0), we assume

interaction of Distractor × Experiment, F(1, 30) = 10.21, p < .01, ηp2 =

that Experiment 2 was an appropriate test for the attentional capture

.25. The interaction was due to the fact that in Experiment 1A distrac-

hypothesis.

2
p

tors led to decreased RTs, whereas the distractor in Experiment 2 had
no such effect.

General Discussion

Discussion: Experiment 2
The data of Experiment 2 were not in line with a contingent attentional
capture-based model and indicate that DIB relies on a different mechanism. With respect to hit rates, the performance was affected by the
presentation of a single distractor. This effect was only present at early
cue-target SOAs. However, the direct comparison with Experiment 1A
confirmed that the effect elicited by a single distractor was significantly
reduced as compared to the effect of multiple distractors. The results
are, therefore, congruent with earlier findings indicating that a cumulative suppression process is triggered by the presentation of multiple
distractors (Hesselmann et al., 2006). Direct evidence for the additive
effect of distractors was provided in ERP experiments (Niedeggen et
al., 2012).
More importantly, RTs were not impaired by the presentation of a
single distractor. In Experiment 2, neither a significant distractor effect
nor a significant Distractor × SOA interaction was obtained. At SOA
0, no significant difference was found. This pattern of results is clearly
in contrast with predictions based on contingent attentional capture
findings, where a single distractor is always sufficient—if not more
successful (Folk et al., 2009; Irons & Remington, 2013)—in inducing a
negative effect (Folk et al., 2008, 1992).
The missing distractor effect on the RT level is even more compelling, as the final distractor in Experiment 1A was presented at the
very same temporal position as the single distractor in Experiment 2.
Differences can therefore not be attributed to differences in the SOA
between distractor and target, which appears to be crucial for the
inhibitory effect of distractors in contingent attentional capture (e.g.,
Ghorashi et al., 2003).
However, one has to consider that the results may also imply that
the changed number of distractors in Experiment 2 entailed inherent changes of the setting, making the task itself easier. These inherent changes would be relevant for the notion of attentional capture if
they affected distractor perception and processing, for example, due
to decreased saliency. Previous DIB studies suggest that it is very unlikely that a single distractor in DIB is less salient, as its perception is
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Summary of the Results
In a series of three experiments, we examined whether the cumulative
effect of distractors in DIB may be explained on the basis of contingent attentional capture. Since distractors were embedded in an RSVP
stream and only led to a significant eﬀect when they shared the visual
characteristics with the upcoming target (Michael et al., 2011), we
initially assumed that contingent attentional capture (Folk et al., 1992)
may be directly responsible for DIB.
Data obtained in Experiment 1A were in line with this assumption: Presentation of multiple target-like distractors led to significantly
increased RTs and reduced accuracy, and the effect was reduced with
an increased temporal delay between the onset of the final distractor
and the target. This effect did not occur when the distractor features
differed from the target features (Experiment 1B). However, a single
target-like distractor at the same temporal position as the final distractor in Experiment 1 did not have an effect on RT (Experiment 2). This
implies that the DIB effect is not directly due to an involuntary processing of the final distractor presented in temporal proximity to the cue.
Furthermore, the data indicate that RT effects and response accuracy are dissociated in the classic DIB task. These findings will be
discussed in the following.

Impact of Contingent Attentional
Capture in Distractor-induced
Blindness
Despite of the striking parallels between contingent attentional capture
and DIB, our data do not provide evidence that comparable mechanisms are triggered in the DIB design. This finding leads to two further
questions.
First, why is contingent attentional capture not observed in our
temporal selection task relying on multiple distractor presentation?
One might assume that the temporal interval between the final distractor and the target onset (> 500 ms) contributes to the difference. As
already pointed out, the capture effect is more expressed for shorter
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temporal intervals (Ghorashi et al., 2003; Leblanc & Jolicœur, 2005).

al., 2012). A similar model has been developed for the attentional blink

Following this idea, the lack of an RT effect in DIB does not indicate

(boost and bounce theory, Olivers & Meeter, 2008). Both assume that

that distractors were not processed at all. Rather, attention may already

a gating system is activated by distractors preventing an incorrect an-

be disengaged from the distractor by the presentation of the target,

swer (Desimone & Duncan, 1995; Engle, Conway, Tuholski, & Shishler,

thus not affecting its processing (Theeuwes et al., 2000). However, this

1995; Olivers & Meeter, 2008). The present data further narrow down

does not suffice as an explanation: It has been demonstrated that tem-

the characteristics of that process by showing that not only the percep-

poral attentional capture in an RSVP setting can last 500 ms and more

tual but also the (pre)motoric level (as evaluated by means of RT in

(Folk et al., 2008; Lamy, Leber, & Egeth, 2004; Liao & Yeh, 2013; Maki

correct responses) is affected.

