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Abstract The present study investigated whether oVset
cues have the same attentional consequences in the spatial
Stroop eVect as onset cues. Experiments 1 and 2 compared
the attentional eVects of onset–oVset cues versus oVset cues
on the spatial Stroop eVect, whereas Experiment 3 com-
pared the attentional eVects of onset versus oVset cues.
Across these experiments, independent of cue type (onset–
oVset or onset vs. oVset) and even at long stimulus-onset
asynchrony, attentional cueing did not revert into inhibition
of return and was modulated by spatial Stroop with greater
cueing eVects for incongruent arrow’s direction and posi-
tion. In addition, onset–oVset or onset and oVset cues pro-
duced comparable cueing eVects in the location-direction
congruent condition, and onset–oVset or onset cues pro-
duced greater facilitation than oVset cues in the incongruent
condition. From a diVerent perspective, peripheral cueing
modulated the spatial Stroop eVect in the same direction for
onset–oVset or onset and oVset cues, although the reduction
in spatial Stroop at cued locations was smaller with oVset
than with onset–oVset or onset cues.

Keywords Onset–oVset cue · Onset cue · OVset cue · 
Spatial Stroop eVect

Introduction

In the cluttered and dynamic visual environments, there is a
continuous Xow of new objects and events appearing, and
old objects and events disappearing. To determine whether
some action must be performed in response to these objects
and events, humans must obtain information on the size,
color, speed and trajectory of the object (Pratt & Hirshhorn,
2003). Perceptual processes are responsible for creating
representations of these objects and events and continu-
ously updating these representations to reXect any relevant
changes in the surrounding environment. Attention pro-
cesses modulate the accessibility of information within the
perceptual representation and control its sampling (Samuel
& Weiner, 2001). Therefore, it is important for attention to
be reXexively oriented to abruptly appearing new objects or
old disappearing objects.

There has been extensive work on how attention shifts as
a function of the appearance of a new object or event
(onset). Posner and Cohen (1984) examined the eVect of
peripheral onset cues on the time to detect a subsequent
peripheral target. They observed that targets were detected
faster at locations where an onset cue was presented (i.e.,
cued locations) than at uncued locations, when the cue–tar-
get stimulus-onset asynchrony (SOA) was less than
300 ms, whereas with cue–target SOAs longer than 300 ms,
detection responses were slower for targets at the cued
locations. The early facilitatory eVect of the onset cue is
known as the attentional cueing eVect and has been hypoth-
esized to result from the onset cue automatically capturing
attention. The later inhibitory eVect is known as inhibition
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of return (IOR; Posner, Rafal, Choate, & Vaughan, 1985).
The biphasic pattern of early facilitation followed by late
inhibition at the cued location has been interpreted by some
researchers as the mark of attentional orienting (e.g., Danziger,
Kingstone, & Ward, 2001; Funes, Lupiáñez, & Milliken,
2007). Nevertheless, depending on the demands of the
tasks, the IOR eVect can only appear at longer SOAs
(Lupiáñez, Milan, Tornay, Madrid & Tudela, 1997) or may
not appear at all (Lupiáñez & Funes, 2005).

However, there has been less literature examining the
eVect of oVset cues on the allocation of attention in the
visual Weld. Some of them have investigated the biphasic
pattern of early facilitation, followed by late inhibition at
locations cued with oVset cues. Using variations of the
Posner and Cohen (1984) paradigm with oVset cues (i.e.,
the disappearance of an object) and SOAs of 100, 200, 300,
500 and 800 ms, Gawryszewski, Thomaz, Machado-Pinheiro
and Sant’Anna (1994) observed the inhibitory eVects at all
SOAs. A similar pattern of results, but with much more
complex displays, was observed by Samuel and Weiner
(2001). Also, with simultaneously presented onset and
oVset cues, Pratt and Hirshhorn (2003) found that the onset
cue generated early facilitation and later occurring IOR,
whereas the oVset cue generated signiWcant inhibition at all,
but the earliest, SOA. Across three experiments, Riggio,
Bello and Umilta (1998) found varying early facilitation
eVects, but strong late inhibitory eVects for both onset and
oVset cues.

Other studies have investigated whether object oVset has
the same attentional consequence as object onset. Using
variations of the Posner cueing paradigm, Pratt and
McAuliVe (2001) found that onset and oVset cues produced
equivalent facilitation eVects at short SOAs and IOR at
long SOAs. Also, Birmingham and Pratt (2005) did not Wnd
diVerences in IOR across several locations sequentially
cued by either onsets or oVsets. In line with these Wndings,
Pratt, Theeuwes and Donk (2007) showed that various
aspects of the preview eVect that had previously been found
with onset stimuli also occurred with oVset stimuli. How-
ever, Boot, Kramer and Peterson (2005) found that incor-
rect pro-saccades are more likely to be triggered by onset
distractors than oVset distractors, as are incorrect anti-sac-
cades (Pratt & Trottier, 2005). In addition, Brockmole and
Henderson (2005) have also shown that onsets that occur in
real life scenes have more robust attention-capturing prop-
erties than oVsets.

Vingilis-Jaremko, Ferber and Pratt (2008) examined
visual prior entry (determining which of two stimuli
appeared Wrst) and prior exit (determining which of two
stimuli disappeared Wrst) eVects with a temporal order
judgment (TOJ) task. Besides onset and oVset targets, the
preceding cues were also either onset or oVset stimuli.
These authors observed typical, and equivalent, prior entry

eVects regardless of whether onset or oVset cues preceded
the onset targets. Moreover, they observed larger prior exit
eVects for oVset targets, which were interpreted as oVset
cues leading to greater capture eVects than onset cues.
Thus, although some studies have shown similar cueing
eVects for onset and oVset cues, others have found diVerent
eVects for the two cue types. The task to be performed with
the target, together with the attentional control setting gen-
erated in accordance to it, have been argued as the reason
for the diVerent cueing eVects for the two type of cues.

In the present study, we employed a diVerent research
strategy to investigate the nature of the attentional capture
produced by onset and oVset cues, i.e., how they modulate
spatial processing. Thus, the focus of the present study was
to determine whether object oVset has the same attentional
consequences as object onset in the spatial Stroop task. As
an example of the spatial Stroop task, a left-pointing or
right-pointing arrow target is presented randomly to the left
or right side of a Wxation point. Although participants are
required to discriminate the direction of the arrow while
ignoring its location, they typically make faster and more
accurate responses to congruent stimuli (i.e., a right-point-
ing arrow on the right) than to incongruent ones (i.e., a left-
pointing arrow on the right) (Funes et al., 2007; Lupiáñez
& Funes, 2005; Taylor & IvanoV, 2005). The spatial Stroop
eVect seems to reXect a conXict between two streams of
stimulus information, when the irrelevant stimulus dimen-
sion (location information) is incongruent with its relevant
dimension (the direction of the arrow) (Lu & Proctor,
1995).

