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Abstract We tested whether color singletons lead to saccadic
and manual inhibition of return (IOR; i.e., slower responses at
cued locations) and whether IOR depended on the relevance
of the color singletons. The target display was preceded by a
nonpredictive cue display. In three experiments, half of the cues
were response-relevant, because participants had to perform a
discrimination task at the cued location. With the exception of
Experiment 2, none of the cue colors matched the target color.
We observed saccadic IOR after color singletons, which was
greater for slow than for fast responses. Furthermore, when
the relevant cue color matched the target color, we observed
attentional capture (i.e., faster responses at cued locations)
with rapid responses, but IOR with slower responses, which
provides evidence for attentional deallocation. When the cue
display was completely response-irrelevant in two additional
experiments, we did not find evidence for IOR. Instead, we
found attentional capture when the cue color matched the
target color. Also, attentional capture was greater for rapid
responses and with short cue–target intervals. Thus, IOR
emerges when cues are relevant and do not match the target
color, whereas attentional capture emerges with relevant and
irrelevant cues that match the target color.
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Introduction

Visual foraging behavior benefits from a track record of recently
inspected locations. One mechanism serving this aim is inhibi-
tion of return (IOR; Wang & Klein, 2010). IOR was first de-
scribed by Posner and Cohen (1984) as the inhibition of shifting
attention back to a previously inspected location. These authors
observed that presenting a peripheral cue at the position of the
target facilitated discrimination of the target with a brief cue–
target onset asynchrony (CTOA) but hampers target discrimina-
tion with longer CTOAs. Therefore, IOR refers to better perfor-
mance for targets at a different position than the cue than for
targets at the same position. This result is typical of cues that are
not predictive of the target’s position.

Posner and Cohen (1984) speculated that the cue initially
captured attention, leading to faster discrimination with a short
CTOAwhen the cue was presented at the same position as the
target than when it was presented at a different position. After
some time, however, participants withdraw their attention if no
relevant target is presented at the cued location. According to
Posner and Cohen, the participants use some of the long CTOA
to even inhibit the return of attention to the previously inspected
location (therefore the name IOR). Subsequent research revealed
that components besides attention capture, such as motor inhibi-
tion and sensory habituation, can also contribute to IOR (for
reviews, see Klein, 2000; Lupiàñez, 2010;Wang&Klein, 2010).

Top-down control: Contingent attentional capture

Importantly, in the present context, IOR also features promi-
nently in one of the large debates in attention research: the
question of the extent to which attention capture is top-down
contingent (cf. Folk, Remington, & Johnston, 1992) versus
stimulus-driven (or bottom-up; cf. Theeuwes, 1992, 2010).
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According to Folk et al., only cues with a relevant feature that
matches the searched-for target feature capture attention. Folk
et al. based their conclusion on experiments with two sorts of
nonpredictive cues. They used either one colored (red) cue as
a color-singleton together with three white cues, or a single
abrupt-onset cue. Both cue types were presented with the
same CTOA before the relevant target and did not predict
the target position. Critically, in one block, the participants
searched only for abrupt-onset targets, whereas in the other
block, they searched only for color-defined (red) target sin-
gletons. In line with Folk et al.’s conception of top-down
contingent capture, only the cue with a feature matching the
top-down set captured attention. If the participants searched
for onset targets, only the onset cue captured attention, but the
color cue failed to capture attention. This pattern of results was
reversed when the participants searched for a color-defined
target: Here, the color-singleton cue captured attention but the
abrupt-onset cue did not. Later research showed that even the
cue’s color has to resemble and match the set of searched-for
target colors (cf. Anderson & Folk, 2010; Folk & Remington,
1998; Lamy, Leber, & Egeth, 2004). If the participants search
for red targets, a red cue but not a green cue captures attention
but if the participants search for green targets, a green cue but
not a red cue captures attention (e.g., Ansorge, Kiss,
Worschech, & Eimer, 2011; Eimer & Kiss, 2008; Worschech
& Ansorge, 2012; for a review, see Burnham, 2007).

Bottom-up control: Stimulus-driven capture

In contrast to the top-down contingent capture theory, according
to Theeuwes (2010), any strong feature contrast (e.g., color
contrast) captures attention (e.g., Itti, Koch, & Niebur, 1998;
Schreij, Theeuwes, & Olivers, 2010a). For example, Schreij
et al. (2010a) adapted the experimental protocol of the color-
search conditions of Folk et al. (1992) by presenting an additional
abrupt-onset singleton briefly before the target (Schreij, Owens,
& Theeuwes, 2008; Schreij et al., 2010a). These authors ob-
served that the abrupt-onset singleton delayed the discrimination
of the color-defined target relative to a condition without an
additional onset distractor. Schreij et al. (2010a) argued that the
abrupt onset must have captured attention although it was
completely task-irrelevant and did not match the searched-for
property. Moreover if the abrupt-onset singleton was presented
with a long CTOA of 900 ms before the color-defined target,
interference disappeared just as if attention had been deallocated
from the abrupt-onset distractor (Schreij, Theeuwes, & Olivers,
2010b).

Attentional deallocation

This latter observation supports Theeuwes, Atchley, and
Kramer’s (2000) more general argument that the absence of
capture with nonmatching cues that was typically found in

contingent-capture experiments à la Folk et al. reflected swift
deallocation of attention after initial capture. To understand
this, remember that the cues in the contingent-capture studies
(e.g., Folk et al., 1992) were usually nonpredictive of the
target position. Therefore, there was no incentive for the
participants to maintain attention at a cued location and
deallocation of attention away from the cues was encouraged.
In addition, according to Theeuwes et al., the brief CTOA of
150 ms that is commonly used in contingent-capture experi-
ments (cf. Folk et al., 1992) is already long enough for (1)
attention capture by matching and nonmatching cues and (2)
for deallocation only after the nonmatching cues. With the
matching cues, deallocation is delayed because a higher cue–
target resemblance makes cue recognition more difficult. As a
consequence, traces of capture can still be seen with a short
enough CTOA in top-down matching conditions but no lon-
ger in the nonmatching conditions.

Attentional deallocation: Evidence from IOR

When this deallocation hypothesis was tested, the results were
not always in line with it (e.g., Ansorge et al., 2011; Gibson &
Amelio, 2000; Remington, Folk, &McLean, 2001; Worschech
& Ansorge, 2012). Of particular relevance with respect to IOR,
Gibson and Amelio (2000) used long CTOAs of 1 s in the
protocol of Folk et al. (1992) but IOR was neither observed
after matching nor after nonmatching color-singleton cues (for
the latter result, see also Pratt & McAuliffe, 2002). Gibson and
Amelio only found deallocation in the form of IOR after abrupt-
onset cues. In addition, IOR was only found for abrupt-onset
cues followed by abrupt-onset targets (i.e., matching the top-
down set). By contrast, there was no IOR after abrupt-onset
cues followed by color targets.

