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a b s t r a c t

The present study examined a visual field asymmetry in the contingent capture of attention that was pre-
viously observed by Du and Abrams (2010). In our first experiment, color singleton distractors that
matched the color of a to-be-detected target produced a stronger capture of attention when they
appeared in the left visual hemifield than in the right visual hemifield. This replicated Du and Abrams
and also revealed a difference between hemifields in the time course of this effect. Our second experi-
ment suggested that this asymmetry is moderated by the tuning of attentional control settings: when
the target was easier to detect the asymmetry was attenuated. Our third experiment showed that this
asymmetry is also present during singleton detection: a color singleton distractor produced a larger cap-
ture effect in the left hemifield than in the right hemifield. Finally, our fourth experiment suggested that
this asymmetry is moderated by the salience of the attention-capturing distractor: when the distractor
was not salient, the asymmetry was attenuated. These results suggest that there are boundary conditions
in the observed hemifield asymmetry in the contingent capture of attention and several underlying brain
systems might be involved.

� 2011 Elsevier Inc. All rights reserved.

1. Introduction

Asymmetries in the processing of visually presented stimuli
have been observed in many tasks including spatial orienting
(Spalek & Hammad, 2004; Spalek & Hammad, 2005), object-based
attention (Egly, Driver, & Rafal, 1994; Valsangkar-Smith, Donovan,
Sinnett, Dawson, & Kingtone, 2004), response competition in global
vs. local processing (Hübner & Malinowski, 2002; Patterson &
Bradshaw, 1975), and word naming (Scott & Hellige, 1998). Such
asymmetries are suggestive of an underlying hemispheric laterali-
zation, where preferential processing of a stimulus in a given hemi-
field suggests the contralateral hemisphere is somehow specialized
in the cognitive operations needed to process that stimulus
(Bradshaw & Nettleton, 1981; Hellige, 1990). Recently, Du and
Abrams (2010) observed an asymmetry in capture of spatial atten-
tion, where a perceptually salient and irrelevant stimulus that was
the same color as a to-be-detected target produced a larger capture
of attention in the left-visual hemifield (LVF) than in the right-
visual hemifield (RVF). Because the attention-capturing stimulus
was relevant to the target’s color, top-down processes were likely

involved in the capture of attention (Folk, Remington, & Johnston,
1992). In the present study, we sought to extend the asymmetry
observed by Du and Abrams (2010) by manipulating target detec-
tion requirements, which should influence an observer’s top-down
attentional control settings, and the salience of the attention-
capturing item.

1.1. Left–right perceptual asymmetries

One of the better-known asymmetries is the dominance of lex-
ical processing associated with the left hemisphere (Bouma, 1973;
Bradshaw & Nettleton, 1981; Bryden & Mondor, 1991; Ducrot &
Grainger, 2007; Hellige, 1990; Mishkin & Forgays, 1952; Nicholls
& Wood, 1998). Specifically, word identification, letter identifica-
tion, and lexical decision latencies tend to be less and response
accuracies greater when lexical stimuli appear in the RVF than in
the LVF. This asymmetry observed in neurologically normal sub-
jects has been interpreted as reflecting a more direct route from
the RVF to the verbal processing centers in the left cerebral
hemisphere.