In recent years, almost all studies investigating the rela-
tion between the spatial Stroop and attention have used
object onset (speciWcally, object onset–oVset) to examine
the role of attention capture on the spatial code that pro-
duces the spatial Stroop eVect (e.g., Danziger et al., 2001;
Funes & Lupiáñez, 2003; Lupiáñez & Funes, 2005; Funes
et al., 2007). The typical Wnding has been that peripheral
attentional orienting does modulate the spatial Stroop eVect
so that the eVect is reduced at the attended location, this
modulation varying with cue–target SOA (Lupiáñez &
Funes, 2005; Funes et al., 2007). Three possible explana-
tions have emerged to explain attentional modulation in this
task (Danziger et al., 2001; Lupiáñez & Funes, 2005).

According to the attention shift account (Rubichi,
Nicoletti, Iani, & Umilta, 1997; StoVer, 1991), attention
shifts generate spatial codes relative to the prior position of
attention. This spatial code decays rapidly. Therefore, if
attention has been moved toward the cued location before
the appearance of the target, the spatial code generated by
the cue will have dissipated, and no additive movement of
attention toward the target location will be necessary, so
that no location code will be activated when the target is
presented. Therefore, no spatial Stroop eVect would be
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measured. This account can predict the modulation of cue-
ing over the spatial Stroop eVect, but it cannot explain why
a signiWcant spatial Stroop eVect (although reduced) is
still observed at the attended location and why this modu-
lation varies with cue–target SOA (Danziger et al., 2001;
Lupiáñez & Funes, 2005; Funes et al., 2007). In any case,
the account would predict that the reduction in spatial
Stroop would be greater at longer SOAs (when the spatial
code generated by the cue has completely disappeared),
whereas the opposite tendency has been reported (i.e.,
greater reduction at shorter SOAs, with smaller or no
reduction at longer SOAs) (Funes, Lupiáñez & Milliken,
2008; Lupiáñez and Funes, 2005).

Recently, Danziger et al. (2001) proposed a new version
of the referential coding account to explain the modulation
of cueing over the spatial congruency eVect. This account
states that the target may be coded relative to two simulta-
neous objects of reference, the central Wxation object and
the lateralized cue object. On invalidly cued trials (i.e.,
when the cue appears at the location opposite to the target),
the target would be coded relative to both the lateralized
cue object and the central Wxation object, while on the val-
idly cued trials the target would be coded only relative to
the central Wxation object, because it would be coded as
“same” relative to the cue. This would explain why the spa-
tial congruency eVects are smaller for validly cued targets
than for oppositely cued ones.

However, with this account, it would be diYcult to
explain some Wndings observed with similar tasks. For
example, Funes and Lupiáñez (2003) used a similar
Simon–Stroop task, but added a neutral condition in which
no cue was presented. They found that spatial cues modu-
lated the spatial congruency eVect, as the magnitude of spa-
tial congruency was signiWcantly smaller on cued trials
(27 ms) than on neutral trials (44 ms). Both were smaller
than at oppositely cued ones (58 ms). This outcome was not
compatible with the account proposed by Danziger et al.
(2001) that predicted similar spatial Stroop eVects for cued
and no-cue conditions, because in both cases the targets
were equally coded as “left–right” only relative to the cen-
tral Wxation object.

Similarly, Lupiáñez and Funes (2005) found that spatial
cues reduced the spatial Stroop (stimulus–stimulus, S–S)
eVects that were measured when the arrow target appeared
in the vertical axis, but did not inXuence the Simon (stimu-
lus–response, S–R) eVects that were measured when the
arrow appeared in the horizontal axis. The absence of this
reduction on Simon tasks (see also Hommel, 1993a;
IvanoV, Klein, & Lupiáñez, 2002; Proctor, Lu, & Van
Zandt, 1992; Verfaellie, Bowers, & Heilman, 1988; Zimba
& Brito, 1995), are not directly predicted by the referential
coding account (Danziger et al., 2001). On the contrary, the
account predicts the same reduction on cued trials for spa-

tial Stroop and Simon eVects. Consequently, this theoretical
account could not explain why the Simon eVect is not mod-
ulated by spatial cuing as the spatial Stroop eVect is.

Given the diYculties of the attention shift and referential
coding accounts in explaining these Wndings, Lupiáñez,
Funes et al. (Funes, Lupiáñez, & Milliken, 2007; Lupiáñez
& Funes, 2005) proposed an alternative explanation known
as the event integration account. This framework is based
on the notion of object Wles proposed by Kahneman, Treis-
man and Gibbs (1992). According to this account, an abrupt
onset (peripheral cue), especially at short SOAs, can be
regarded as a new perceptual object or event (Jonides &
Yantis, 1988; Yantis & Jonides, 1996), sharing the spatial
location with the target and contiguous in time with it.
Assuming that spatial and temporal contiguity play an
important role in event or object integration processes
(Hommel, 1998; Kahneman, Treisman, & Gibbs, 1992), the
facilitation eVect often observed at short cue–target SOAs
could be attributed, at least in part, to rapid integration of
the spatial codes for the cue and the target when they occur
close in time and space (see Funes & Lupiáñez, 2003;
Funes et al., 2005; Funes et al., 2007, 2008; Lupiáñez &
Funes, 2005; Lupiáñez & Milliken, 1999; Lupiáñez, Milliken,
Solano, Weaver, & Tipper, 2001, for discussions of event
integration processes in exogenous cuing contexts). These
authors assume that with the integration of cue and target
spatial codes within the same event or object Wle, no extra
spatial code is created when the target appears. This inte-
gration process thus helps to separate in time the processing
of the two conXicting dimensions of the target stimulus, the
spatial location and its direction, with the distracting loca-
tion dimension of the arrow target being linked with an
event that occurred at an earlier point in time (the cue). The
separation in time of these two perceptual codes could then
underlie the reduction in the spatial congruency eVect
observed for valid trials, as the irrelevant location dimen-
sion would have largely decayed by the time the relevant
direction dimension was coded (see Hommel, 1993b, for
discussion of this temporal overlap hypothesis as it applies
to Simon interference). Note that cue–target event integra-
tion would not occur when the cue and target appear at
diVerent locations, as would be the case for uncued trials
following peripheral non-informative cues and for no-cue
trials (Funes & Lupiáñez, 2003).

Contrary to the above reviewed studies investigating the
modulation of exogenous attention as captured by periphe-
ral onset–oVset cues, few studies have investigated whether
oVset cues modulate the spatial Stroop eVect. In fact, we are
not aware of any research investigating this issue with
oVset cues, in spite of this manipulation being useful to
diVerentiate between alternative theoretical accounts. Thus,
the present study was aimed at investigating whether oVset
cues modulate the spatial Stroop eVect, and whether they do
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so in a similar way to onset cues. This is important because
the three above-outlined frameworks for explaining the
modulation seem to make opposite predictions for oVset
cues, whereas they similarly predict a decrease of spatial
Stroop at the location cued by a new object.

If oVset cues are able to capture attention (see above),
the attention shift account would predict a similar modula-
tion for onset and oVset cues, so that the spatial Stroop
eVect would not occur on validly cued trials for both cue
types. If oVset cues are able to capture attention, and
thereby able to trigger the opening of an event representa-
tion, the event integration account also would predict simi-
lar modulation for onset and oVset cues. However, the
referential coding account would predict that oVset cues
will also modulate spatial Stroop, but in the direction oppo-
site to that observed for onset cues. This is because for
oVset cues, the target would be coded only relative to the
central cross on invalidly cued trials, since the lateralized
box at the opposite side disappears as an oVset cue; whereas
on validly cued trials, the target would be coded relative to
the central cross and the remaining lateralized box (see
Figs. 1, 3, 5).

