
Allocating visual attention to potentially important lo-
cations and objects in a visual scene is a critical function 
of the visual system. Extensive literature in which visual 
search tasks were used has reported the mechanisms con-
trolling visual attention and demonstrated that the visual 
system can utilize an observer’s memory or knowledge ac-
quired through past experience to guide attention to eco-
logically relevant information in the scene (e.g., Chun & 
Jiang, 1998; Klein, 1988; Maljkovic & Nakayama, 2000; 
Watson & Humphreys, 1997). 

One recent demonstration showed that a memory-based 
process facilitates the attentional acquisition of the rel-
evant information (Chun & Jiang, 1998). Chun and Jiang 
had participants perform hundreds of inefficient visual 
search tasks that involved serial deployments of attention. 
In half of the trials, targets were embedded in configura-
tions of distractors that were repeated throughout the entire 
experiment (repeated layouts), whereas in the other half of 
the trials targets were presented in novel configurations 
of distractors (nonrepeated layouts). The target always 
appeared in the same location in a given configuration. 
The results showed that the search reaction time (RT) for 
targets was shorter in the repeated layouts than in the non-
repeated layouts, and the difference in RT became greater 
as the experiment progressed. This benefit of repeated 
spatial layouts of displays is referred to as the contextual 
cuing effect. The contextual cuing effect occurs without an 
awareness of learning or an explicit memory of repeated 
layouts. When participants were asked to discriminate 
the repeated layouts from the nonrepeated layouts, they 

could not perform the discrimination above chance level 
even though the contextual cuing effect was present in the 
repeated layouts. These results were interpreted to mean 
that the participants implicitly learned the contingency 
between locations of targets and those of distractors as 
contextual information, which guided visual attention to 
the potential target locations when previously learned lay-
outs were presented.

The contextual guidance of visual attention is consid-
ered to be ecologically valid in most cases because the 
visual environment that we encounter in our everyday life 
tends to contain regularities (Chun, 2000; Fiser & Aslin, 
2001, 2002; Reber, 1989; Saffran, Aslin, & Newport, 1996). 
However, contextual information is not always invariant over 
time. Objects may move to other locations, or objects that 
were not present in the past may appear in the scene. Thus, 
in addition to contextual guidance of attention to locations 
where targets were presented in the past, it is ecologically 
useful to allocate attention to a new object and to update 
contextual information if necessary, because new objects 
potentially tend to be relevant for survival, food seeking, 
and so on. Is visual attention guided toward a location 
of such a contextually new object when it appears in a 
learned display?

Although there is substantial evidence that attention is 
involuntarily guided or captured by the abrupt appearance 
of an object in a display (see, e.g., Hillstrom & Yantis, 
1994; Jonides & Yantis, 1988; Theeuwes, 1994; Yantis, 
1993; Yantis & Jonides, 1984, 1990), less is known regard-
ing whether or not contextually new objects guide atten-
tion to their locations. To the best of our knowledge, this 
issue has been examined in only a few studies (Peterson 
& Kramer, 2001a, 2001b). Peterson and Kramer (2001b) 
examined whether or not contextual cuing is modulated 
when attention is captured by an abrupt-onset distractor 
in a display. In their experiment, a set of placeholders to 
mark future locations of search items was presented for 
747 msec, followed by a search display with a repeated or 
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nonrepeated layout. After hundreds of learning trials with 
repeated and nonrepeated layouts, an additional distrac-
tor was presented simultaneously with a search display 
at a location that was not previously occupied by a place-
holder. Since an additional distractor abruptly appeared at 
a location where no search items had been present during 
learning, it would serve as an object that is both contextu-
ally and perceptually new in repeated layouts. The results 
showed that the increase in search RT caused by abrupt 
onsets was smaller in the repeated than in the nonrepeated 
layouts, suggesting that contextual cuing suppressed the au-
tomatic allocation of attention to abrupt-onset distractors.

At first glance, Peterson and Kramer’s (2001b) results 
appear to contradict the notion that contextual informa-
tion guides attention toward contextually new objects. 
However, we would argue that the results were due to the 
presentation of the placeholders that allowed contextual 
guidance of attention toward the target location before the 
appearance of a new object. Thus, before the presentation 
of an onset distractor, attention was guided to a target lo-
cation, resulting in the prevention of attentional capture by 
an onset distractor. This argument is consistent with previ-
ous studies indicating that attentional capture by abrupt 
onsets fails to occur when attention is focused elsewhere 
in advance (Koshino, Warner, & Juola, 1992; Theeuwes, 
Kramer, Halm, & Irwin, 1998; Yantis & Jonides, 1990). 
We would also argue that because an abrupt onset of 
objects is in itself a very strong perceptual cue to guide 
attention toward their locations, it might interact with 
attentional guidance by contextual cuing. Under such cir-
cumstances, it may be difficult to examine the effect of 
attentional guidance to contextually new objects under the 
presentation of abrupt-onset objects.