Jointly, these findings are in disagreement with Theeuwes
et al. (2000; Theeuwes, 2010) because the deallocation expla-
nation predicts IOR after attention capture by nonmatching
cues that should have an earlier onset than after matching
cues. Remember that deallocation after matching cues was
assumed to trail behind deallocation after the nonmatching
cues. Therefore, until today researchers dispute the dealloca-
tion hypothesis (cf. Lamy, 2010).

Purpose of the present study

These conflicting results were the point of departure for the
present study. We wanted to test two critical predictions of
Theeuwes et al.’s (2000) deallocation explanation. We aimed
at testing whether IOR is found after color singletons and we
wanted to test the further question whether IOR is stronger
after nonmatching (or irrelevant) color-singleton cues than
after matching (or relevant) color-singleton cues. Evidently,
the failure to observe the predicted pattern in prior research

1688 Atten Percept Psychophys (2013) 75:1687–1702



(cf. Gibson & Amelio, 2000) necessitated some procedural
changes.

In comparison to previous studies, we took two measures
to more thoroughly investigate IOR. First, in Experiments 1,
2, and 5, we used saccadic IOR (Abrams & Dobkin, 1994;
Dorris, Klein, Everling, & Munoz, 2002; Taylor & Klein,
1998) because manual responses are not necessarily the most
sensitive measure of attention and IOR (Briand, Larrison, &
Sereno, 2000; Cole, Kuhn, Heywood, & Kentridge, 2009;
Deubel, 2008; Deubel & Schneider, 1996). Second, we stud-
ied IOR as a function of response times (RTs). To that end, we
vincentized response latencies (with mean RTs for quintiles of
the response distribution, from fast to slow responses) (van
Zoest, Donk, & Theeuwes, 2004). Since deallocation and IOR
are a function of time since cue onset, IOR can be overlooked
if one only considers the total mean RT, and we expectedmore
IOR with slower than faster responses.

The general procedure

In the valid condition, the cue was presented at the same
position as the subsequent saccade target. In the invalid con-
dition, the cue was presented at a different position than the
target. Because the cue did not predict the saccade target
position, deallocation and IOR were encouraged. Saccadic
IOR should be reflected in faster responses in invalid than
valid conditions.

In the relevant-cue trials of Experiments 1 to 3, one
predefined color cue (e.g., green) told the participants to keep
the cue position in mind. This was necessary for the later
discrimination of a second target at the cued position. This
discrimination target was presented after the saccade target, at
the end of the trial (see Fig. 1). In the irrelevant-cue trials,
participants had to ignore the cue, because no discrimination
was required at the end of the trial. Relevant and irrelevant cues
had different fixed, known colors. For example, if the relevant
cue was green, the irrelevant cue was blue. Therefore, partici-
pants were enabled to set up top-down settings for search of the
relevant and for disregarding the irrelevant colors.

The relevant and irrelevant cues thus corresponded to top-
down matching and nonmatching color cues in past contingent-
capture studies, in so far as the relevant cue matched and the
irrelevant cue did not match the search settings. However, the
relevant and irrelevant cues differed from the top-downmatching
cues and nonmatching cues in previous research, in so far as the
relevant cues were necessary to find the discrimination target:
Participants had to keep the relevant cue in short-termmemory in
order to locate the discrimination target. This had not been the
case in past contingent-capture studies. We will get back to this
difference in the discussion of Experiment 1 and in the General
Discussion. To make this distinction in procedures clear, we will
use the terms “relevant” and “irrelevant” in Experiments 1–3.
We will only use the terms “matching” and “nonmatching” in

Experiments 4 and 5, because in these experiments the cues
were truly unrelated to the task.

Experiment 1

Participants made saccades to colored saccade targets. In
addition, only after relevant cues, participants had to subse-
quently identify a discrimination target. Cues and targets were
of different fixed colors. For example, the saccade target was
red, the relevant cue blue, and the irrelevant cue green. These
colors were known to the participants.

These were our predictions. First, because all cues did not
inform about the saccade target positions and because saccade
programming requires shifting of attention to the saccade
target (Deubel & Schneider, 1996), we expected saccadic
IOR. Second, saccadic IOR should at least be present among
the slower responses after vincentization of response times.
Third, between participants, we varied the CTOA. The CTOA
was 500, 300, or 200 ms. In this way, we were able to test
whether saccadic IOR increases (and capture decreases) with
CTOA (cf. Posner & Cohen, 1984). Also, overall net attention
capture rather than saccadic IOR might be found with a short
CTOA. Fourth, if the deallocation theory holds true, we
expected stronger or earlier IOR to irrelevant than relevant
cues. An earlier onset of IOR should be reflected in IOR

Fig. 1 Depicted is an example of an invalid trial. The first (lower) display
was a cueing display, in which a cue (illustrated as a black figure-8) was
presented in green or blue, with one color indicating the relevant and the
other the irrelevant cue. The second (middle) display was a saccade-target
display, in which a saccade target (illustrated as a black figure-8) was shown
in red (in Exps. 1 and 3) or in the color of the relevant cue (in Exp. 2). The
third (upper) display was a discrimination-target display, in which a
discrimination target was shown. The discrimination-target display was
only shown after the relevant cue. The discrimination target was presented
at the relevant cue’s position. The arrow depicts the direction of time.
Stimuli are not drawn to scale. CTOA = cue–target onset asynchrony:
500 ms in Experiment 1, 300 ms in Experiments 1 and 3, and 200 ms in
Experiments 1 and 2
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among shorter RTs in irrelevant than relevant cueing condi-
tions. Especially in the short CTOA, wemight observe capture
with relevant cues but saccadic IOR with irrelevant cues.
Finally, with the relevant cue, we expected to see overall
stronger capture effects.

Method

Participants The groups consisted of ten (five male, five
female), 14 (four male, ten female), and ten (five male, five
female) participants—mostly students, with mean ages of 25,
23, and 21 years—in the 500-, 300-, and 200-ms CTOA
conditions, respectively. All participants reported normal or
corrected-to-normal visual acuity and received course credit in
exchange for their participation.

Apparatus Visual stimuli were presented on a 19-in. CRT
color monitor (SonyMultiscan G400) with a screen resolution
of 1,024 × 768 pixels. Its refresh rate was 100 Hz. The
participants sat at a distance of 57 cm from the screen in a
quiet, dimly lit room, with their head resting in a chinrest to
ensure a constant viewing distance and a straight-ahead gaze
direction. Manual responses to the discrimination targets were
registered via a standard keyboard, placed directly in front of
the observers. Participants’ manual responses were given by
the keys #F and #J (labeled “left” and “right”). Saccades were
recorded with an EyeLink 1000 Desktop Mount system (SR
Research, Mississauga, Ontario, Canada) with a 35-mm lens,
and EyeLink Software version 4.52, sampling at maximal
resolution. Eyetracking was monocular from the dominant
eye. A 9-point calibration was used to adjust the eyetracker
in advance of every single block.

