
It is well established that the allocation of visual at-
tention to objects or locations in space can proceed 
 voluntarily— in accordance with explicit goals of the 
 observer—or  involuntarily— in response to salient stimu-
lus events (Jonides, 1981; Posner, 1980; Yantis & Jonides, 
1984). There is also evidence that the latter form of at-
tention allocation, referred to as attentional capture, can 
be modulated by the establishment of a top-down “set” 
related to the explicit, or even implicit, demands of an 
experimental task. For example, in a series of studies 
using a modified spatial cuing task, Folk and colleagues 
(Folk & Remington, 1998; Folk, Remington, & Johnston, 
1992; Folk, Remington, & Wright, 1994) found that the 
degree to which an irrelevant (i.e., uninformative) spatial 
cue produces evidence of attentional capture is dependent 
on whether the cue carries the defining property of the 
target. Thus, if a target is defined as the red character in 
the target display, red cues produce evidence of capture 
(i.e., a cue validity effect) but green cues do not, whereas 
when the target is defined as the green character, green 
cues produce capture and red cues do not (Folk & Rem-
ington, 1998).

These types of results suggest that when the defining 
property (e.g., the specific color) of the target is known 
with certainty, the attention allocation system establishes 
a “control setting” for that property, so that any stimulus 
matching the control setting will elicit a shift of attention, 
even if that shift is to a stimulus known to be irrelevant, 
such as an uninformative spatial precue. This theoretical 
proposal has been referred to as contingent attentional 
capture (CAC; but see Theeuwes, 1992, for an alternate 

theoretical view). An important goal in the research on 
CAC is to explore the nature of top-down control set-
tings. For example, one question concerns the specific-
ity of attentional control settings. Originally, the evidence 
suggested that control settings are limited to fairly broad 
stimulus categories, such as static versus dynamic discon-
tinuities (Folk et al., 1994). Subsequent research, however, 
established that control settings can consist of specific 
values along particular feature dimensions, such as a spe-
cific hue along the color dimension, as described above 
(Folk & Remington, 1998).

Another, related question concerns the flexibility of at-
tentional control settings—that is, to what extent can the 
attentional control system adopt variable control settings 
in response to the demands of a task? A recent study by 
Folk and Remington (2008) suggested that the specificity 
of attentional control settings can indeed vary adaptively 
with task demands. One condition of the study replicated 
the design of Folk and Remington (1998), in which ob-
servers searched for a target of a particular color, preceded 
by an uninformative cue of the same or different color 
(mixed within blocks). As in Folk and Remington (1998), 
only same-color cues produced evidence of attentional 
capture, suggesting that observers had adopted an atten-
tional control setting for the known target color. In another 
condition, however, on any given trial the target was either 
(unpredictably) red or green. In this condition, attentional 
capture was evident regardless of whether the cue color 
matched the target color on that trial (see also Folk, Leber, 
& Egeth, 2008). The authors concluded that when the tar-
get color is unpredictable, observers adopt an attentional 
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neous attentional control settings for red and green (i.e., 
only the target colors), however, then red and green cues 
should have captured attention, but blue cues should not 
have because they do not match either of the control 
settings.

EXPERIMENT 1

Method
Participants. Thirteen undergraduate students were recruited 

from the Villanova University human participant pool. All were 
screened for normal or corrected-to-normal visual acuity and color 
vision. Participants were compensated for their time with credit to-
ward fulfillment of a class research requirement.

Apparatus. Stimulus displays were presented on a Princeton 
Graphics Ultrasync monitor that was driven by a Zenith 386 micro-
computer equipped with a Sigma Design, Color 400 graphics board. 
The monitor was placed at eye level inside a black wooden viewing 
box 50 cm from lensless goggles that were attached to a porthole in 
the front of the box. All but the screen of the monitor was occluded 
by a black baffle inside the box.

Stimuli. Each trial involved the presentation of a fixation display, 
a cue display, and a target display (see Figure 1). The fixation dis-
play consisted of a fixation square (0.34º  0.34º visual angle) sur-
rounded by four peripheral boxes (1.15º  1.15º) placed 4.1º above, 
below, to the left of, and to the right of fixation. All boxes were light 
gray (IBM color designation #8) against the black background of 
the CRT screen.

The cue display consisted of the fixation display with the addition 
of four sets of four small circles (0.23º in diameter) in diamond con-
figurations, each set surrounding one of the four peripheral boxes. 
Three of the sets of circles were white (IBM color #15), and one set 
of circles was red (IBM color #12), green (IBM color #10), or blue 
(IBM color #9).