Given that peripheral cues seem to modulate spatial
Stroop, but not Simon (Lupiáñez & Funes, 2005), up/down-
pointing arrows, appearing above/below Wxation, were used
as targets to be responded with a left/right key press,
instead of the more usual left/right-pointing arrows, in
order to have a pure measure of stimulus–stimulus or
Stroop interference.

A second issue investigated in the present study is with
regard to the question of whether onset and oVset cues cap-
ture attention in the same way and with the same eVective-
ness, and whether the eVect of cueing will be manifested to
a greater or lesser extent for congruent versus incongruent
targets. To the extent that onset cues might be more eVec-
tive than oVset cues in triggering cue–target integration
processes, and considering that those object or event
integration processes are responsible for cueing eVects
(Lupiáñez et al., 2001) and for the modulation of cueing
over spatial Stroop (Funes et al., 2007), we expect greater
cueing eVects for onset than for oVset cues, especially for
incongruent targets in which perceptual integration might

be more helpful. Similarly, it could be predicted that oVset
cues would reduce spatial Stroop to a lesser extent than
onset cues.

Experiment 1

To test the attention shift, event integration and referential
coding accounts described above, a critical manipulation
was made where two diVerent cueing conditions were
directly compared. For one condition (half of the trials) we
presented an onset–oVset cue preceding the target with a
cue duration of 100 ms, which was comparable to previous
studies. For the other half of the trials, an oVset cue was
presented instead (oVset cue condition).

Method

Participants

A total of 18 undergraduate students (10 males and 8
females) took part in the experiment for payment. All par-
ticipants had normal or corrected-to-normal vision and
were naive to the purpose of the experiment.

Apparatus and stimuli

Stimuli were presented on a super VGA high-resolution
color monitor with a black background. A Lenovo-compat-
ible computer, running E-PRIME 1.1 software, controlled
the presentation of stimuli, timing operations and data col-
lection. Participants viewed the monitor from a distance of
approximately 57 cm in a dimly lit room.

The stimulus display (see Fig. 1) consisted of a Wxation
cross (0.8° £ 0.8° of visual angle) at the geometrical center
of the screen and two empty circular boxes (with a diameter
of 3.2° and a black stroke of 0.1°), centered 3.8° above and
below the Wxation cross. They were positioned along the ver-
tical axis. The boxes indicated the two possible positions
where a black imperative arrow (1.7° £ 1.5° of visual angle)
could appear. For the onset–oVset cue trials, the cue was an
empty circular box (with a diameter of 3.6° and a stroke of
0.1°) around one of the two black boxes, while for the oVset
cue trials the cue was the disappearance of one of the black
boxes. The background of the display was white and all stim-
uli were black except that the onset–oVset cue was red.

Procedure and design

For all trials, the display sequence in a trial diVered depend-
ing on whether an onset–oVset or an oVset cue was
presented. Two typical trial sequences for each cue are
illustrated in Fig. 1.

Fig. 1 The basic trial sequence used in Experiment 1. The left four
columns represent onset cue condition and the right three columns
represent oVset cue condition
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The trials began with the Wxation cross and the two
boxes. In the case of onset–oVset cue trials, after 1,000 ms,
the cue Xickered around one of the two boxes with equal
probability for 100 ms. Following a further interval of 0,
200, or 500 ms from cue onset (depending on the SOA), the
imperative arrow appeared in one of the two boxes. How-
ever, in the case of oVset cue trials, after 1,000 ms, one of
the two boxes disappeared with equal probability. Follow-
ing a further interval (depending on the SOA) of 100, 300
or 600 ms from the disappearance of the box, the impera-
tive arrow appeared at the location where the box disap-
peared or in the remaining box. The arrow remained visible
until the participant responded or for 1,500 ms if no
response was emitted. Then the next trial began. The inter-
val between trials was 1,000 ms and the screen remained
white throughout this interval (see Fig. 1).

There were two sessions of 432 trials each, with a rest
interval of 5 min between them. Each session consisted of
two large blocks, which corresponded respectively with
onset–oVset cue and oVset cue, having a rest interval of 30 s
between them and the order being randomized. Each large
block included one practice block of 24 trials followed by
three test blocks of 64 trials. Each test block corresponded
with one SOA and their order was randomized. All partici-
pants were instructed to complete the two sessions of trials.
Responses were made with the index Wngers of both hands,
pressing the C and M keys on the computer keyboard for
left and right responses, respectively.

In one session, the task was to press the C key when the
arrow pointed up, and to press the M key when it pointed
down, regardless of the arrow’s location, while the reverse
mapping was used in the other session, the order being
counterbalanced across participants. The response keys and
computer screen were aligned such that the Wxation point
and the midway point between the two response keys were
on the participant’s sagittal midline. Participants were
Wrmly instructed to maintain Wxation and to respond to the
targets as quickly and accurately as possible.

The experiment had a 2 (cue type: onset–oVset,
oVset) £ 2 (cueing: valid, invalid) £ 2 (spatial Stroop:
congruent, incongruent) £ 3 (SOA: 100, 300, 600 ms)
design, with 32 observations per experimental condition.

In all conditions, trials in which the arrow target appeared
in the same location as the cue events will be referred to
as valid; trials in which the arrow target appeared in the
opposite location will be referred to as invalid.

Results

Mean correct RTs and percentages of errors (PE) were cal-
culated for each participant as a function of cue type (2,
onset–oV, oVset), cueing (2, valid, invalid), spatial Stroop
(2, congruent, incongruent) and SOA (3, 100, 300, 600 ms)
(see Table 1). Mean RTs and PE data were submitted to
separate analyses of variance (ANOVAs).

The ANOVA on RTs revealed a main eVect of cueing,
F(1,17) = 125.147, p < .001, and a main eVect of spatial
Stroop, F(1,17) = 69.857, p < .001. Cueing interacted with
spatial Stroop, F(1,17) = 23.737, p < .001, with smaller
spatial Stroop eVects on the validly cued trials (15 ms) than
on the invalidly cued trials (32 ms). Cue type interacted
with SOA, F(2,34) = 4.525, p = .018, but not with cueing,
F(1,17) = 2.616, p = 0.124. Moreover, there was a signiW-
cant three-way interaction between cue type, cueing and
spatial Stroop, F(1,17) = 5.720, p = .029. No other eVects
were signiWcant.

To disentangle this three-way interaction, and in line
with the Wrst purpose of the present study, a separate
ANOVA for each cue type was performed, with cueing,
spatial Stroop and SOA as within-participants variables
(Fig. 2).

The onset–oVset cue analysis revealed main eVects of
two variables, cueing and spatial Stroop, F(1,17) = 75.220,
p < .001, F(1,17) = 102.706, p < .001. As in previous stud-
ies (Lupiáñez & Funes, 2005; Funes et al., 2007), the inter-
action between cueing and spatial Stroop was signiWcant,
F(1,17) = 21.730, p < .001, with smaller spatial Stroop
eVect on valid trials (13 ms) than on invalid trials (37 ms),
although both eVects were signiWcant, F(1,17) = 15.65,
p = .001; F(1,17) = 90.84, p < .001.