Stimuli See also Fig. 1. All stimuli were lighter (~30 cd/m2)
than the dark background (~0.2 cd/m2). The stimuli in the cue
and saccade-target displays consisted of six digital figure-8s of
a size of 1.7º × 1.0º, with a stroke width of 0.3º. The figure-8s
were positioned 0º, 60º, 120º, 180º, 240º, and 300º from the
vertical meridian on a virtual circle around the center, with an
eccentricity of 7.0º. The top-most and lowest position were
only used as filler positions and never contained the cue or the
target. The color singleton in the cue display was either green
(CIE color coordinates: –30.2, 24.9) or blue (CIE: 46.9, –89.0).
During the entire experimental session, one of these colors was
relevant and the other irrelevant. The saccade target color
singleton was red (CIE: 47.6, 41.1). All other stimuli were gray
(CIE: 6.9, 16.8). In addition to the cue and target displays, a
target-discrimination display was shown after the relevant cues
(50 % of all trials). To create distinct discrimination forms, one
vertical line of each of the six figure-8s was deleted, so that
three digital letter-Es and three digital figure-3s replaced the six
figure-8s. In the discrimination-target display, all of the stimuli
were gray.

Procedure At the beginning of every trial, a fixation cross (0.7º
× 0.7º) was shown in the center of the screen. Participants
started by looking at the fixation cross and pressing the space
bar. At this time, a drift correction of the eyetracking signal was
conducted if the currently measured eye position deviated by
more than 1.5º of the previous trial’s fixation at screen center. In
addition, the experimenter visually monitored eye position.
Next, the fixation display persisted for 500 ms, and then the
cueing display was shown for 50 ms. After the CTOA, the
saccade target display was shown and observers made a sac-
cade to the red color singleton. The CTOA varied between
participants from 500 to 200 ms. The saccade target display
was shown until saccade onset or until 1 s had elapsed.

In the valid trials, the saccade target was at the cued
position. In the invalid trials, the saccade target was at an
uncued position. Because saccade target positions and cue
positions were uncorrelated, valid trials made up 25 % and
invalid trials 75 % of all trials.

In the relevant-cue trials, the color cue indicated the position
of the discrimination target in the final discrimination-target
display. Participants therefore had to attend to the cue’s position
and keep it in mind for later retrieval of the position of the
discrimination target. The participants signaled the identity of
the discrimination target by a keypress. In the irrelevant-cue
trials, the color cue could be ignored. No discrimination target
was shown, and no manual response was required. Relevant
and irrelevant cues had different colors (green and blue, respec-
tively), and participants were informed that color was relevant.

The experiment consisted of one training block and four
data acquisition blocks. Every block consisted of 64 trials.
Every block thus corresponded to one repetition of each of the
2 cue types (relevant; irrelevant) × 4 cue positions × 4
saccade-target positions. Within blocks, different conditions
were realized in a pseudorandom order. Between blocks,
participants were encouraged to take short breaks.

Written feedback was given after early saccades (saccadic RT
< 100 ms) and late saccades (saccadic RT > 1 s). Thus, a
relatively broad distribution of saccadic RTs was allowed. This
was done for the sake ofmore information on the development of
saccadic IOR over time. In addition, in relevant-cue trials of the
training block, written feedback indicated whether the actual
target discrimination response was correct. In the experimental
trials, no feedback about the discrimination response was given.

Results and discussion

Capture and IOR were calculated as the difference between
valid and invalid conditions. Thus, positive values reflect sac-
cadic IOR and negative values reflect capture. If Mauchly tests
indicated a violation of the sphericity assumption, the degrees
of freedom were corrected by Greenhouse–Geisser’s ε and the
corrected alpha level is reported.
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Saccade landing positionwas calculated as the x–y coordinates
of the eyetracker signal at the time at which eye velocity returned
to a presaccadic baseline level. A saccade counted as correct if it
landed in an area of 1.5º around the center of the saccade target. A
saccade counted as erroneous if the eyes landed in an area of
1.5º around the center of a distractor. In Experiment 1, 3.4 %
were discarded because they were faster than 100 ms.

Saccadic RTs Saccadic RTs were calculated as the times be-
tween (1) the onset of the saccade-target stimulus and (2) the
time of a local velocity minimum that immediately preceded
the point in time at which eye velocity exceeded 80º/s. The
results can be seen in Fig. 2.

A mixed-model analysis of variance (ANOVA)1 of the
correct saccadic RTs was run, with the repeated-measures
variables of validity (valid; invalid), cue relevance (relevant
cue; irrelevant cue), and quintile (1st to 5th), and the between-
participants variable CTOA (200, 300, or 500 ms). All main
effects became significant. The validity effect, F(1, 31) =
25.23, p < .01, reflected IOR. That is, saccadic RTs were
slower in valid (260-ms) than invalid (229-ms) conditions.
The effect of relevance, F(1, 31) = 8.19, p < .01, was due to
faster saccadic RTs with irrelevant cues (241 ms) than with
relevant cues (248 ms), indicating a dual-task cost when the
cue location had to be kept in memory. The effect of CTOA,
F(2, 31) = 4.85, p < .05, indicated that saccadic RTwas lower
with a CTOA of 500 ms (218 ms) than with a CTOA of
300 ms (283 ms; p < .05, Bonferroni corrected) but that there
were no significant differences between CTOA 200 ms
(232 ms) and the other CTOAs (both ps > .09). The faster
RTs with the long CTOA may be due to increasing response
preparation. There was also a trivial main effect of quintile,
F(4, 124) = 105.97, p < .01, reflecting increasing saccadic RTs
across quintiles. This main effect will not be reported in
subsequent experiments.

There was evidence that IOR increased for slower responses:
The significant interaction between validity and quintile, F(4,
124) = 24.14, p < .01, showed that saccadic IOR increased with
increasing saccadic RT. Capture amounted to a nonsignificant
–1 ms, t(33) < 1.00, in the 1st quintile, and significant
saccadic IOR of 37, 37, 47, and 73 ms, was found in the
2nd to 5th quintile, respectively, all ps > 2.60, all ps < .05.

Furthermore, we found two significant interactions that do
not directly relate to our hypothesis: The interaction between
quintile and CTOA, F(8, 124) = 3.78, p < .05, resulted from
stronger increases of RTs over time with a CTOA of 300 ms
than with CTOAs of 500 ms and 200 ms. The three-way
interaction of relevance, quintile, and CTOA, F(8, 124) =

4.11, p < .05, was due to stronger increases in the relevant
conditions of the 300-ms as compared to the 200-ms CTOA.

Furthermore, two of the interactions only approached sig-
nificance, and only the first of these was relevant for our
hypothesis. The significant interaction of validity and rele-
vance, F(1, 31) = 3.04, p = .09, showed that saccadic IOR
tended to be larger with irrelevant (36 ms) than with relevant
(28 ms) cues, as claimed by the deallocation theory. In addi-
tion, the interaction of relevance by quintile, F(1, 124) = 2.69,
p = .09, showed that delays of saccadic RT with relevant as
compared to irrelevant cues were absent among the fastest
responses (1st quintile: relevant RT = 172, irrelevant RT =
171) and increased with increasing RT (e.g., 5th quintile:
relevant RT = 359 ms, irrelevant RT = 345 ms).

Otherwise, we observed no significant interactions, all
Fs < 2.40, all ps > .10, and especially no three-way interaction
of Validity × Relevance × Quintile, F < 1.00.