In the present study, we examined whether or not con-
textually new objects that do not involve a perceptual cue 
by abrupt onsets guide visual attention. Participants en-
gaged in a learning session that consisted of 540 famil-
iarization trials with repeated and nonrepeated layouts, 
followed by a test session with the learned layouts plus a 
distractor item that had never appeared in displays of the 
learning session and was incongruent with the contextual 
information learned in repeated layouts. To measure atten-
tional allocation to the contextually new objects directly, 
we adopted a hybrid paradigm of a visual search task and 
a probe detection task that allows the direct measurement 
of attentional allocation (see, e.g., Kim & Cave, 1995; 
Klein, 1988; Watson & Humphreys, 2000). In all trials 
of the learning session and in half of the trials of the test 
session, the participants performed a visual search task. 
In the other half of the trials in the test session, a probe 
task was presented in which the participants had to detect 
the presence of a small dot. The probe dot appeared at the 
location of a learned target, a learned distractor, or a new 
distractor that was added in the test session. If contextually 
new objects guide attention to their locations, RTs to probe 
dots on additional distractors in the repeated layout should 
be faster than those to probe dots on other distractors.

METHOD

Participants
Thirty-one paid volunteers (17 males and 14 females, 19–32 years 

of age) participated after giving informed consent. All had normal or 
corrected-to-normal visual acuity and normal color vision. None of 
the participants was aware of the purpose of this study.

Apparatus and Stimuli
The stimuli were presented on a Sony Trinitron monitor (80-Hz 

refresh rate). The experiment was programmed using MATLAB 
with Psychophysics Toolbox extensions (Brainard, 1997; Pelli, 
1997). A standard keyboard was used as a response device. The 
viewing distance was approximately 60 cm. The display elements 
were eight (learning session) or nine (test session) white outlined 
squares (1.0º  1.0º), each of which had a gap (0.12º) on one side 
(see Figure 1). The target had a gap on either the left or the right side 
of the square, and each distractor had a gap on the top or bottom. The 
displays consisted of one target and seven (learning session) or eight 
(test session) distractors. All search items were randomly placed in 
the cells of a 5  7 virtual matrix subtending 12.5º  12.5º of visual 
angle with some random jitters within the cells. The random jitters 
were constant across the repetitions.

At the beginning of the experiment, 18 target locations were 
selected from the matrix and paired with configurations of seven 
distractors. These 18 layouts were presented repeatedly throughout 
the experimental sessions in both search and probe trials (repeated 
layouts). In half of the trials of a session, the repeated layouts were 
presented. In the other half of the trials, displays were presented in 
which the same 18 target locations used in the repeated layouts were 
paired with a configuration of seven distractors newly generated in 
each trial (nonrepeated layouts). The target locations of repeated 
layouts were identical to those of nonrepeated layouts, so that any 
learning observed for repeated layouts could not be attributed to the 
learning of target locations per se.

Design and Procedure
The participants first engaged in a learning session and then in 

a test session. In the learning session, the participants performed 
only a search task. In the search trials, the participants were asked to 
search for a target among the distractors and to indicate the location 
of the gap in the target as quickly and accurately as possible. They 
were instructed to press, with the right index and middle fingers, 
respectively, the “ ” key if the target had a gap on the left side and 
the “ ” key if the target had a gap on the right side. The target was 
present in all trials.

The learning session consisted of 540 trials. There were 270 trials 
for repeated layouts, resulting in 15 presentations of each repeated 
layout. In the remaining 270 trials, nonrepeated layouts were pre-
sented. In the learning session, data were collapsed into five epochs, 
with each epoch consisting of data from 108 search trials (18 re-
peated layouts  3 presentations, plus 54 nonrepeated layouts).

In all trials of the test session, a distractor that had never been 
presented in the learning session was added to the display. Thus, in 
the test session the displays consisted of one target and eight distrac-
tors. The additional distractor was identical to the other distractors 
in appearance, but its location changed in each presentation in both 
the repeated and nonrepeated layouts. Since all distractors in the 
nonrepeated layouts were presented in new locations in each trial, 
the additional distractor served as a contextually new object only in 
the repeated layouts.