The target display consisted of the fixation display with the ad-
dition of an “X” or “ ” in each of the peripheral boxes. These char-
acters subtended approximately 0.57º in height and width. Three 

control setting for color singletons in general rather than 
for a specific color. It thus appears that the specificity of 
attentional control settings can vary flexibly as a function 
of task demands.

A recent study by Adamo, Pun, Pratt, and Ferber (2008) 
has suggested that there may be an alternative interpreta-
tion of the latter result, however. In Adamo et al., partici-
pants were required to respond to targets of one color at 
one location in space, and to targets of a different color at 
a different location in space (e.g., respond to red targets 
on the left and to green targets on the right). Uninfor-
mative color precues produced evidence of attentional 
capture only when the cue color matched the assigned 
target color for the cued location. The authors concluded 
that separate attentional control settings can be main-
tained simultaneously at distinct spatial locations. Given 
this demonstrated ability to maintain multiple control 
settings simultaneously, it is possible that the capture 
observed in Folk and Remington (2008) when target 
color was uncertain may not have reflected a change in 
the specificity of the top-down control settings (i.e., the 
adoption of a set for color singletons in general) but may 
instead have been due to the simultaneous maintenance 
of attentional control settings for the two possible target 
colors. The capture of attention by a red cue paired with 
a green target, for example, might reflect the fact that 
observers are simultaneously set for both red and green 
singleton targets, rather than generally set for any color 
singleton. This is an important theoretical issue, because 
the notion that the specificity of attentional control set-
tings can vary as a function of task demands has played 
an important role in the interpretation of a number of 
previous studies of attentional capture (e.g., Bacon & 
Egeth, 1994; Burnham, 2007; Folk, Leber, & Egeth, 
2002, 2008; Lamy, Leber, & Egeth, 2004). In the de-
bate over the degree to which attentional capture can be 
modulated by a top-down set, for example, it has been ar-
gued that evidence for purely stimulus-driven attentional 
capture (e.g., Theeuwes, 1992) can be reinterpreted in 
terms of the adoption of a top-down set for singletons 
in general (Bacon & Egeth, 1994). Evidence that such 
apparent flexibility in the specificity of attentional con-
trol may actually reflect the ability to maintain multiple 
specific control settings would therefore have important 
implications for models of attentional capture and, more 
generally, for the functional architecture of attentional 
control.

In order to distinguish between the color-singleton-set 
account and the multiple-control-settings account, the 
present study replicated the uncertain-target condition 
of Folk and Remington (2008) but included a third pos-
sible cue color (blue). Participants were presented with a 
target that was unpredictably red or green, preceded by 
an uninformative cue that was red, green, or blue. If the 
uncertainty of the target color results in a top-down set 
for color singletons in general, then all three cue colors 
should capture attention, because all three cues are color 
singletons and are therefore consistent with the control 
setting. If participants adopted and maintained simulta-
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Figure 1. Representation of stimuli and trial events.
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100 msec. The target display then appeared for 50 msec, followed 
once again by the fixation display. The next trial sequence was initi-
ated 1,000 msec after a response was made. Phenomenally, the four 
display boxes and the fixation square appeared to remain on the CRT 
screen for the duration of each trial, as well as during the intertrial 
interval. The stimulus onset asynchrony between cue and target was 
150 msec, making contamination of response times (RTs) by eye 
movements unlikely.

Participants made a forced-choice target identification by press-
ing the “.” and “0” keys on the numeric keypad of the keyboard 
for the “X” and “ ” targets, respectively (the keys were labeled 
appropriately). The “X” response was assigned to the right index 
finger, and the “ ” response was assigned to the left index finger. 
RTs were measured from the onset of the target display. If a re-
sponse was not initiated within 1,500 msec, an error was scored and 
the next trial sequence was initiated. Incorrect responses elicited 
a 500-msec, 1000-Hz computer tone, and they were followed by 
a “buffer” trial with parameters drawn randomly from the set for 
that block. RTs for error and buffer trials were not included in the 
data analysis.

Results
Mean RTs for valid and invalid trials as a function of 

target color and cue color are shown in Figure 2, and error 
rates in Table 1. These data were subjected to a 3  2  2 
ANOVA, with cue color (red, green, blue), target color 
(red, green), and cue validity (valid, invalid) as within-
subjects variables. Only the main effect of cue validity 
was significant [F(1,12)  99.15, p  .0001]. A similar 
analysis of error rates also yielded a main effect of cue 
validity only [F(1,12)  5.80, p  .05], with valid cues 
producing slightly higher error rates than did invalid cues. 
Given the large cue validity effects on RT, it is unlikely 
that the small reverse effects in error rates implicate a 
speed–accuracy trade-off.