Erroneous saccades Separately for each CTOA, arc-sine
transformed rates of erroneous saccades between 100 ms
and 1 s were computed to compensate for the correlation of
mean and variance with probability values (Sokal & Rohlf,
1981). These data were analyzed as a function of the cue’s
relevance (relevant vs. irrelevant) and of the saccade’s direc-
tion (to the cued position vs. away from the cued position).
Only invalid trials were considered.2

We analyzed the error rates in order to rule out speed–
accuracy trade-offs with saccadic RT. In a mixed-model
ANOVA, with the repeated-measures variables relevance and
saccade direction, and the between-participants variable
CTOA, the main effect of CTOA failed, F(2, 31) = 2.88, p =
.07, but the two other main effects, both Fs(1, 31) > 28.00, both
ps < .01, and all interactions, all Fs > 5.30, all ps < .05, became
significant. To understand the interactions, follow-up ANOVAs
were conducted with data split up for different CTOAs.

With a CTOA of 500 ms, there were no significant main
effects or interactions, Fs < 3.20, ps > .10. The overall error
rate was 2.4 %. With shorter CTOAs of 300 ms and 200 ms,
follow-up ANOVAs led to significant main effects of cue
relevance, Fs > 10.00, ps < .01, and of direction, Fs > 9.00,
ps < .05, as well as to significant interactions, Fs > 9.00, p < .01.
There were more erroneous saccades in the relevant than the
irrelevant conditions (CTOA of 300ms: 5.5% vs. 2.2 %; CTOA
of 200 ms: 12.3 % vs. 4.6 %). There were also more erroneous
saccades towards the cue than away from it (CTOA of 300 ms:
6.7%vs. 1.0%; CTOAof 200ms: 15.2% vs. 1.7%). Erroneous

1 Complementary ANOVAs were conducted in Experiments 1–3 with
only those trials of the relevant-cue condition in which the discrimination
target was correctly discriminated. This led to the elimination of less than
2 % of the data. The results of these ANOVAs were very similar to those
in the main text and are not reported separately.

2 Per definition, erroneous saccades were directed away from the cue in
the valid condition (1.3 %, 1.6 % in Exps. 1 and 2, respectively). To
understand whether capture (toward the cue) and IOR (away from the
cue) were found in the rates of erroneous saccades, we therefore com-
pared the rates of the erroneous saccades toward the cue and away from
the cue in the invalid condition only.
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saccades to the cued location were more frequent for the relevant
cues than for the irrelevant cues (difference between saccades
toward the cue and away from the cues: CTOA of 300ms: 9.0%
vs. 2.5 %; CTOA of 200 ms: 20.2 % vs. 6.7 %). Overall, there is
no evidence for speed–accuracy trade-offs between accuracy and
saccadic RTs.

Discussion

CTOAs ranging from 500 to 200 ms showed strong saccadic
IOR to color-singleton cues. Consistent with our predictions,

saccadic IOR was greater for slower responses. Unexpectedly,
we did not observe that CTOA affected saccadic IOR.
IOR did not increase with longer CTOAs, which may
be due to the restricted range of CTOAs used (200 to
500 ms). Perhaps longer CTOAs (i.e., 1000 ms) would
produce greater IOR. Furthermore, we found only a
nonsignificant tendency for relevance to affect saccadic
IOR. We had expected stronger and earlier saccadic IOR
in irrelevant than relevant conditions because attention
can be more rapidly disengaged when cues are irrele-
vant. The present study does not provide strong support
for this claim.

Fig. 2 Experiment 1: On the left, saccadic latencies (in milliseconds) as a
function of the cue’s relevance, validity, and the quintile of the saccadic
latency distribution. On the right, we plotted the saccadic latencies in

valid minus invalid conditions. Inhibition of return (SIOR) results in
positive values, and attentional capture in negative values. The data from
Experiment 1’s different CTOA conditions are shown in different rows
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However, the presence of saccadic IOR with color single-
tons confirms that deallocation also takes place after color
singleton cues (cf. Godijn & Theeuwes, 2004; Kim & Cave,
1999). This result is at variance with the studies showing no
deallocation and no IOR to color-singleton cues (cf. Gibson &
Amelio, 2000; Remington et al., 2001). One important differ-
ence between the present study and past research concerned our
use of saccades. Because saccades are more sensitive to IOR
than manual responses (e.g., Zhang & Zhang, 2011; see also
Godijn & Theeuwes, 2004), less IOR to color singletons in past
studies could have been due to the use of manual responses.We
will address this question in experiments reported below.

A second difference between the present and past studies
concerned our use of a memory task: Participants had to keep
the relevant cue’s position in memory. This was reflected in
RT costs with relevant cues as compared to irrelevant cues.
Costs were greater with longer RT. Our task is different from
standard contingent-capture experiments in which participants
ignored all cues. Importantly, past studies showed that keep-
ing a location in memory affects attention (Awh, Vogel, & Oh,
2006) and saccades (Belopolsky & Theeuwes, 2009). Most
critically, keeping a location in memory can create interfer-
ence with saccade execution (e.g., Belopolsky & Theeuwes,
2011). We think this is an unlikely origin of the IOR effect in
the present study because participants only had to keep the
relevant, but not the irrelevant cue in memory. Compliance
with this instruction was reflected in shorter saccadic RTs with
irrelevant than relevant cues. If the memory trace was weaker
with irrelevant than relevant cues, interference and IOR
should have been smaller with irrelevant than relevant cues.
Yet the opposite was found. IOR was numerically, but not
significantly, stronger with irrelevant than relevant cues.

Experiment 2

In Experiment 2, wewished to follow up on the nonsignificant
tendency for greater saccadic IOR to irrelevant than relevant
cues. This difference is predicted by deallocation theory be-
cause irrelevant cues allow for more rapid disengagement than
relevant cues. Also, deallocation theory predicts an earlier
onset of IOR with irrelevant than relevant cues, which was
not observed in Experiment 1. We therefore refined the pro-
tocol in Experiment 2 to provide a more sensitive test of these
hypotheses. Past research indicated that participants can have
difficulties searching for two colors, and that participants can
optimally set up their search settings for only one color at a
time (Ansorge & Horstmann, 2007; Folk & Anderson, 2010;
Grubert & Eimer, 2013). In Experiment 2, we therefore used
the same color for the relevant cue and the saccade target. That
is, the color of a relevant cuematched that of the target, whereas
the color of an irrelevant cue did not. Under these conditions,
participants should show less saccadic IOR and more capture

to relevant/matching than to irrelevant/nonmatching cues.
Also, in irrelevant/nonmatching conditions, saccadic IOR
should start earlier (among shorter RTs).

Method

Participants Thirteen (three male, ten female) participants,
mostly students, with a mean age of 23 years participated.
All participants reported normal or corrected-to-normal visual
acuity and received course credit for their participation.

Apparatus, stimuli, and procedure These were the same as in
Experiment 1’s 200-ms CTOA condition, with the exception
that the relevant cue and the saccade target were of the same
color.