In half of the trials of the test session, a visual search task, which 
was the same as that used in the learning session, was presented. In 
the remaining trials, the probe detection task was presented. In the 
probe detection trials, the array of search items was accompanied 
by a 1000-Hz tone that lasted 50 msec. The tone indicated that the 
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participant should detect a small probe dot that was presented on one 
of the search items instead of searching for the target. The stimulus 
onset asynchrony between the onset of search items and that of the 
probe dot was 150 msec. The participants were instructed to press 
the “C” key with the left index finger as soon as they could detect 
the probe dot in a trial with a tone presentation (go/no-go task). A 
prolonged low-pitch tone was given after the participants’ response 
as feedback for errors in both search trials and probe trials. The order 
of trials was randomized so that the participants could not predict 
whether the next trial would be a search trial or a probe trial.

The test session consisted of 396 search trials and 396 probe de-
tection trials. Of the 396 trials for the search task, there were 198 
trials with repeated layouts and 198 trials with nonrepeated layouts. 
The 18 repeated layouts were identical to the layouts used in the 
learning session except for the presentation of an additional distrac-
tor, and each layout was presented repeatedly (11 times) throughout 
the search tasks in the test session. In the probe detection task as 
well, there were 198 trials with repeated layouts and 198 trials with 
nonrepeated layouts. The probe dot was presented at the location of 
a target, one of the previously presented distractors, or the additional 
distractor. The 198 probe trials for the repeated layout condition con-
sisted of 18 target-probe trials, 126 old-distractor-probe trials, 18 
additional-distractor-probe trials, and 36 catch trials in which no 
probe dot appeared.

RESULTS

The mean correct RT within each epoch was calcu-
lated for each layout condition. RTs that were shorter than 
100 msec or that exceeded the criterion set by Van Selst 
and Jolicœur (1994) were excluded from analysis (0.32% 

of all observations). Since the overall error rate was very 
low for the search task (0.21%) and the probe task (0.95%), 
no further analysis of errors was performed.

Search Task
Figure 2 illustrates the mean search RTs for each layout 

condition as a function of epoch. A two-way ANOVA was 
conducted with two within-subjects factors (layout, re-
peated vs. nonrepeated; epoch, 1–5). The analysis revealed 
significant main effects of layout [F(1,30)  18.69, p  
.001] and epoch [F(4,120)  16.27, p  .001]. Overall, 
RTs to targets were shorter in the repeated layouts than in 
the nonrepeated layouts and became shorter as the experi-
ment progressed. There was also a significant layout  
epoch interaction [F(4,120)  4.38, p  .005], indicating 
that the difference in RT between the repeated and nonre-
peated layouts was greater in later epochs than in earlier 
epochs of the experiment.

Figure 2 also shows RTs of the search task presented in 
the test session. As can be seen in the figure, there was an 
increase in search RTs in the test session with both layout 
conditions, due partly to the cost of task switching or task 
mixing (between the search and probe tasks) and the in-
crease in the number of search items. Despite the fact that 
these costs should affect search RTs in both repeated and 
nonrepeated layouts, the increase in the search RT was 
particularly marked for repeated layouts. The observations 
were statistically confirmed by a two-way ANOVA with 

Figure 1. Sequence of frames on a given trial. The display depicts the sequence of 
frames of a test session trial, which consisted of a target and seven distractors, one of 
which had never appeared in a learning session. The detection frame depicts a trial 
with a probe dot at the location of the search target (target probe). The actual stimuli 
were white against a black background.
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layout (repeat vs. nonrepeated) and session (Epoch 5 vs. 
test session) as main factors. There were significant main 
effects of layout [F(1,30)  25.89, p  .0001] and session 
[F(1,30)  16.42, p  .001], and there was a significant 
interaction between layout and session [F(1,30)  5.49, 
p  .05]. Also, a post hoc comparison (Tukey’s HSD test) 
revealed that search RTs in repeated layouts were shorter 
than those in nonrepeated layouts in the test session ( p  
.01).

Probe Task
Because additional distractors served as new objects in 

repeated layouts only, there were no probe RTs for the ad-
ditional distractors in nonrepeated layouts. Figure 3 shows 
the mean correct RTs as a function of probe location and 
layout condition in the probe detection task.