The oVset cue analysis revealed main eVects of three
variables, cueing, spatial Stroop, F(1,17) = 56.201,
p < .001, F(1,17) = 25.490, p < .001, and SOA, F(2,34) =
4.807, p = .015. More importantly, the interaction of most

Table 1 Mean reaction time (in ms) and mean percentage of error as a function of cue type, cueing, spatial Stroop and SOA for Experiment 1

Onset–oVset OVset

Congruent Incongruent Congruent Incongruent

Valid Invalid Valid Invalid Valid Invalid Valid Invalid

100 ms SOA 501 (3.9%) 519 (2.3%) 521 (2.8%) 551 (4.7%) 495 (2.5%) 512 (1.5%) 512 (2.8%) 533 (4.3%)

300 ms SOA 488 (2.0%) 507 (2.5%) 493 (3.7%) 546 (4.1%) 495 (3.3%) 517 (2.2%) 508 (2.8%) 546 (4.9%)

600 ms SOA 488 (2.2%) 509 (3.0%) 502 (3.5%) 551 (5.4%) 507 (1.8%) 527 (3.2%) 529 (3.7%) 556 (3.2%)
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concern between cueing and spatial Stroop was signiWcant,
F(1,17) = 4.500, p = .049, with smaller spatial Stroop eVect
on valid trials (17 ms) than on invalid trials (26 ms), both
being signiWcant, F(1,17) = 11.73, p = .003; F(1,17) =
34.03, p < .001.

In addition, the comparison of the magnitude of the
reduction in the spatial Stroop eVect by cueing with onset–
oVset cues to that observed with oVset cues showed that the
latter (9 ms) was smaller than the former (24 ms),
t(17) = 2.392, p = .029.

In line with the second purpose of the present study and
to separate the three-way interaction in a diVerent way, a
separate ANOVA was performed for congruent condition
and incongruent conditions, with cue type, cueing and SOA
as within-participants variables.

The analysis of the congruent condition data revealed a
signiWcant main eVect of cueing, F(1,17) = 35.292,
p < .001, and a marginal signiWcant interaction between cue
type and SOA, F(2,34) = 3.148, p = .056. Importantly, the
interaction between cue type and cueing was not signiWcant
(F < 1), and no other eVects were signiWcant.

The analysis of the incongruent condition data revealed a
signiWcant main eVect of cueing, F(1,17) = 174.208,
p < .001. Cue type interacted with SOA, F(2,34) = 5.028,
p = .012. In sharp contrast to the congruent condition, cue
type interacted with cueing, F(1,17) = 7.918, p = .012, with
smaller cueing eVect with oVset cues (29 ms) than with
onset cues (44 ms).

In addition, the comparison of the cueing eVect between
the congruent and incongruent conditions revealed that the
former (20 ms) was smaller than the latter (37 ms),
t(17) = 4.872, p < .001.

In the error analysis, there was a main eVect of spatial
Stroop, F(1,17) = 10.325, p = .005, with lower error rate on
congruent trials (2.5%) than on incongruent trials (3.8%).
There was an interaction between cueing and spatial
Stroop, F(1,17) = 5.386, p = .033, with smaller spatial

Stroop eVect on validly cued trials (.6%) than on invalidly
cued trials (2.0%). The latter was signiWcant, F(1,17) =
10.12, p = .005, whereas the former was not F(1,17) = 3.11,
p = .094.

Discussion

As in Lupiáñez and Funes (2005) and Funes et al. (2007),
the cueing eVects with onset–oVset cues did not revert to
IOR even at the 600 ms SOA. Also, as with onset–oVset
cues, the cueing eVects with oVset cues did not revert to
IOR, which is inconsistent with some previous studies that
showed early inhibition with oVset cues (i.e., with a 100 ms
SOA) (e.g., Gawryszewski et al., 1994; Riggio et al., 1998;
Pratt & Hirshhorn, 2003; Samuel & Weiner, 2001).
Moreover, attentional cueing eVects were modulated by
spatial Stroop with smaller eVects for congruent than for
incongruent targets, this modulation taking place with both
onset–oVset and oVset cues.

Importantly, as observed in previous studies (e.g.,
Riggio et al., 1998; Pratt & McAuliVe, 2001; Vingilis-
Jaremko et al., 2008), there was no advantage for onset–
oVset cues over oVset cues when the direction of the target
arrow and its position were congruent. However, when they
were incongruent, greater facilitation eVects were observed
with onset–oVset cues than with oVset cues, which was con-
sistent with some previous studies (e.g., Boot et al., 2005;
Brockmole & Henderson, 2005).

The spatial Stroop eVect was modulated by cueing with
onset–oVset cues, replicating previous studies (Lupiáñez
& Funes, 2005; Funes et al., 2007, 2008). More impor-
tantly, the spatial Stroop eVect was also modulated by
cueing with oVset cues. Although the magnitude of the
modulation was smaller with oVset than with onset–oVset
cues, reduced spatial Stroop was also observed at loca-
tions validly cued by oVset cues, as compared to invalid
oVset cued locations.

Fig. 2 Mean reaction time 
(in ms) as a function of cue type, 
cueing, spatial Stroop and SOA 
in Experiment 1
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Experiment 2

In Experiment 1, we tried to equate the physical character-
istics of onset–oVset and oVset cues, including the dynamic
change. There was an important diVerence between the two
types of cues regarding the duration of the cue. For onset–
oVset cues, the cue duration was deWned as 100 ms,
whereas for the oVset cue, the cue duration was equal to the
SOA. The aim of this manipulation was to make it compa-
rable to previous studies (e.g., Danziger et al., 2001;
Lupiáñez & Funes, 2005; Funes et al., 2007, 2008). How-
ever, given that cue duration was diVerent for the two types
of cues, it is not clear whether the diVerent cueing eVects
observed for onset–oVset versus oVset cues were due to the
nature of the cue or rather to cue duration. Thus, in this
experiment we attempted to rule out any possible role of
cue duration, by making onset–oVset cues also coincide
with SOA (see Fig. 3).

Method

Participants

Seventeen undergraduate students (4 males and 13 females)
and two postgraduate students (1 male and 1 female) took
part in the experiment for payment. All participants had
normal or corrected-to-normal vision and were naive to the
purpose of the experiment.

Apparatus, stimuli, procedure and design

The apparatus, stimuli, procedure and design were identical
to Experiment 1, except that for onset–oVset cue we
changed the cue duration to 300 and 600 ms at the 300 and
600 ms SOAs, respectively.

Results and discussion

Mean correct RTs and percentages of errors per experi-
mental condition are presented in Table 2. Mean RT and
errors were submitted to separate analyses of variance
(ANOVAs) with four within-participants variables: cue
type (2, onset–oVset, oVset), cueing (2, valid, invalid), spa-
tial Stroop (2, congruent, incongruent) and SOA (3, 100,
300, 600 ms).