Results

Of all responses, 4.1 % were faster than 100 ms. These were
discarded.

Saccadic RTs Correct saccadic RTs were submitted to a
repeated-measures ANOVA, with the within-participant vari-
ables cue relevance (relevant cue; irrelevant cue), validity
(valid; invalid), and quintile (1st to 5th).

Looking at Fig. 3, one can see that among the fast responses,
capture occurred with relevant cues, whereas saccadic IOR was
observed with irrelevant cues. This impression was supported
by ANOVA. Importantly, we found a significant three-
way interaction, F(1, 12) = 4.65, p < .05, reflecting capture with
relevant cues in the 1st and 2nd quintile [–46 ms and –28 ms,
respectively, both ts(12) < –2, both ps < .05], but saccadic IOR
with irrelevant cues [15 ms, t(12) = 1.32, p = .21, and 46 ms,
respectively, t(12) = 3.97, p< .01]. By contrast, among the slower
RTs, saccadic IOR was found with both relevant [3rd to 5th
quintiles: 9ms, t< 1.00, 77ms, t(12) = 1.90, p = .08, and 124ms,
t(12) = 2.94, p < .05] and irrelevant [3rd to 5th quintiles: 74 ms,
104 ms, and 85 ms, all ts(12) > 4.40, all ps < .01] cues.

We also found a significant effect of validity, F(1, 12) =
8.95, p < .05, an interaction of validity and quintile, F(1, 12) =
20.85, p < .01, and an almost significant interaction of rele-
vance and quintile, F(1, 12) = 4.18, p = .051. The validity
effect reflected saccadic IOR, with slower saccadic RTs in
valid (337-ms) than invalid (290-ms) conditions. The interac-
tions between relevance and quintile, and between position
and quintile demonstrated that saccadic IOR and the relevance
effect both built up over time. The main effect of relevance, F <
1.00, and the interaction of relevance and position, F(1, 12) =
3.12, p = .10, were not significant.

Erroneous saccades2 A repeated measures ANOVA of the
arcsine-transformed rates of erroneous saccades in the invalid
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conditions, with the two variables of cue relevance (relevant
cue; irrelevant cue) and of saccade direction (toward the cue;
away from the cue) on the data from the invalid condition led
to significant effects of cue relevance, F(1, 12) = 9.01, p < .05,
and direction, F(1, 12) = 11.95, p < .01, and a significant
interaction, F(1, 12) = 9.58, p < .01. Erroneous saccades were
more likely in the relevant (8.3 %) than the irrelevant (3.4 %)
condition. The rate of the erroneous saccades toward the cued
location (9.0 %) exceeded that away from the cue (2.7 %).
Also, erroneous saccades to the cues were more frequent with
the relevant cues [10.9 %; t(12) = 3.66, p < .01] than with the
irrelevant cues [1.8 %; t(12) = 1.16, p = .30]. Overall, there
was no evidence for speed–accuracy trade-off.

Discussion

In Experiment 2, the relevant cue color matched the target
color as in typical contingent capture paradigms. The three-
way interaction between quintile, validity, and cue rele-
vance showed that saccadic IOR occurred earlier with
irrelevant than relevant cues. This finding is in line with
Theeuwes et al.’s (2000) deallocation theory. In addition,
attentional capture was found for the relevant cues among
the fastest responses. Jointly, the data thus suggested the
existence of both more saccadic IOR to irrelevant cues
(Theeuwes et al., 2000) and more contingent capture to
relevant cues (Folk et al., 1992).

Intertrial priming might have contributed to the capture
effect that we ascribed to contingent capture. Some researchers
noted that finding the target by one specific color (e.g., red) in
trial n primes capture by the same color in the immediately
following trial n + 1 (Maljkovic & Nakayama, 1994). Previous
studies have ruled out intertrial priming as the sole origin
of capture, and confirmed the contingent capture effect
(Ansorge & Horstmann, 2007; Irons, Folk, & Remington,
2012; Worschech & Ansorge, 2012). In these studies, two

relevant target colors (e.g., red and green) were used, and
capture by one relevant color cue (e.g., red) was stronger than
capture by an irrelevant color cue (e.g., blue) even if the
alternative relevant color (e.g., green) had been used for the
target in the preceding trial. In the present experiment with
only a single relevant color, this analysis cannot be conducted.
Therefore, it is possible that inter-trial priming contributed to
the present capture effect.

Experiment 3

In Experiment 3, we tested whether deallocation can also be
found with manual responses. To that end, a manual pointing
response to the targets instead of a saccadic response was
required. We used a CTOA of 300 ms because 200 ms seemed
possibly too short for manual responses to lead to IOR at all
(Klein, 2000; Taylor & Klein, 1998). Otherwise conditions
were very similar to Experiment 1.

Method

Participants A group of 21 (seven male, 14 female) students,
with a mean age of 21 years participated. They had normal or
corrected-to-normal visual acuity. They received course credit
in exchange for their participation.

Apparatus, stimuli, and procedure A 19-in. IIyama ProLite
T1931SR touchscreen was used. It was slanted (with the
upper edge away from the participants by ~80º) so that the
participants looked down on the screen and could convenient-
ly move their fingers across the screen. A pointing-target
display was used in which participants had to lift their right
index finger from the cross at screen center and had to put it on
the pointing target as quickly and accurately as possible. A
response counted as correct if the right index finger landed in a

Fig. 3 Experiment 2: On the left are saccadic latencies (in milliseconds)
as a function of the cue’s relevance, validity, and the quintile of the
saccadic latency distribution. On the right, we plotted the saccadic

latencies in valid minus invalid conditions. Saccadic inhibition of return
(SIOR) results in positive values, and attentional capture in negative
values
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target area of 90 × 120 pixels (corresponding to a rectangle
with a 1.0º frame around the pointing target of 30 × 90 pixels).
Between trials, the participants had to put their right index
finger in the center of the screen.

With relevant cues, target discrimination was required.
Participants had to press one of two “buttons” displayed on
the touchscreen, one with a digital E, the other one with a
digital 3 on it. The buttons were in the lower left and right
corners of the screen. No keyboard was used and eye move-
ments were not tracked. Otherwise the experiment was very
similar to Experiment 1.

Results

Out of all responses, 5.9 % were discarded as anticipations
(with RT < 100 ms). Another three responses were discarded
because they were wrongly directed toward a cued distractor.
Two of these errors went to a relevantly cued distractor and
one to an irrelevantly cued distractor.

Pointing RTs For the results, see also Fig. 4. The correct RTs
were submitted to a three-way ANOVA, with the samewithin-
participants variables that had been used in the preceding
experiments, cue type (relevant cue, irrelevant cue), validity
(valid, invalid), and quintile. The ANOVA revealed a signif-
icant main effect of validity, F(1, 20) = 8.42, p < .01, a
significant interaction of validity and quintile, F(4, 80) =
4.54, p < .05, and an almost significant interaction of rele-
vance and quintile, F(4, 80) = 3.23, p = .07. The main effect of
validity reflected that valid RTs were delayed 15 ms, as
compared to invalid RTs (245 vs. 230 ms). The interaction
of validity and quintile showed that IOR increased with in-
creasing RTs, with IOR amounting to 5, 9, 11, 19, and 40 ms,
from the 1st to the 5th quintile. A numerical increase of the
dual-task costs (calculated as irrelevant RT minus relevant
RT) with an increasing RT accounted for the tendency toward

a significant interaction between relevance and quintile, 1st to
5th quintile: 6, 2, –3, –7, and –19 ms. The other main effects
and interactions were not significant, Fs < 1.70, ps > .20.