To analyze separately the effect of repetition of layouts 
on RTs for probes presented at the location of the learned 
target and RTs for the contextually new objects, we con-
ducted two ANOVAs. First, RTs in target- and distractor-
probe trials were entered into a two-way ANOVA with 
layout (repeated vs. nonrepeated) and probe (target vs. 
distractor) as main factors. There was a significant interac-
tion between layout and probe [F(1,30)  6.30, p  .05], 
reflecting the fact that RTs to probes at target locations 
were shorter than RTs to probes at distractor locations in 
repeated layouts and that there was no difference in non-
repeated layouts. No main effects reached significance. 
Second, RTs in old-distractor and additional-distractor tri-
als were entered into a one-factor (probe type: distractor in 
repeated layouts vs. distractor in nonrepeated layouts vs. 
additional distractor in repeated layouts) repeated mea-
sures ANOVA. The analysis showed a significant main 
effect [F(2,60)  4.84, p  .005]. Post hoc comparisons 
revealed that probe RTs at the location of a new object 
were shorter than those at the locations of other distractors 
with both repeated and nonrepeated layouts ( p  .05). 

The probe RTs for distractors did not differ significantly 
between repeated and nonrepeated layouts.

DISCUSSION

The results showed that RTs to a probe that appeared 
in the target location were shorter in the repeated layouts 
than in the nonrepeated layouts, suggesting that contextual 
cuing guided attentional allocation to the learned target 
locations in the repeated layouts. This confirmed the con-
textual cuing effect of target locations using a probe de-
tection task. More importantly, the present results clearly 
demonstrate that attention is guided to a contextually 

Figure 2. Mean correct search reaction times (in milliseconds) to the 
repeated and the nonrepeated layouts, plotted as a function of epoch. 
The error bars represent 95% confidence intervals.
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new object. RTs to probes in new-object locations were 
shorter than those to other distractors in the repeated lay-
outs. Since there was no perceptual difference between 
additional distractors and other distractors, this result can 
be attributed to contextual information’s guiding attention 
to new objects. Furthermore, the contextual effect on the 
learned target location, in comparison with that on the new 
object location, suggests that the new object location was 
prioritized at the same level as the target location. These 
results are consistent with recent work demonstrating that 
attention can be allocated to multiple noncontiguous loca-
tions in parallel (see, e.g., Awh & Pashler, 2000; Casti-
ello & Umiltà, 1992; Godijn & Theeuwes, 2003; Hahn & 
Kramer, 1998; Kramer & Hahn, 1995).

The present results advance the understanding of the 
role of contextual information in attentional guidance. 
Although previous studies have repeatedly shown that 
the learned context of display layouts guides attention to 
learned target locations, the present study demonstrates 
a new role of context information: that of guiding atten-
tion to contextually new objects. As we discussed in the 
introduction, although such a role is ecologically valid, 
no direct evidence has been presented. Hence, the present 
results may shed light on the relevance of consideration 
from the ecological point of view on the contextual cuing 
effect.

An important question that arises from our results is 
whether attentional prioritization of new objects is an im-
plicit process just as prioritization of a learned target in 
contextual cuing is. Although in the present experiment 
we did not test the participants’ explicit awareness of re-
peated context, we conducted an additional experiment to 
examine whether or not the participants were aware of re-
peated layouts and an additional distractor in the layouts. 
In this experiment, after completing a learning session, 
12 participants performed a recognition session instead of 
a test session. In the recognition session, layouts contained 
an additional distractor that did not appear in the learning 
session, and search items were replaced with squares that 
did not have gaps. The participants were asked to guess 
which hemifield of the display was most likely to contain 
the target and the additional distractor given the configu-
ration. The results showed that performance for both the 
target (55.2% and 56.8% in repeated and nonrepeated lay-
outs, respectively) and the additional distractor (51.4% 
and 52.3%, respectively) were not above chance level and 
did not significantly differ between repeated and nonre-
peated layouts, confirming that the participants did not 
explicitly remember repeated layouts and did not direct at-
tention to locations of an additional distractor. Therefore, 
our results demonstrate that the attentional system can 
detect a change in learned contextual information inde-
pendently of the observer’s awareness, and that it allocates 
attention to the location to update the learned contextual 
information.