However, the RVF advantage for lexical stimuli can be reduced
and even eliminated by orienting attention to the LVF prior to
the appearance of a lexical target in that hemifield (Ducrot &
Grainger, 2007; Lindell & Nicholls, 2003; Mondor & Bryden,
1992; Nicholls & Wood, 1998). Mondor and Bryden had subjects
identify visually and unilaterally presented target letters in a
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variant of Posner’s (1980) spatial cuing task. In this task, observers
maintain ocular fixation at a central point on a computer screen
while a spatial cue is abruptly onset in the LVF or RVF, with this
spatial cue indicating on which side of fixation the target letter will
appear. In Mondor and Bryden’s study the target appeared simul-
taneously with the cue or at one of several stimulus onset asyn-
chronies (SOA) after cue onset. Mondor and Bryden observed the
RVF advantage for responding to the target at the shortest cue-tar-
get SOAs; however, this advantage disappeared at longer SOAs and
reversed into an LVF advantage. Similarly, Ducrot and Grainger
(2007) found that the advantage for responding to lexical targets
in the RVF was reduced following the presentation of a 100% valid
cue before a target in the LVF. When cues appeared in both the RVF
and the LVF and provided no spatial information about the target,
identification accuracy was greater for words in the RVF, but when
a single cue appeared in only the LVF, the RVF advantage was re-
duced. Mondor and Bryden determined the typical RVF superiority
was due to an attentional advantage for processing lexical stimuli in
the left cerebral hemispheres (see also Nicholls & Wood, 1998).
When little-to-no attention is deployed to one location over an-
other the left hemisphere enjoys an advantage for processing lex-
ical stimuli in the RVF. But when attention is directed to the LVF
that advantage is reduced and the right hemisphere can process
lexical stimuli as efficiently as the left hemisphere due to addi-
tional attentional resources.

A second often studied asymmetry is the differential processing
of globally-defined vs. locally-defined stimuli between the LVF and
RVF. Globally-defined stimuli are more efficiently processed in the
LVF (right hemisphere advantage); whereas locally-defined stimuli
are more efficiently processed in the RVF (left hemisphere advan-
tage; e.g., Bradshaw, Gates, & Patterson, 1976; Hübner & Malinow-
ski, 2002; Hübner, Volberg, & Studer, 2007; Patterson & Bradshaw,
1975). For example, Patterson and Bradshaw (1975) presented
pairs of schematic faces and subjects reported whether the two
faces where ‘same’ or ‘different’. When faces are identical, a same
judgment can be made on overall global configuration (Gestalt),
but when faces differ, a different judgment must be based on local
disturbances within the faces. Patterson and Bradshaw found that
same judgments were faster when the two faces appeared in the
LVF than in the RVF and found that different judgments were faster
when the two faces appeared in the RVF. This asymmetry in pro-
cessing same vs. different stimuli might reveal an underlying later-
alization in global vs. local processing (but see Hellige (1990), for
alternative interpretations).

An asymmetry of particular relevance to this study is the advan-
tage of orienting attention toward salient stimuli in the RVF com-
pared to the LVF. Pollmann (1996), Pollmann (2000) demonstrated
that a salient and irrelevant distractor interfered more with visual
search for a target when the distractor appeared in the RVF than in
the LVF. Search displays used by Pollmann included five items that
could include an upright T (target), upside down Ts (non-targets),
and a T rotated 45� clockwise (distractor). The task was to respond
as quickly as possible whether the target was present. Because the
features of the distractor were oriented differently from the fea-
tures of the target and non-targets (45� vs. 0� and 90�, respec-
tively), the distractor should pop out from the other items
(Treisman & Gelade, 1980; Treisman & Gormican, 1988). Pollman
found that response times were greater when the distractor was
present and that this attentional capture effect was greater when
the distractor appeared in the RVF and contralateral to the target.
This orienting advantage toward salient stimuli in the RVF may
translate to an underlying lateralization in the processing of per-
ceptually salient stimuli (see also, Palmer & Tzeng, 1990).

However, this advantage for orienting attention depends on the
direction in which an individual normally reads. Spalek and
Hammad (2005) found that the magnitude of inhibition of return