Movement times The ANOVA of the movement times (from
lifting until landing) led to a main effect of relevance, F(1, 20) =
45.41, p < .01, and a significant interaction between relevance
and quintile, F(4, 80) = 23.55, p < .01. The effect of relevance
was caused by slower RTswith relevant than with irrelevant cues
(663 vs. 627 ms). The interaction was due to the increase of the
dual-task costs with RTs, from the 1st to the 5th quintile:
–16, –24, –30, –46, and –69 ms, ts(20) > 3.30, ps < .01. All
other effects were not significant, Fs < 2.00, ps > .10.

Discussion

With a CTOA of 300ms, we observed IOR inmanual RTs and
dual-task costs in movement times. The effect of IOR and the
dual-task costs increased with increasing RTs. The results
were thus very similar to those obtained with saccadic re-
sponses in Experiment 1. In particular, again we found IOR
to color-singleton cues among the slower responses and failed
to observe significant interactions between cue relevance and
validity as these were predicted by contingent capture theory
(predicting capture and/or IOR only in relevant conditions; cf.
Gibson & Amelio, 2000).

Therefore, whether one uses saccadic or manual responses is
in itself not responsible for IOR. The same conclusion has been
reached in past research (e.g., Souto & Kerzel, 2009), although
some aspects of saccadic IOR are of a different origin than
manual IOR effects and might not be due to attention (cf. Hunt
& Kingstone, 2003; Tian, Klein, Satel, Xu, & Yao, 2011).

In the present experiment, this conclusion is tempered, how-
ever, by the fact that task requirements were similar for saccadic
and manual responses. In both cases, the task required target
localization, and not target discrimination (cf. Gabay, Chica,

Fig. 4 Experiment 3: On the left are the starting times of the pointing
movements (in milliseconds) as a function of the cue’s relevance, validity,
and the quintile of the starting time distribution. On the right, we plotted

the starting times in the valid minus invalid conditions. Inhibition of
return (IOR) results in positive values, and attentional capture in negative
values
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Charras, Funes, & Henik, 2012). Hence, one might argue that
our manual responses and saccadic responses were equally
sensitive to nonattentional motor effects (i.e., priming of a
goal-directed response by the cue) and insensitive to atten-
tional capture and IOR effects. Also, a second critical differ-
ence to past research concerned the use of a dual task (dis-
crimination and saccade execution) instead of a single task
(e.g., discrimination in Gibson & Amelio, 2000).

Experiment 4

To understand the influence of task and type of required re-
sponse, we ran a single-task version of the discrimination task
with manual button-press responses (Gibson & Amelio, 2000).
In addition, because past research used CTOA as a within-
participant variable (Gibson&Amelio, 2000), this was also done
in Experiment 4 in which the CTOAwas 100 ms, 200 ms, or 1 s.

Method

Participants Twelve (six male, six female), students, with a
mean age of 23 years, participated in Experiment 4. They had
normal or corrected-to-normal visual acuity. They received
course credit in exchange for their participation.

Apparatus, stimuli, and procedure These were similar to
Experiments 1 to 3 with the following exceptions. Balanced
across participants, the target could either be red, green, or
blue. A matching or nonmatching cue was presented with a
CTOA of 100 ms, 200 ms, or 1 s. The matching cue had the
same color as the searched-for target (e.g., it was red if the
target was red) and the nonmatching cue had a different color
than the target (e.g., it was blue if the target was red), with cue
colors balanced across participants. The cues were not asso-
ciated with any task and could be ignored. Cue position did
not predict the target position. Participants searched for the
color-defined target and reported its shape (whether it was an
E or a digital 3 by pressing one of two buttons).

Results

Manual RTs For the results, see also Fig. 5. Correct RTs were
submitted to a three-way ANOVAwith the within-participants
variables cue type (matching cue, nonmatching cue), validity
(valid, invalid), quintile (or bin), and CTOA (100 ms, 200 ms,
1 s). The ANOVA revealed a significant main effect of valid-
ity, F(1, 11) = 29.06, p < .01, reflecting faster valid than
invalid RTs (558 vs. 577 ms). That is, there was attentional
capture of –19 ms. Significant interactions of validity and cue
type, F(1, 11) = 17.10, p < .01, and of validity and CTOA,
F(2, 22) = 3.51, p < .05, were due to stronger capture effects

with the matching cues (–45 ms), t(11) = 5.55, p < .01, than
with the nonmatching cues (–4 ms), t(11) = 1.03, p = .33, and
to stronger capture effects with short CTOAs [at 100 ms,
–37 ms, t(11) = 4.03, p < .01; at 200 ms, –20 ms, t(11) =
6.17, p < .01] than with the long CTOA [at 1,000 ms, –12 ms;
t(11) = 2.71, p < .05]. Finally, we found a significant three-way
interaction of validity, relevance, and CTOA, F(2, 22) = 8.72,
p < .01, that was even further qualified by a significant four-
way interaction of all variables, F(4, 44) = 2.47, p < .05. The
four-way interaction showed that in the matching conditions,
significant capture effects were found with all CTOAs and all
quintiles of the RT distribution [ts(11) > 2.70, ps < .05], with the
exception of the slowest responses (3rd to 5th quintile) in the
longest CTOA of 1 s [ts(11) < 1.90, ps > .08], whereas in the
nonmatching conditions, no capture was found in all CTOAs
and all quintiles [ts(11) < 1.70, ps > .11], with the exception of
the fastest responses (1st quintile) of the shortest CTOA of
100 ms [–12 ms; t(11) = 3.45, p < .01].

Errors Because the numbers or errors were sufficient for
formal analyses, we conducted ANOVAs of the error rates
with the variables, cue type (matching cue, nonmatching cue),
validity (valid, invalid), and CTOA (100, 200, 1,000 ms). For
this analysis, we summed the participants’ failures to respond
and their erroneous responses. Missing erroneous trials were
repeated at a random point later in the experiment. Participants
made 8.9 % errors in total. An ANOVA of these error rates did
not reveal any significant effects.

Discussion

In line with Gibson and Amelio (2000), there was no IOR in a
buttonpress discrimination task. Also in line with Gibson and
Amelio, there was attentional capture by matching cues, but
not by nonmatching cues. Yet, in agreement with the possi-
bility of deallocation of attention, capture by matching cues
decreased with longer CTOAs and became nonsignificant
among the slowest responses of the longest CTOA of 1 s.
However, in contrast to Gibson and Amelio’s findings, we
also found a smaller but significant capture effect by the
irrelevant cues among the fastest responses of the shortest
CTOA. Because we used a quintile analysis that was not used
by Gibson and Amelio, it is possible that they overlooked this
on average tiny effect (see also van Zoest et al., 2004).