Discussion
The results of this experiment are clear. As in Folk 

and Remington (2008), when participants searched for 
a target that could be either red or green, both red and 
green cues produced evidence of attentional capture (i.e., 
a significant cuing effect), even when the color of the cue 
on a specific trial did not match the color of the target 
on that trial. More importantly, blue cues also produced 
evidence of attentional capture, which is inconsistent with 
the hypothesis that participants were simultaneously “set” 
for red and green target colors. Instead, the results sug-
gest that participants adopted an attentional set for color 
singletons in general.

of the characters were white, and one (the target) was either red 
or green.

Design and Procedure. The experiment consisted of eight 
blocks of 48 trials. Within each block, cue color (red, green, blue) 
and target color (red, green) were fully crossed to create six condi-
tions: red cue–red target, green cue–red target, blue cue–red target, 
red cue–green target, green cue–green target, and blue cue–green 
target. Within each of these conditions, target and cue locations were 
chosen randomly for each trial with the constraint that cue location 
was uncorrelated with target location across trials. Specifically, for 
each cue color–target color combination, the target and cue appeared 
at the same location on 25% of the trials within a block and at dif-
ferent locations on the remaining 75% of the trials. The identity of 
the characters (X or ) that appeared in the three nontarget locations 
was chosen randomly on each trial.

Participants were tested in a dimly lit laboratory room. Written 
and oral descriptions of the stimuli and procedures were provided 
in order to familiarize participants with the task. Participants were 
instructed to respond “as quickly as you can,” but they were also en-
couraged to “make as few errors as possible.” Maintaining fixation 
on the central square was stressed highly, and participants were told 
that shifting their eyes would impair performance overall. Partici-
pants were also fully informed of the relationship between distrac-
tor location and target location, and they were told that they should 
“ignore the cue.”

At the beginning of each individual trial sequence, the central 
fixation square and four surrounding boxes were presented for 
500 msec. The fixation square then blinked off for 100 msec and 
then back on for a randomly varying foreperiod of 1,000, 1,100, 
1,200, 1,300, or 1,400 msec. The cue display then appeared for 
50 msec, followed by the presentation of the fixation display for 
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Figure 2. Mean response time as a function of cue color and cue 
validity for red and green targets in Experiment 1.

Table 1 
Error Rates (Proportion) by Target Color, Cue Color, and Cue Validity

Cue Red Target Green Target

Validity  Red Cue  Green Cue  Blue Cue  Red Cue  Green Cue  Blue Cue

Experiment 1
 Valid .03 .04 .05 .02 .06 .04
 Invalid .04 .03 .03 .02  .02  .03

Experiment 2
 Valid .05 .03 .05 .06 .05 .04
 Invalid  .03  .03  .03  .02  .04  .02
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target color [F(2,36)  7.39, p  .01] and cue validity 
[F(2,36)  16.47, p  .001]. These interactions were 
qualified by a three-way interaction between target color, 
cue color, and cue validity, however [F(2,36)  20.62, 
p  .001]. Simple interaction comparisons of the effects 
of cue color and cue validity yielded significant inter-
actions for both red target color [F(1,18)  23.13, p  
.001] and green target color [F(2,18)  15.29, p  .001]. 
Simple effects analyses of the influence of cue validity 
at each level of cue color yielded significant cuing ef-
fects when the cue color matched the target color in both 
target color conditions [red cues paired with red targets, 
F(1,9)  75.7, p  .001; green cues paired with green 
targets, F(1,9)  36.82, p  .001]. Red cues produced 
no cue validity effect when paired with green targets, but 
green cues did produce a small but reliable validity effect 
when paired with red targets [F(1,9)  5.10, p  .049]. 
Note, however, that the magnitude of this effect was much 
smaller than the effect when the same green cues were 
paired with green targets. Most importantly for the pres-
ent purposes, the cue validity effect for blue cues did not 
approach significance in either target color condition [red 
target, F(1,9)  0.001, p  .97; green target, F(1,9)  
1.73, p  .22].

A 3 (cue color)  2 (target color)  2 (cue validity) 
mixed ANOVA conducted on error rates revealed a main 
effect of cue validity only [F(1,18)  9.62, p  .05]. As in 
Experiment 1, error rates were higher for valid cues than 
for invalid cues. These effects were again small, however, 
and did not interact with any other variables; thus, they 
do not represent a challenge to the interpretation of the 
RT effects.