Attentional guidance to contextually new objects may 
be mediated by a mechanism unlike that for attentional 
guidance to learned targets. Contextual cuing to learned 
target locations is assumed to be based on the memory 

for the relationship between a repeated target location 
and distractor locations (or a configuration of a display) 
learned in learning sessions. However, in the case of guid-
ance to new objects, there is no memory for the new ob-
ject locations because the new objects did not appear in 
the learning sessions. Thus, attentional guidance to con-
textually new objects occurs without a top-down signal 
concerning where to direct attention and with a bottom-
up signal of a search display. Some researchers in atten-
tional capture have argued that the appearance of a new 
object, rather than a transient signal that is induced by the 
onset of objects, plays a special role in attentional capture 
(Hillstrom & Yantis, 1994; Yantis & Hillstrom, 1994). The 
present results can be interpreted as new evidence that 
new objects can “capture” attention on the basis of im-
plicit information about the appearance of an object even 
when there is no perceptual impression of the emergence 
of new objects. Obviously, future research will be needed 
to examine this interpretation.

Numerous studies have demonstrated top-down influ-
ences of familiarity on visual perception, including the 
word superiority effect (Reicher, 1969), the object superi-
ority effect (Weisstein & Harris, 1974), and novel pop-out 
(Johnston, Schwarting, & Hawley, 1996). Among them, 
there is especially an apparent analogy between the new 
object advantage observed in the present study and the 
semantic inconsistent object advantage in natural scenes 
(Henderson, Weeks, & Hollingworth, 1999; Hollingworth 
& Henderson, 1998). For example, Hollingworth and 
Henderson asked participants to detect target objects in 
briefly presented line drawing scenes. The results showed 
that detection performance was better for objects that 
were semantically inconsistent with scene context (e.g., a 
mixer in a farmyard) than for objects that were consistent 
(e.g., a chicken in a farmyard). Recently, using the probe 
detection technique, Gordon (2004) demonstrated that 
semantically inconsistent objects affected the control of 
attentional deployment in the scene. Participants viewed 
briefly presented scenes followed by a probe dot appear-
ing at the location of a consistent or an inconsistent object. 
The results showed that the response to a probe at the site 
of the inconsistent object was faster than that to a probe 
at the site of the consistent object. This result is important 
because it provides strong evidence that the semantic con-
text of a scene can influence attentional allocation as well 
as display configurations learned in a contextual cuing 
task do. An important goal for future research is to exam-
ine the relationship between the mechanism of attentional 
allocations to the semantically inconsistent advantage and 
the mechanism of the new object advantage, which under-
lie the ecologically relevant control of visual attention in 
visual scenes encountered in everyday life.

REFERENCES

Awh, E., & Pashler, H. (2000). Evidence for split attentional foci. 
Journal of Experimental Psychology: Human Perception & Perfor-
mance, 26, 834-846.

Brainard, D. H. (1997). The Psychophysics Toolbox. Spatial Vision, 
10, 433-436.



548    OGAWA AND KUMADA

Castiello, U., & Umiltà, C. (1992). Splitting focal attention. Journal 
of Experimental Psychology: Human Perception & Performance, 18, 
837-848.

Chun, M. M. (2000). Contextual cueing of visual attention. Trends in 
Cognitive Sciences, 4, 170-178.

Chun, M. M., & Jiang, Y. (1998). Contextual cueing: Implicit learn-
ing and memory of visual context guides spatial attention. Cognitive 
Psychology, 36, 28-71.

Fiser, J., & Aslin, R. N. (2001). Unsupervised statistical learning of 
higher-order spatial structures from visual scenes. Psychological Sci-
ence, 12, 499-504.

Fiser, J., & Aslin, R. N. (2002). Statistical learning of higher-order tem-
poral structure from visual shape sequences. Journal of Experimental 
Psychology: Learning, Memory, & Cognition, 28, 458-467.

Godijn, R., & Theeuwes, J. (2003). Parallel allocation of attention prior 
to the execution of saccade sequences. Journal of Experimental Psy-
chology: Human Perception & Performance, 29, 882-896.

Gordon, R. D. (2004). Attentional allocation during the perception of 
scenes. Journal of Experimental Psychology: Human Perception & 
Performance, 30, 760-777.

Hahn, S., & Kramer, A. F. (1998). Further evidence for the division 
of attention between noncontiguous locations. Visual Cognition, 5, 
217-256.

Henderson, J. M., Weeks, P. A., & Hollingworth, A. (1999). The 
effects of semantic consistency on eye movements during complex 
scene viewing. Journal of Experimental Psychology: Human Percep-
tion & Performance, 25, 210-228.

Hillstrom, A. P., & Yantis, S. (1994). Visual motion and attentional 
capture. Perception & Psychophysics, 55, 399-411.

Hollingworth, A., & Henderson, J. M. (1998). Does consistent 
scene context facilitate object perception? Journal of Experimental 
Psychology: General, 127, 398-415.