The ANOVA performed on RTs revealed main eVects of
cueing, F(1,18) = 60.395, p < .001, and spatial Stroop,
F(1,18) = 53.906, p < .001. Cueing interacted with spatial
Stroop, F(1,18) = 19.687, p < .001, and SOA, F(1,18) =
3.586, p = .038. Spatial Stroop interference was smaller on
validly cued trials (12 ms) than on invalidly cued trials
(33 ms). Cue type interacted with spatial Stroop, F(1,18) =
4.924, p = .040, with larger spatial Stroop interference on
onset–oVset trials (26 ms) than that on oVset trials (19 ms),
t(18) = 2.219, p = .040. As in Experiment 1, the interaction
between cue type, cueing and spatial Stroop was signiW-
cant, F(1,18) = 7.486, p = .014. No other eVects were
signiWcant (Fig. 4).

To disentangle this interaction, and in terms of the Wrst
purpose of the present study, a separate ANOVA was per-
formed for each cue type, with cueing, spatial Stroop and
SOA as within-participants variables.

The onset–oVset cue analysis revealed two main eVects
of two variables, cueing and spatial Stroop, F(1,18) =
43.992, p < .001, F(1,18) = 55.450, p < .001. The interac-
tion of most concern between cueing and spatial Stroop was
signiWcant, F(1,18) = 30.248, p < .001, with smaller spatial
Stroop eVect on valid trials (12 ms) than on invalid trials
(41 ms), although both eVects were signiWcant, F(1,18) =
8.65, p = .009; F(1,18) = 75.97, p < .001, respectively.

The oVset cue analysis also revealed three main eVects,
cueing and spatial Stroop, F(1,18) = 22.111, p < .001,

Fig. 3 The basic trial sequence used in Experiment 2. The left three
columns represent onset cue condition and the right three columns
represent oVset cue condition
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+ +
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Offset Cue
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Table 2 Mean reaction time (in ms) and mean percentage of error as a function of cue type, cueing, spatial Stroop and SOA for Experiment 2

Onset–oVset OVset

Congruent Incongruent Congruent Incongruent

Valid Invalid Valid Invalid Valid Invalid Valid Invalid

100 ms SOA 484 (2.5%) 490 (1.4%) 494 (3.5%) 535 (5.2%) 483 (4.2%) 488 (1.7%) 491 (3.9%) 519 (4.3%)

300 ms SOA 467 (1.6%) 485 (1.1%) 483 (3.0%) 522 (5.6%) 477 (2.7%) 499 (2.1%) 491 (2.2%) 524 (3.7%)

600 ms SOA 486 (2.9%) 491 (1.4%) 497 (2.4%) 529 (3.8%) 488 (1.9%) 494 (1.6%) 504 (2.8%) 513 (4.8%)
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F(1,18) = 31.253, p < .001, respectively. Cueing interacted
with SOA, F(1,18) = 3.342, p = .047, with signiWcant cue-
ing eVect at the short SOA (16 ms), F(1,18) = 16.34,
p = .001, and at the medium SOA (27 ms), F(1,18) = 19.31,
p < .001, but not at the long SOA (7 ms), F(1,18) = 1.24,
p = 0.280.

Importantly, the interaction of most concern between
cueing and spatial Stroop was signiWcant, F(1,18) = 4.980,
p = .039, with smaller spatial Stroop interference on valid
trials (12 ms) than on invalid trials (26 ms), both being
signiWcant, F(1,18) = 7.84, p = .012; F(1,18) = 34.24,
p < .001.

In addition, comparing the magnitude of spatial Stroop
reduction by cueing with onset cues to that with oVset cues
showed that the latter (14 ms) was smaller than the former
(29 ms), t(18) = 2.392, p = .029.

As in Experiment 1, to disentangle the three-way inter-
action and in line with the second aim of the present study,
separate ANOVAs were performed for the congruent and
the incongruent condition, with cue type, cueing and SOA
as within-participants variables.

The analysis of the congruent condition data revealed
a signiWcant main eVect of cueing, F(1,18) = 9.545,
p = .006. The interaction between cue type and cueing
was not signiWcant (F < 1), and no other eVects were
signiWcant.

The analysis of the incongruent condition data revealed a
signiWcant main eVect of cueing, F(1,18) = 66.408,
p < .001. However, cueing interacted now with SOA,
F(2,36) = 4.366, p = .020. Although the cueing eVect was
signiWcant at the short (35 ms), medium (46 ms) and long
SOA (21 ms), F(1,18) = 75.82, p < .001, F(1,18) = 54.66,
p < .001, F(1,18) = 11.19, p = .004, respectively, it was
reduced at the long one. More importantly, as in Experi-
ment 1, and in sharp contrast with the congruent condition,
cue type interacted with cueing, F(1,18) = 5.471, p = .031,
with smaller cueing eVect for oVset cue (24 ms) than for
onset cue (38 ms).

In addition, the comparison of the cueing eVect between
the congruent and incongruent conditions revealed that the
former (10 ms) was smaller than the latter (31 ms), t(18) =
4.437, p < .001.

In the error rate analysis, there was a main eVect of spa-
tial Stroop, F(1,18) = 11.261, p = .004, and an interaction
between cueing and spatial Stroop, F(1,18) = 11.787,
p = .003, with signiWcant spatial Stroop eVect on invalidly
cued trials, F(1,18) = 15.22, p = .001, but not on validly
cued trials (F < 1).

Overall, as in Experiment 1, the cueing eVects did not
invert into inhibition of return even at the 600 ms SOA for
both cue types. For the oVset cue, the cueing eVect was
modulated by SOA, while it did not invert into inhibition of
return even at the long SOA. In fact, it remained signiW-
cantly positive. Moreover, a modulation of attentional cue-
ing eVects by spatial Stroop was again observed with
smaller cueing eVects for congruent targets. Importantly, as
in Experiment 1, similar facilitation was observed for onset
and oVset cues with congruent targets, whereas greater
facilitation was observed for onset than for oVset cues with
incongruent targets. Again, the spatial Stroop eVect was
modulated by cueing. More importantly, the spatial Stroop
eVects were also modulated by cueing with oVset cues. The
overall pattern of results from Experiments 1 and 2 there-
fore shows that the change in cue duration does not aVect
the pattern of modulation of cueing over the spatial Stroop
with onset–oVset cues, and the overall eVects of onsets and
oVsets on visual attention in the spatial Stroop task.

Experiment 3

In this experiment, we aimed to further investigate the role
of onset and oVset cues in the spatial Stroop task. Note that
onset cues disappeared when the target appeared, thus
leading to a change in the cued location at the moment the
target appeared. In contrast, with oVset cues, there was no

Fig. 4 Mean reaction time 
(in ms) as a function of cue type, 
cueing, spatial Stroop and SOA 
in Experiment 2
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extra change in the display once the oVset cue disappeared.
Thus, in this new experiment, in the onset cue condition,
the cue did not disappear until the trial terminated, to
equate the dynamic properties of onset and oVset cues.

Method

Participants

Eighteen undergraduate students (8 males and 10 females)
took part in the experiment for payment. All participants
had normal or corrected-to-normal vision and were naive to
the purpose of the experiment.

Apparatus, stimuli, procedure and design

The apparatus, stimuli, procedure and design were identical
to Experiment 2, except that in the onset cue condition the
cue remained visible until the trial terminated (Fig. 5).

Results and discussion

Mean correct RTs and percentages of errors per experimen-
tal condition are presented in Table 3. RT and errors were
submitted to separate analyses of variance (ANOVAs) with
four within-participants variables: cue type (2, onset,
oVset), cueing (2, validly cued, invalidly cued), spatial
Stroop (2, congruent, incongruent) and SOA (3, 100, 300,
600 ms).