Experiment 5

To seewhether the use of saccades accounted for the presence
of IOR, we also ran a single-task version of the saccade
task. Otherwise procedures were as in the manual task
of Experiment 4.
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Method

Participants Twelve (six male, six female) students, with a
mean age of 23 years participated in Experiment 5. They had
normal or corrected-to-normal visual acuity. They received
course credit in exchange for their participation.

Apparatus, stimuli, and procedure These were similar to
Experiment 4, with the exception that participants searched

for a predefined color target and made a saccade to it as
quickly and accurately as possible.

Results

Participants made 8.3 % errors in total. Of all responses, 3.5 %
were discarded because they were faster than 100 ms, or
because of equipment malfunctioning.

Fig. 5 On the left are manual reaction times (RTs; in milliseconds) in
Experiment 4, as a function of the cue’s matching to the top-down set, its
validity, and the quintile of the RT distribution. The RTs were measured
under conditions with cue–target onset asynchronies of 1 s (upper panels),
200 ms (middle panels), and of 100 ms (lower panels). On the right, we

have plotted inhibition of return (IOR, depicted above the x-axis) and
capture (below the x-axis) (calculated as RT in the valid minus RT in the
invalid conditions) as a function of the cue’s matching to the top-down set
and the quintile of the RT distribution
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Saccadic RTs For the results, see also Fig. 6. The same three-
way ANOVA as in Experiment 4 on mean correct saccadic
RTs led to a significant main effect of CTOA, F(2, 11) =
35.90, p < .01, with longer latencies at short CTOAs (at
100 ms, 323 ms; at 200 ms, 327 ms) than at long CTOAs (at
1,000 ms, 279 ms), which is probably related to response
preparation. Also, this analysis revealed significant two-way
interactions of validity and cue type, F(1, 11) = 9.11, p < .01,
with more capture by matching [–13 ms, t(11) = 2.49, p < .05]
than by nonmatching [–2 ms, t < 1.00] cues, an interaction of

validity and CTOA, F(2, 11) = 7.92, p < .01, with more
capture in the shortest CTOA [at 100 ms, –18 ms, t(11) =
3.52, p < .01] than in the two longer CTOAs (at 200 ms,
–2 ms; at 1,000 ms, 0 ms; both ts < 1.00), and an interaction of
validity and quintile, F(4, 11) = 5.46, p < .05, with evidence for
capture restricted to the fastest responses [1st quintile: –17 ms,
t(11) = 3.90, p < .01], and absent for all other quintiles [2nd to
5th quintile: –6, –4, –4, and 0 ms, ts(11) < 1.40, ps > .19].
Finally, a significant three-way interaction of validity, rele-
vance, and CTOA, F(4, 44) = 3.98, p < .01, and a significant

Fig. 6 On the left are saccadic latencies (in milliseconds) in Experiment 5,
as a function of the cue’s matching to the top-down set, its validity, and the
quintile of the RT distribution. The saccadic RTs were measured under
conditions with cue–target onset asynchronies of 1 s (upper panels), 200ms
(middle panels), and 100 ms (lower panels). On the right, we have plotted

inhibition of return (IOR, depicted above the x-axis) and capture (below the
x-axis) (calculated as RT in the different- minus RT in the same-position
conditions) as a function of the cue’s matching to the top-down set and the
quintile of the RT distribution
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four-way interaction of all variables, F(8, 88) = 2.47, p < . 05,
were found. They showed that only the matching cues and fast
responses led to a capture effect [1st quintile, –31 ms, t(11) =
4.98, p < .01; 2nd quintile, –14 ms, t(11) = 2.43, p < .05],
whereas all other quintiles of the matching conditions [3rd, 4th,
and 5th: –10, –8, and –7ms, respectively; ts(11) < 1.70, ps > .12],
and the nonmatching conditions were not significant [1st to
5th: –2, 2, 3, 1, and 5 ms, respectively; ts(11) < 1.20, ps > .27].

Errors Next, erroneous saccades in the invalid condition were
subjected to an ANOVAwith the variables cue type (matching
vs. non-matching), saccade direction (to the cued position vs.
away from the cued position)1, and CTOA (100 ms, 200 ms,
1 s). There was a significant main effect of cue type, F(1, 11) =
5.19, p < .05, reflecting higher error rates to matching than to
nonmatching cues (4.62 % vs. 3.36 %). There were also
significant interactions of direction and CTOA, F(2, 22) =
6.11, p < .01, and of relevance, direction, and CTOA, F(2,
22) = 4.63, p < .05. The two-way interaction reflected differ-
ences between error rates at cued locations minus error rates at
uncued locations of -2.45 % and of -3.37 % in the 200-ms and
1 s CTOAs, respectively, ts > |2.40|, ps < .05. There was no
significant difference between the prevalence of erroneous
saccades toward the cue and away from the cue (2.25 % vs.
2.17 %) in the 100-ms CTOA, t < 1.00.

The three-way interaction reflected a tendency to move
toward the uncued position in the nonmatching conditions
that increased with CTOA [at 100 ms, –1.53 %, n.s.; at
200 ms, –2.65 %; t(11) = –2.51, p < .05]. In contrast, we
observed a tendency to move to the cued location in the
matching condition that decreased with CTOA [at 100 ms,
1.65 %, n.s.; at 200 ms, –2.27 %; t(11) = 2.20, p = .05].
With a CTOA of 1 s, errors away from the cued location
were equally frequent for matching cues and nonmatching
cues (–3.58 % vs. –3.14 %), ts(11) > |2.30|, ps < .05.

Discussion

Again, we found evidence for stronger capture effects in the
matching than in the nonmatching conditions. In line with the
contingent capture view, among the fastest responses, capture
effects were restricted to the matching cueing conditions (see
Ansorge & Horstmann, 2007; Burnham, 2013). Again, how-
ever, it is equally possible that intertrial priming increased the
capture effect in the matching conditions. Further, capture was
stronger with short CTOAs.

General discussion

In the present study, we used saccadic responses (in Exps. 1, 2,
and 5) and manual responses (in Exps. 3 and 4) to test (1)

whether color singletons lead to saccadic and manual IOR,
and (2) whether saccadic IOR was different with relevant (or
matching) and irrelevant (or nonmatching) color singletons.

In Experiments 1–3, half of the cues were relevant because
observers had to memorize the cue position and perform a
discrimination task at the cued location. In Experiments 1 and
3, neither cue colormatched the target color, whereas the relevant
cue color did match the target color in Experiment 2. These
experiments yielded two main results: First, cueing effects were
similar with relevant and irrelevant cues, even though RTs were
longer with relevant cues. Second, RTs were mostly longer at the
cued location, indicating IOR, and the analysis of RT quintiles
shows that this effect increased for slower responses. For the
range of CTOAs tested (200–500 ms), no modulation of IOR by
CTOA was apparent. Although we mostly observed IOR in
Experiments 1–3, attentional capture occurred with rapid re-
sponses at a short CTOA (Exp. 1), in particular when the relevant
cue matched the target color (Exp. 2). Overall, however, both
relevant and irrelevant cues mostly produced IOR when the cue
color did not match the target color. IOR was strongest for slow
responses and long CTOAs.