Johnston, W. A., Schwarting, I. S., & Hawley, K. J. (1996). Novel 
pop-out, perceptual inhibition, and the stability–plasticity dilemma. 
In A. F. Kramer, M. G. H. Coles, & G. D. Logan (Eds.), Converging 
operations in the study of visual selective attention (pp. 315-335). 
Washington, DC: American Psychological Association.

Jonides, J., & Yantis, S. (1988). Uniqueness of abrupt visual onset in 
capturing attention. Perception & Psychophysics, 43, 346-354.

Kim, M. S., & Cave, K. R. (1995). Spatial attention in visual search 
for features and feature conjunctions. Psychological Science, 6, 376-
380.

Klein, R. M. (1988). Inhibitory tagging system facilitates visual search. 
Nature, 334, 430-431.

Koshino, H., Warner, C. B., & Juola, J. F. (1992). Relative effective-
ness of central, peripheral, and abrupt-onset cues in visual attention. 
Quarterly Journal of Experimental Psychology, 45A, 609-631.

Kramer, A. F., & Hahn, S. (1995). Splitting the beam: Distribution of 
attention over noncontiguous regions of the visual field. Psychologi-
cal Science, 6, 381-386.

Maljkovic, V., & Nakayama, K. (2000). Priming of pop-out: III. A 
short-term implicit memory system beneficial for rapid target selec-
tion. Visual Cognition, 7, 571-595.

Pelli, D. G. (1997). The VideoToolbox software for visual psychophys-
ics: Transforming numbers into movies. Spatial Vision, 10, 437-442.

Peterson, M. S., & Kramer, A. F. (2001a). Attentional guidance of 
the eyes by contextual information and abrupt onsets. Perception & 
Psychophysics, 63, 1239-1249.

Peterson, M. S., & Kramer, A. F. (2001b). Contextual cueing reduces 
interference from task-irrelevant onset distractors. Visual Cognition, 
8, 843-859.

Reber, A. S. (1989). Implicit learning and tacit knowledge. Journal of 
Experimental Psychology: General, 118, 219-235.

Reicher, G. M. (1969). Perceptual recognition as a function of mean-
ingfulness of stimulus material. Journal of Experimental Psychology, 
81, 274-280.

Saffran, J. R., Aslin, R. N., & Newport, E. L. (1996). Statistical 
learning by 8-month-old infants. Science, 274, 1926-1928.

Theeuwes, J. (1994). Stimulus-driven capture and attentional set: Se-
lective search for color and visual abrupt onsets. Journal of Experi-
mental Psychology: Human Perception & Performance, 20, 799-806.

Theeuwes, J., Kramer, A. F., Halm, S., & Irwin, D. E. (1998). Our 
eyes do not always go where we want them to go: Capture of the eyes 
by new objects. Psychological Science, 9, 379-385.

Van Selst, M., & Jolicœur, P. (1994). A solution to the effect of sam-
ple size on outlier elimination. Quarterly Journal of Experimental 
Psychology, 47A, 631-650.

Watson, D. G., & Humphreys, G. W. (1997). Visual marking: Prioritiz-
ing selection for new objects by top-down attentional inhibition of old 
objects. Psychological Review, 104, 90-122.

Watson, D. G., & Humphreys, G. W. (2000). Visual marking: Evi-
dence for inhibition using a probe-dot detection paradigm. Perception 
& Psychophysics, 62, 471-481.

Weisstein, N., & Harris, C. S. (1974). Visual detection of line seg-
ments: An object-superiority effect. Science, 186, 752-755.

Yantis, S. (1993). Stimulus-driven attentional capture and attentional 
control settings. Journal of Experimental Psychology: Human Percep-
tion & Performance, 19, 676-681.

Yantis, S., & Hillstrom, A. P. (1994). Stimulus-driven attentional cap-
ture: Evidence from equiluminant visual objects. Journal of Experi-
mental Psychology: Human Perception & Performance, 20, 95-107.

Yantis, S., & Jonides, J. (1984). Abrupt visual onsets and selective 
attention: Evidence from visual search. Journal of Experimental Psy-
chology: Human Perception & Performance, 10, 601-621.

Yantis, S., & Jonides, J. (1990). Abrupt visual onsets and selective 
attention: Voluntary versus automatic allocation. Journal of Experi-
mental Psychology: Human Perception & Performance, 16, 121-134.

(Manuscript received January 11, 2005; 
revision accepted for publication October 28, 2005.)



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