& Mebane, 2006). This time range also applies to our experiments: In

This, in a way, is the complement to the role of contingent atten-

Experiment 2, the final distractor was presented 500-800 ms before

tional capture. While contingent attentional capture is triggered by

target onset (the SOA-0 condition) and did not affect the RT.

an overshooting positive attentional set (focus on target properties),

However, we have to consider that attentional capture is most pro-

DIB is due to an overshooting negative attentional set (suppression of

nounced when the distractor-target SOA averages 200 ms or less (Folk

distractors, see also Olivers & Watson, 2006; D. Zhang et al., 2009). On

et al., 2002; Lamy et al., 2004; Leblanc & Jolicœur, 2005) and that some

account of this, it appears logical that DIB is influenced by the number

studies have failed to show a capture effect at distractor-target SOAs

of distractors while no such evidence is found for attentional capture.

exceeding 350 ms (e.g., Leblanc & Jolicœur, 2005; Moore & Weissman,
2010). Even minor changes in stimulus array had a large impact on
the duration of attentional capture (e.g., Leblanc & Jolicœur, 2005, as
compared to Lamy et al., 2004). Leblanc and Jolicœur (2005) pointed

Dissociation Between Response
Time and Accuracy in DistractorInduced Blindness

out that the factors that influence the magnitude of attentional capture,

The assumption of an inhibitory mechanism activated in DIB by re-

such as stimulus duration, salience, and eccentricity, are very likely to

peated distractor presentations is based on accuracy data (Hesselmann

affect its time course, too. The stimuli’s feature dimension (Girelli &

et al., 2006; Niedeggen et al., 2004, 2002). In the series of experiments

Luck, 1997) could also have an impact. Only recently, a study by Liao

presented here, a speeded response procedure was applied for the first

and Yeh (2013) suggested that attentional capture by dynamic features

time. The new setup allowed for an extended insight into the processes

(viz., onsets) may be less persistent than attentional capture by static

involved in DIB.

features (but mind onset’s special status regarding attentional capture,

Previous studies on visual attention already indicated that the

see Liao & Yeh, 2013). Another important aspect is the search mode

underlying processes of accuracy and RT data can differ (Prinzmetal

(e.g., Folk & Remington, 1998). Conjunction search is thought to be

et al., 2005; van Ede, de Lange, & Maris, 2012). In Experiment 1A, a

executed differently than feature search (Wolfe, 1998) and may be less

significant distractor effect was obtained for both RT and accuracy.

susceptible to attentional capture (Lamy & Tsal, 1999, but see Maki &

This is in line with the proposition that distractors lead to a conflict

Mebane, 2006, for “successful” contingent attentional capture in a con-

at the response level but also at the level of stimulus identification (H.

junction RSVP task). Taking into account that the current task could

H. Zhang, Zhang, & Kornblum, 1999). However, we initially assumed

also partially be interpreted as a conjunction search task (response to

that RT and accuracy are affected by the same underlying processes in

the combination of red fixation and peripheral orientation flip), this

DIB. Following this idea, an effective inhibition can prevent the access

latter aspect may be crucial with regard to the missing capture effect

to the target (“miss”) but will also slow down the response in case of

in DIB. Moreover, the relation of target and distractor properties (see

target detection. Accordingly, the release functions of RT and accuracy

Theeuwes et al., 2000, for the influence of distractor-target-similarity

data should be the same. As shown in Figure 2, this was not the case.

on attentional dwell time) as well as comprehensive properties, such as

Which different processes are exactly involved in DIB would have to be

perceptual load (Cosman & Vecera, 2010), have to be considered, too.

the subject of future research.

Considering these restrictions, we cannot rule out that attentional
capture would affect the DIB effect in case of short distractor-cue
SOAs. However, we found evidence that attention is not captured by
distractors at the time of target presentation in the “classic” DIB design
(i.e., with distractor-cue SOAs > 500 ms).
Assuming an independence of contingent attentional capture and
DIB, the second question can be derived: If contingent attentional
capture does not play a role in the DIB paradigm, which processes are
responsible for the distractor effect in the task? Past studies related the
DIB to a cumulative frontal inhibitory process (e.g., Niedeggen et al.,
2004, 2012). This process is proposed to prevent an updating of the
distractor representation in working memory, thus reducing the conscious access to stimuli sharing the same visual feature (Niedeggen et
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Conclusion
According to the present results, contingent attentional capture does
not appear to be directly responsible for the effect that is observed in
DIB. The lack of an observable capture effect elicited by a single distractor in the DIB design might be attributed to the feature-sensitivity of
the process, or to its, more transient, time effect.
However, RTs in the DIB paradigm were clearly affected by multiple distractors. Our results support the idea that different facets of
the central suppression process involved (Niedeggen et al., 2012) are
reflected by response accuracy and speeded motor response.
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