In Experiments 4–5, all cues were irrelevant and half of the
cues matched the target color whereas the other half did not.
The results were markedly different from the first set of
experiments. Most importantly, IOR disappeared and was
not even significant for the slowest responses and the longest
CTOAs. Also, we found a marked difference between
matching and nonmatching cues: Whereas neither IOR nor
attentional capture occurred for nonmatching cues, we did
find strong attentional capture for matching cues. Attentional
capture for matching cues was particularly strong for short
CTOAs (both manual and saccadic responses) and rapid re-
sponses (only saccadic responses). In contrast to Gibson and
Amelio (2000), we did observe attentional capture with a
CTOA of 1 s and manual responses, at least for fast RTs
(Exp. 4). However, attentional capture was absent altogether
for saccadic responses and a CTOA of 1 s (Exp. 5).

Therefore, the response as to whether saccadic and manual
IOR to color singletons exists is modulated by the experimen-
tal protocol, CTOA, and RT quintile. This may explain the
inconsistencies in the literature. IOR is observed when the
cues are partly task-relevant (though not predictive of the
target location) even at relatively short CTOAs of 200–
500 ms, whereas capture is observed with completely task-
irrelevant cues that match the color of the target up to CTOAs
of 1 s. Furthermore, IOR is greatest in slow responses, where-
as capture is greatest with fast responses, which is consistent
with the original idea of a sequence of attentional orienting
followed by inhibition.

The complexity of the data pattern may explain why pre-
vious research has yielded inconsistent results. Some authors
found saccadic IOR with color singletons (cf. Godijn &
Theeuwes, 2004), but a majority of studies failed to find
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IOR in manual responses with color singletons (cf. Gibson &
Amelio, 2000; Remington et al., 2001). In the present study,
we were able to demonstrate saccadic IOR in saccadic RTs
(Exps. 1 and 2) and in manual pointing RTs (Exp. 3) to color
singletons in a task in which half of the cues were relevant.
However, in line with prior findings by Gibson and Amelio,
IOR in manual and saccadic RTs could not be observed when
the cues were completely task-irrelevant (Exps. 4 and 5).

The present study also provided a clue as to why IOR of
color singletons might have been overlooked in past studies:
The IOR was most prominent among the slower responses. In
Experiment 2, we even found capture effects (i.e., advantages
for valid relative to invalid cues) in the faster responses, and
saccadic IOR was restricted to the slower responses (see
Fig. 3). Thus, saccadic and manual IOR can cancel one
another out and might be overlooked if one averages across
fast and slow responses. (For an example, consider the CTOA
of 300 ms of Exp. 1 in Fig. 2.).

With respect to the second question that we investigated,
some researchers argued that more deallocation could be found
with irrelevant cues than with relevant cues (Theeuwes, 2010).
According to the deallocation explanation, the different speed
with which attention can be withdrawn from irrelevant versus
relevant cues leads to more measurable cueing with relevant
than irrelevant cues (cf. Theeuwes, 2010; Theeuwes et al.,
2000). This prediction could not be confirmed in all past
studies. Gibson and Amelio (2000), for example, were unable
to find any indices of deallocation after irrelevant color cues.
This was in marked contrast to their observations with relevant
onset cues, in which these authors found deallocation in the
form of IOR.

In the present research, we therefore set out to test this
important prediction of the deallocation explanation. Here, we
used saccadic IOR as a hallmark of deallocation. In line with
the deallocation explanation, the interaction of relevance,
validity and quintile in Experiment 2 suggests that the increase
of saccadic IOR or conversely, the offset of capture, across the
RT distribution is particularly rapid when the cue color is
unequal to the target color.

Our study also provided a number of clues as to why past
research might have overlooked deallocation. First of all, the
number of relevant colors proved to be influential. When
more than one relevant color was used, the indications of
top-down contingent capture and of differential saccadic
IOR were numerically weak. This was found in a compar-
ison of Experiment 1, in which we used two relevant colors
(one for the relevant cue and one for the target), with
Experiment 2 in which we used one relevant color. The
different strengths of capture and subsequent saccadic
IOR in Experiments 1 and 2 resonate with the known reluc-
tance of the participants to search for colors if singleton search
offers an easier way to find the targets (cf. Folk & Anderson,
2010).

Another important variable for whether one finds differen-
tial deallocation was the CTOA. In Experiment 1, with a
CTOA of 300 ms (a CTOA that is not uncommon in IOR
research because at least manual IOR would only commence
at about this CTOA; cf. Klein, 2000), and even less so with a
CTOA of 500 ms (in Exp. 1), we were not able to find any
traces of differential deallocation in saccadic RTs. Only when
the CTOA was reduced to 200 ms (e.g., in Exp. 2) were we
able to find more deallocation after irrelevant than relevant
color-singleton cues. This conclusion was also backed up in
Experiment 5 in which differential deallocation was restricted
to the small CTOAs. Because CTOAs were longer in some
past studies (cf. Gibson & Amelio, 2000) our findings also
provided an insight into why the differential IOR effect could
have been missed in these studies.

Finally, again, saccadic latency, or more precisely, the
quintile of the saccadic RT distribution, proved critical be-
cause more saccadic IOR to irrelevant/nonmatching than to
relevant/matching cues was most clearly seen among the
fastest saccades (of Exp. 2). Among the slower saccades, by
contrast, differential saccadic IOR was washed out and no
significant interaction of the variables cue relevance and cue
position was found anymore (Exp. 2).

In addition, as might be expected, with the exception of the
CTOA of 500 ms, the more difficult dual-task condition, with
the relevant cues and the discrimination task at the end of the
trial, interfered with response execution in Experiments 1 to 3
(cf. Carbone & Schneider, 2010). That is, RTs were longer with
relevant cues that implied a secondary memory task than with
irrelevant cues. Note that our relevance manipulation affected
response latencies mostly during the slower responses. This
also offers a clue as to why the same interference effect by the
secondary (cue memorization) task on saccadic RT was not
found with a CTOA of 500 ms (in Exp. 1). A CTOA of
500 ms was probably too long to still show the detrimental
overall effect of the more demanding task of first having to
attend to the cue and then having to make a saccade to the target
because at the time that a capacity-limited mechanism was
needed for an attention shift toward the saccade target this
mechanism was no longer engaged by the shifting of attention
to the relevant cue and for encoding it into workingmemory (cf.
Pashler, Carrier, & Hoffman, 1993).

In conclusion, the present study demonstrated the presence
of saccadic IOR to color singletons and showed that button
presses are insensitive to this sort of IOR. Furthermore, the
saccadic IOR effects with a single relevant color provided one
of the rare pieces of evidence for Theeuwes et al.’s (2000)
deallocation explanation (but of course, this would not mean
that other top-down factors—such as contingent capture—can
be excluded).
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