The ANOVA performed on RTs revealed main eVects of
cueing, F(1,17) = 38.696, p < .001, and spatial Stroop,
F(1,17) = 22.798, p < .001. Cueing interacted with spatial
Stroop, F(1,17) = 19.669, p < .001, with smaller spatial
Stroop eVects on validly cued trials (13 ms) than on inval-
idly cued trials (34 ms). Also, cueing interacted with cue
type, F(1,17) = 7.509, p = .014, with smaller cueing eVects
with oVset cues (15 ms) than with onset cues (31 ms). The
interaction between cueing and SOA was marginally sig-
niWcant, F(2,34) = 3.205, p = .053.

As in Experiment 1–2, and in line with the Wrst purpose
of the present study, a separate ANOVA was performed for
each cue type, with cueing, spatial Stroop and SOA as
within-participants variables.

The onset cue analysis revealed signiWcant main eVects
of cueing and spatial Stroop, F(1,17) = 67.479, p < .001,
F(1,17) = 14.347, p = .001. Cueing interacted with SOA,
F(2,34) = 4.428, p = .020, although signiWcant cueing
eVects were observed at each SOA; 100 ms (29 ms),
F(1,17) = 69.77, p < .001, 300 ms (43 ms), F(1,17) = 38.00,
p < .001, and 600 ms (20 ms), F(1,17) = 9.95, p = .006.

As shown in Table 3 and Fig. 6, the interaction of most
concern between cueing and spatial Stroop was signiWcant,
F(1,17) = 14.733, p = .001, with smaller spatial Stroop
eVect on validly cued trials (9 ms) than on invalidly cued
trials (36 ms), and only the latter being signiWcant,
F(1,17) = 29.64, p < .001.

The oVset cue analysis also revealed main eVects of cue-
ing and spatial Stroop, F(1,17) = 7.052, p = .017;
F(1,17) = 20.811, p < .001. Again, as shown in Table 3 and
Fig. 6, the interaction of most concern between cueing and
spatial Stroop was also signiWcant, F(1,17) = 5.502,
p = .031, with smaller spatial Stroop eVect on validly cued
trials (15 ms) than on invalidly cued trials (32 ms), both
being signiWcant, F(1,17) = 5.48, p = .032, F(1,17) = 27.53,
p < .001, respectively.

In addition, comparing the magnitude of spatial Stroop
reduction by cueing with onset versus oVset cues showed
that the latter (17 ms) was numerically smaller than the
former (27 ms), although not signiWcantly diVerent,
t(17) = 1.028, p = 0.318.

As in Experiment 1–2, and in line with the second
purpose of the present study, a separate ANOVA was

Fig. 5 The basic trial sequence used in Experiment 3. The left three
columns represent onset cue condition and the right three columns
represent oVset cue condition
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Table 3 Mean reaction time (in ms) and mean percentage of error as a function of cue type, cueing, spatial Stroop and SOA for Experiment 3

Onset OVset

Congruent Incongruent Congruent Incongruent

Valid Invalid Valid Invalid Valid Invalid Valid Invalid

100 ms SOA 515 (3.9%) 527 (4.3%) 524 (4.7%) 571 (7.7%) 508 (4.1%) 514 (3.3%) 519 (6.2%) 544 (7.7%)

300 ms SOA 507 (4.1%) 537 (5.7%) 511 (5.2%) 568 (8.9%) 517 (2.7%) 523 (3.5%) 534 (5.4%) 557 (7.2%)

600 ms SOA 518 (4.7%) 528 (4.6%) 532 (5.4%) 562 (5.7%) 517 (2.9%) 523 (4.9%) 534 (5.8%) 554 (7.7%)
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performed for the congruent and incongruent conditions of
spatial Stroop with cue type, cueing and SOA as within-
participants variables, respectively. The analysis of the con-
gruent condition data revealed a signiWcant main eVect of
cueing, F(1,17) = 9.566, p = .007. The interaction between
cue type and cueing was not signiWcant, F(1,17) = 2.366,
p = 0.142, and no other eVects reached signiWcance.

The analysis of the incongruent condition data revealed a
signiWcant main eVect of cueing, F(1,17) = 47.044,
p < .001. The interaction between cueing and SOA was sig-
niWcant, F(2,34) = 4.410, p = .020, with smaller cueing
eVect at the long SOA, although it was signiWcant at all
short (35 ms), medium (40 ms) and long SOAs (25 ms),
F(1,17) = 43.96, p < .001, F(1,17) = 95.10, p < .001,
F(1,17) = 12.37, p = .004, respectively. In sharp contrast to
the congruent condition, cue type interacted with cueing,
F(1,17) = 6.624, p = .020, with smaller cueing eVect for
oVset cues (23 ms) than for onset cues (45 ms).

In addition, the comparison of the cueing eVect between
the congruent and incongruent conditions revealed that the
former (12 ms) was smaller than the latter (34 ms),
t(17) = 4.435, p < .001.

In the error rate analysis, only the main eVects of cueing,
F(1,17) = 29.435, p < .001, and spatial Stroop,
F(1,17) = 8.105, p = .011, were signiWcant. No other eVects
were signiWcant.

Overall, as in Experiment 1 and 2, the cueing eVects did
not invert into inhibition of return even at the 600 ms SOA,
regardless of the cue type. Also, a similar modulation of
attentional cueing eVects by spatial Stroop was observed
with smaller cueing eVects for congruent targets. Impor-
tantly, as in Experiment 1 and 2, there was no advantage of
onset cues over oVset cues with congruent targets, whereas
greater facilitation was observed for onset than for oVset
cues with incongruent targets. Again, and more impor-
tantly, the spatial Stroop eVect was modulated by cueing
with onset and oVset cues.

Comparative analysis

To compare the results of the three experiments, an
ANOVA was performed on the mean correct RTs from the
three experiments, with experiment (Experiments 1, 2, 3) as
a between-participant variable and cue type (onset–oVset or
onset, oVset), cueing (validly cued, invalidly cued), spatial
Stroop (congruent, incongruent), and SOA (100, 300,
600 ms) as within-participant variables. There were two
signiWcant main eVects, cueing, F(1,52) = 191.599,
p < .001, and spatial Stroop, F(1,52) = 118.870, p = .001,
whereas neither the main eVect of experiment nor the inter-
action of experiment with any of the other factors was sig-
niWcant (all ps ¸ 0.164). Cueing interacted with cue type,
F(1,52) = 11.190, p = .002, spatial Stroop, F(1,52) =
60.467, p < .001, and SOA, F(2,104) = 6.360, p = .002.
Importantly, the three-way interaction between cue type,
cueing and spatial Stroop was signiWcant, F(1,52) = 9.923,
p = .003, independent of the experiment (F < 1).

The separate ANOVAs performed for each cue type,
with experiment as a between-participant variable and cue-
ing, spatial Stroop and SOA as within-participant variables,
showed similar results to those observed for each individual
experiment. The onset–oVset or onset cue analysis revealed
signiWcant main eVects of cueing, spatial Stroop and SOA,
F(1,52) = 185.530, p < .001; F(1,52) = 101.733, p < .001;
F(2,104) = 3.921, p = .023, and again no main eVect of
experiment or interaction of experiment with any of the
other factors (all ps ¸ 0.191). Importantly, the interaction
between cueing and spatial Stroop was signiWcant,
F(1,52) = 61.939, p < .001, with smaller spatial Stroop on
validly cued trials (11 ms) than on invalidly cued trials
(38 ms), independent of experiment (F < 1).