Discussion
As is evident in a comparison between Figures 2 and 3, 

when participants were certain with respect to the target 
color, the very same set of cues used in Experiment 1 pro-
duced dramatically different results. Specifically, whereas 
all three cue colors produced evidence of attentional cap-

EXPERIMENT 2

Although the results of Experiment 1 are consistent 
with the adoption of a set for color singletons, one might 
argue that participants actually were simultaneously set 
for red and green targets, but that the salience of the blue 
cues was such that they were able to override the top-
down set (Theeuwes, 1992). Given that the targets in Ex-
periment 1 were never blue, for example, it is possible 
that blue cues were particularly salient because they were 
the only cues to carry a nontarget color. That is, perhaps 
blue cues stood out precisely because they were not part 
of the set of colors that defined the target singletons. To 
address this possibility, participants in Experiment 2 were 
presented with the same three cue colors, but the target 
color on each trial was fixed at either red (for half of the 
participants) or green (for the other half ). Since the tar-
get could appear in only one color, therefore, participants 
were 100% certain with respect to the particular target 
color. As discussed above, previous studies have shown 
that when target color is certain, participants are able to 
establish a top-down set for the target color, so that only 
cues that match the target color produce evidence of at-
tentional capture (e.g., Folk & Remington, 1998). If the 
blue cues in Experiment 1 were able to override a simul-
taneous set for red and green by virtue of the fact that 
targets were never blue, then they should show the same 
effect in Experiment 2. If, however, the capture of atten-
tion by blue cues in Experiment 1 reflects the adoption 
of a set for color singletons, then they should no longer 
produce capture in the presence of a top-down set for a 
nonblue target color.

Method
Participants. Twenty undergraduate students were recruited 

from the Villanova University human participant pool. All were 
screened for normal or corrected-to-normal visual acuity and color 
vision. Participants were compensated for their time with credit to-
ward fulfillment of a class research requirement. None of the par-
ticipants had taken part in Experiment 1.

Apparatus and Stimuli. The apparatus and stimuli were identi-
cal to those used in Experiment 1.

Design and Procedure. The design and procedure were identi-
cal to those used in Experiment 1 with the exception that any given 
participant was presented with only targets of a single color. Specifi-
cally, half the participants searched for a red target, and half searched 
for a green target. Participants were thus 100% certain with respect 
to the target color, which was assumed to encourage the adoption 
of an attentional set for the specific target color. The experiment 
consisted of four blocks of 96 trials.

Results
Mean RTs for valid and invalid trials as a function of 

target color and cue color are shown in Figure 3, and error 
rates are shown in Table 1. These data were subjected to a 
3  2  2 mixed ANOVA, with target color as the single 
between-subjects variable and with cue color (red, green, 
blue) and cue validity (valid, invalid) as within-subjects 
variables. The analysis yielded a main effect of cue color 
[F(2,36)  7.26, p  .01] and cue validity [F(1,18)  
35.41, p  .001]. Cue color entered into interactions with 

Re
sp

o
n

se
 T

im
e 

(m
se

c)

460

480

500

520

540

560

580

600

620

Green Cue

Red Target

Red Cue

Blue Cue

Green Cue

Green Target

Red Cue
Blue Cue

Cue Validity Cue Validity

Valid InvalidValid Invalid

Figure 3. Mean response time as a function of cue color and cue 
validity for red and green targets in Experiment 2.
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2008). The present results simply show that under condi-
tions of target uncertainty, the system can, in fact, adopt a 
more general set for feature singletons. That is, the pres-
ent study provides strong evidence that the specificity of 
attentional control settings can indeed vary as a function 
of task demands. Of course, one might question why, if 
simultaneous multiple control settings are possible, they 
were adopted by observers in the Adamo et al. study but 
not in the present experiments. One important difference 
between the present study and that of Adamo et al. is the 
fact that in the latter study behavioral responses were 
tied to specific combinations of target color and location 
(i.e., participants were instructed to respond only when a 
particular combination of color and location occurred), 
whereas in Experiment 1 of the present study, behavioral 
responses could be based on the “singleton-ness” of the 
color target rather than on the specific color of the tar-
get. In other words, the design of Adamo et al. did not 
allow the use of a color-singleton detection strategy. One 
might also speculate that the adoption and maintenance 
of simultaneous control settings requires more cognitive 
effort than does the adoption of a set for color singletons 
in general. Although adoption of multiple control settings 
may have prevented capture by blue cues in the present 
study, overall efficiency may have been maximized by 
adopting the more general set for color singletons once 
the cognitive effort involved in maintaining control set-
tings is taken into account.
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GENERAL DISCUSSION
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