The oVset cue analysis also revealed signiWcant main
eVects of cueing, spatial Stroop and SOA, F(1,52) = 58.153,
p < .001; F(1,52) = 74.028, p < .001; F(2,104) = 4.688,
p = .011, and no main eVect of experiment or interaction of

Fig. 6 Mean reaction time 
(in ms) as a function of cue type, 
cueing, spatial Stroop and SOA 
in Experiment 3
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experiment with any of the other factors (all ps ¸ 0.276).
Again, the interaction of most concern between cueing and
spatial Stroop was also signiWcant, F(1,52) = 14.568,
p < .001, with smaller spatial Stroop eVect on validly cued
trials (15 ms) than on invalidly cued trials (28 ms), inde-
pendent of experiment (F < 1). Thus, as in each individual
experiment, spatial Stroop was reduced by cueing the target
location with either an onset or an oVset. However, cueing
with an onset and onset–oVset led to a greater reduction
(27 ms) than cueing with an oVset (13 ms), t(54) = 2.765,
p = .008.

All the eVects that were signiWcant in the analyses for
each individual experiment were signiWcant in the individ-
ual omnibus ANOVA and independent of the experiment.

General discussion

The present study investigated the relation between atten-
tional capture by onset versus oVset cues and the spatial
Stroop eVect. In particular, we sought to determine whether
the modulation of peripheral cueing over the spatial Stroop
eVect, which has been observed when the appearance of an
onset–oVset is used as cue, also occurs when an object dis-
appearance (oVset) is used as cue. Experiments 1 and 2
compared the attentional eVects of onset–oVset cues and
oVset cues in the spatial Stroop task, and Experiment 3
compared the attentional eVects of onset cues and oVset
cues in the spatial Stroop task.

Across the three experiments, the cueing eVects did not
invert into inhibition of return even at the 600 ms SOA,
regardless of the cue type. This outcome is inconsistent
with previous studies (e.g., Gawryszewski et al., 1994;
Samuel & Weiner, 2001), which observed IOR with oVset
cues even when the SOA was shorter than 100 ms. The
absence of IOR in our experiments even at the 600 ms
long SOA might be due to the additional perceptual con-
Xict present in the discrimination task. The spatial congru-
ency manipulation may need an additional perceptual
eVort to resolve the conXict between the relevant and
irrelevant dimensions, which may increase facilitation at
the validly cued location (Klein, 2000) or maintain the
perceptual integration set (see Lupiáñez et al., 2001, for a
discussion and a similar result using a diYcult form dis-
crimination task), both consequently delaying the appear-
ance of IOR. Similar long-lasting facilitation eVects were
obtained by Lupiáñez and Funes (2005); see also Funes
et al. (2007) for the spatial Stroop task and the study by
Callejas, Lupiáñez, Funes and Tudela (2005) for the
Flanker task.

Nevertheless, the most important Wnding was, in line
with our hypotheses, that the spatial Stroop eVect was mod-
ulated by cueing not only for onset or onset–oVset cues, but

also for oVset cues, with smaller spatial Stroop eVects on
validly cued trials than on invalidly cued trials. Impor-
tantly, however, onset–oVset or onset cues led to a greater
reduction of spatial Stroop than oVset cues. This outcome
was helpful to diVerentiate the three accounts for the reduc-
tion of spatial Stroop by peripheral cueing.

The referential coding account proposed by Danziger
et al. (2001) can easily explain the modulation of cueing
over the spatial Stroop eVect with onset–oVset or onset
cues, because on invalidly cued trials the target would be
coded relative to the object cue and the central cross, while
on validly cued trials the target location would be coded
only relative to the central cross. However, this account
cannot explain why this modulation also occurred for oVset
cues. According to this account, on validly cued trials, the
target would be coded relative to the uncued location object
(the remaining box in the screen) and the central cross,
while on invalidly cued trials the target location would be
coded only relative to the central cross; importantly, it will
not be coded relative to the location cued by an oVset, as no
object will be present there when the target appears. Thus,
this account should predict no modulation, or opposite
modulation of spatial Stroop by oVset cueing (i.e.,
increased interference on validly cued trials), which was
obviously inconsistent with the outcome observed in the
present study.

The attention shift account can easily explain the modu-
lation of cueing over spatial Stroop with both onset–oVset
or onset cues and oVset cues. According to this account, no
spatial Stroop eVect would be measured on validly cued tri-
als, because there would be no additive movement of atten-
tion toward the target location when the target is presented,
resulting in no establishment of any extra location code (or
it would have disappeared by the time the target appears).
However, on invalidly cued trials, attention would move
from the cued location to the opposite location where the
target is presented, so that a new location code would be
created and a great spatial Stroop eVect would be observed.
However, as in the previous studies (Danziger et al., 2001;
Lupiáñez & Funes, 2005; Funes et al., 2007), with this
account, it would be diYcult to explain the observation in
the present study of a signiWcant (although reduced) spatial
Stroop eVect on validly cued trials.

Conversely, this Wnding thoroughly reconciles with the
event integration account for the reduction of spatial Stroop
eVect by cueing (Funes et al., 2007; Lupiáñez & Funes,
2005). According to this account, with valid onset–oVset or
onset cues, due to the spatial and temporal contiguity
between the cue object and the arrow target, they could
integrate together within the same object of event Wle
(Hommel, 2004; Kahneman et al., 1992). Integration occur-
ring on valid trials leads to the target not being coded as
appearing either above or below, but as appearing within
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the object Wle opened by the cue, which results in the reduc-
tion of the spatial Stroop eVect on validly cued trials. For
invalid trials, a new object Wle must be created when the
target appears, thus leading to simultaneous activation of
location and direction codes and therefore regular spatial
Stroop. Importantly, some integration processes might
occur for oVset cues, so that similar spatial Stroop reduc-
tions are observed, especially at short SOAs.

However, although both onset and oVset cues might lead
to the generation of an event code, only onset cues would
generate an object Wle. The coincidence of both object and
event representations in the case of onset cues (but not for
oVset cues) might lead to stronger cue–target integration
processes, and therefore the magnitude of the reduction of
spatial Stroop by cueing would be smaller with oVset than
with onset–oVset or onset cues, as observed in the reported
experiments.

If we look at the cueing £ spatial Stroop interaction
from a diVerent perspective, the cueing eVect was smaller
for congruent than for incongruent targets. Also, onset and
oVset cues led to similar cueing eVect for congruent tar-
gets, whereas onset cues produced greater cueing eVects
than oVset cues for incongruent targets. One might be
tempted to attribute this outcome to an additional percep-
tual eVort to resolve the conXict between the relevant and
irrelevant dimensions when they are incongruent. Follow-
ing Klein (2000), it could be argued that when the direc-
tion of the arrow and its position are incongruent, more
attentional resources may be allocated to the task, which,
in turn, leads to more attention being allocated to cued
locations. Essentially, as targets become more diYcult to
identify, the amount of attention allocated to the task
increases, and this results in greater attention capture from
peripheral cues. This basic notion has also been advanced
as an explanation as to why IOR occurs at longer SOAs in
identiWcation than in detection tasks (Klein, 2000) and
why older adults show IOR at longer SOAs than younger
adults (i.e., deWcits in sensory processing make target
detection tasks more diYcult for the elderly; Castel, Chas-
teen, Scialfa, & Pratt, 2003). Evidence for this interpreta-
tion also comes from Reuter-Lorenz, Jha and Rosenquist
(1996), who found more early facilitation and late IOR for
blocks of trials with dim targets than for those with bright
targets.

Note, however, that in our experiments the two types of
targets (i.e., congruent and incongruent) were randomly
mixed within the same block of trials. Therefore, the diVer-
ent cueing eVects observed for congruent and incongruent
targets cannot be explained on the basis that attention is
captured diVerently by the cue on congruent and incongru-
ent trials, or diVerently maintained on its location. Note that
the cue appears before the target, and, therefore, before
congruent and incongruent trials are deWned. Therefore, the

eVect must be explained as a diVerent manifestation of the
same attentional capture.

Note also that the target was always an onset event, and,
therefore, more similar to onset or onset–oVset cues than to
oVset cues. Therefore, we might expect a greater cueing
eVect for the target matching the type of cue (i.e., onset
cues), as a speciWc attentional control setting would be cre-
ated for it. In fact, in a recent study (Chica, Lupiáñez,
Rossi, & Riggio, submitted), greater (or more positive) cue-
ing eVects have been observed when the cue and the target
have the same type of event (either onset or oVset) as com-
pared to when they have diVerent type. However, again this
account would not explain why this greater cueing eVect for
onset or onset–oVset cues only occurred for the incongruent
targets, in spite of congruent and incongruent targets being
randomly mixed within the same block of trials and, there-
fore, not being able to generate diVerential attentional con-
trol setting. Again, the eVect must be rather explained as a
diVerent manifestation of the same attentional capture.

In fact, attentional capture has been shown to be more
beneWcial for more perceptually complex targets (Lupiáñez,
Ruz, Funes, & Milliken, 2007). According to these authors,
greater beneWts are obtained for targets beneWting more
from spatial selection (Lupiáñez & Chica, submitted). As
stated above, onset or onset–oVset cues might lead to more
eYcient cue–target integration processes than oVset cues,
due to the coincidence of both object and event representa-
tions in the former. Thus, onset or onset–oVset cues would
lead to greater beneWts in the spatial selection of the target
without the need to generate a new spatial code, which in
turn would produce greater cueing eVects, especially in
more perceptually demanding situations such as the incon-
gruent conditions in our experiments. Therefore, onset or
onset–oVset cues would produce a greater cueing eVect for
incongruent targets because they would be more eYcient in
selecting the object representation of the target that is
needed to perform the analytic perceptual processing,
which is in turn needed to select the target direction in the
context of a competing location.

Actually, we have recently observed some evidence
indicating that the modulation of cueing on spatial interfer-
ence is object based, as predicted by the event integration
account (Luo, Lupiáñez, Funes, & Fu, 2009; Experiment
1). In this study, we combined a double-rectangle cueing
task developed by Egly, Driver and Rafal (1994) with the
spatial Stroop task used by Lupiáñez and Funes (2005) to
separate the role of object-based and space-based attention
on spatial codes and to further understand the role of
attention in the generation and modulation of spatial codes.
Participants were presented on each trial two parallel rect-
angles symmetrically arranged at each side of the Wxation
point, either vertically or horizontally, while they were
instructed to identify the direction of a left–right pointing
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arrow, which could appear at one end of one of the rectan-
gles. Shortly before the target onset, the end of one of the
rectangles was Xashed brieXy as a cue. On 25% of the trials
(valid-cue trials), the target was presented at the cued loca-
tion. On the remaining trials, the target appeared at one of
the two locations equally distant from the cued location
(i.e., at the opposite end of the same rectangle, same object
trials, or at the nearer end of the other rectangle, diVerent-
object trials), or at the rectangle end diametrically opposite
to the cued end. We observed that responses were faster on
same location trials than on the other trials, indicating that
location or distance from the cue aVected performance (a
space-based eVect), and for same object targets than for
diVerent object targets, notwithstanding their equivalent
distance from the same location, indicating that the rectan-
gle object also inXuenced the allocation of attention: an
object-based eVect. Importantly, we observed that the spa-
tial Stroop eVect was modulated by object-based attention,
but not by space or location-based attention. For the con-
gruent condition, only a location-based eVect was observed
(i.e., responses were faster at the cued location than at
uncued locations, with no diVerence between cued and
uncued object). However, for incongruent targets, both
location- and object-based eVects were observed. Thus, it
seems that object-based attention (perhaps through object
integration processes) is especially eVective in helping pro-
cessing needed to solve spatial incongruence. These object
integration processes seem to be especially involved when
a real object is presented (i.e., with onset cues), thus
explaining the greater cueing eVect of onset cues with
incongruent targets.

With other research paradigm, it has been also shown
that cue types (onset vs. oVset) can determine other atten-
tional eVects such as the disengage deWcit in neglect
patients (Bartolomeo, 2007). Rastelli, Funes, Lupiáñez,
Duret and Bartolomeo (2008) observed that neglect patients
performed as control participants with oVset cues, showing
attentional orienting but not disengage deWcit, whereas they
showed the standard disengage deWcit with onset cues
(excessively long RT when the cue was presented to the
right and the target to the left). These results were inter-
preted as suggesting that the disengage deWcit is object
based.

One main diVerence between the present study and some
of the previous studies investigating the relation between
onset cueing and spatial Stroop (Funes et al., 2007, 2008;
Lupiáñez & Funes, 2005) is that we manipulated the diVer-
ent levels of SOA blocked, instead of mixed within a given
block of trials. This might be responsible, at least in part,
for the lack of spatial Stroop by cueing by SOA interaction,
which was observed in previous studies, with the reduction
of spatial Stroop on valid trials being stronger at short than
at long SOAs (Funes et al., 2007, 2008). However in the

present study, the reduction of spatial Stroop on valid trials
seems very similar across SOAs in the three experiments.
The within-block manipulation of SOA might allow partic-
ipants to be easily sensitive to the relative diVerence
between long and short time distance, thus the long SOA
being perceived longer than when all trials are equally long
(on block designs). Consequently, this might aVect the ease
of cue–target integration processes at long levels of SOA,
which are more diYcult to occur on mixed designs than on
blocked ones. Nevertheless, more research should be
carried out to test this hypothesis.

In conclusion, in the three reported experiments, we
have observed that onset or onset–oVset and oVset cues
seem to be eVective in capturing attention. However, the
attentional capture by onset or onset–oVset cues seems to
be more eVective in facilitating processing than that by
oVset cues, especially when target discrimination processes
are more important (i.e., in the incongruent condition).
Similarly, onset or onset–oVset cues seem to be more eVec-
tive than oVset cues in reducing spatial Stroop interference
at the cued location. The overall pattern of results is consis-
tent with object or event cue–target integration processes as
determinant of the beneWts in spatial selection driven by
peripheral spatial cueing.
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