differed with the direction in which attention was traveling (left–
right vs. right–left) and on a subject’s reading direction. Inhibition
of return is the finding that the response time to the onset of a tar-
get is greater if the target appears in the same location as a spatial
cue, but only if the cue-target SOA is 300 ms or more (Posner & Co-
hen, 1984; Posner, Rafal, Choate, & Vaughn, 1985; for a review, see
Klein, 2000). Spalek and Hammad (2005) found that for Canadian
subjects who read left-to-right, inhibition of return was greater
when a cue appeared in the LVF. In contrast, for Egyptian subjects
who read right-to-left, inhibition of return was greater when a cue
appeared in the RVF. This difference between Canadian and Egyp-
tian subjects can be explained by the interaction of the location of
the spatial cue and a subject’s reading direction. For example, with
the Canadian subjects, after attention was cued to the LVF, atten-
tion would have moved away from the cue along a left-to-right tra-
jectory to search for the target (Pratt et al., 1999). If the target
appeared at the cued location (LVF), Canadian subjects would have
to move attention against their left–right reading bias to return to
the target in the LVF. This would produce a larger inhibition of re-
turn effect compared to if the cue and target had appeared in the
RVF. The results of Spalek and Hammad are consistent with Poll-
mann’s results showing there is an asymmetry in the orienting of
attention.

One issue not addressed by (Spalek & Hammad, 2004; Spalek &
Hammad, 2005) or (Pollmann (1996), Pollmann (2000) is what
influence top-down attentional control settings have on the asym-
metry in attentional orienting. This is important, because research
has demonstrated that the involuntary orienting of attention to-
ward salient stimuli can be modulated by top-down expectancies
(Atchley, Kramer, & Hillstrom, 2000; Bacon & Egeth, 1994; Folk,
Remington, & Wright, 1994; Folk et al., 1992; Gibson & Kelsey,
1998; for reviews see; Burnham, 2007; Theeuwes, 2010; Theeu-
wes, Atchley, & Kramer, 2000; Yantis, 2000). In this study, we
examined whether the hemifield asymmetry in the involuntary
orienting of attention depends on attentional control settings. In
the next section we review evidence for top-down modulation of
attention.

1.2. Top-down modulation of attentional orienting

There is an ongoing debate regarding the degree to which invol-
untary orienting of attention is under top-down control. Studies by
Jonides (1981), Yantis and Jonides (1984), and Theeuwes (1991),
Theeuwes (1992, Theeuwes (1994), among other, suggest that
observers involuntarily (automatically) orient attention toward
salient stimuli even if they are detrimental to locating a target.
For example, Theeuwes (1992) had subjects identify the orienta-
tion of a line inside a circle that appeared among diamonds. For
one-half of the displays the stimuli were all green, but on the other
half one diamond was a red color singleton distractor. This color sin-
gleton was irrelevant to locating the green circle target, because it
never coincided with the target’s location and differed from the cir-
cle in both color and form. Theeuwes found that responding was
slowed by the presence of the color singleton, suggesting it cap-
tured attention. This was observed even through the features of
the target and distractor were held constant cross trials, so observ-
ers should have been biased to attend to the target and against
attending to the color singleton. Nonetheless, Theeuwes found that
such selectivity was not possible even after 1728 trials.

Theeuwes’ (1992) results suggest that attentional capture by
salient and irrelevant visual stimuli is stimulus-driven and im-
mune from top-down control of attention. However, others have
shown that attentional capture by a salient item is contingent on
an observer’s attentional control settings. Folk et al. (1992) found
that attentional capture occurred only when the salient property
of a cue was congruent with (matched) the perceptual feature that
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defined a target. Observers identified a visual target (X or =) that
was defined by a specific feature. For one group of subjects the tar-
get was the single abruptly onset item and for a second group the
target was the single red item among white items. Subjects in the
onset-target group presumably tuned their attentional control set-
tings to detect onsets; whereas subjects in the red-target group
presumably tuned their attentional control settings to detect red
stimuli. For both groups a cue appeared prior to the target and
was either the abrupt onset of four white dots at one potential tar-
get location (onset cue), or the onset of four red dots at one loca-
tion with the simultaneous onset of four white dots at each other
locations (red cue). In the onset-target group the onset cue cap-
tured attention but the color cue did not; whereas in the red-target
group the red cue captured attention but the onset cue did not.
Hence, attentional capture was contingent on the salient property
of the cue being part of the attentional control settings. The results
suggest that top-down attentional control can modulate the ori-
enting of attention toward salient visual stimuli.

In another study, Folk, Leber, and Egeth (2002) demonstrated
that attentional control settings modulate attentional capture by
stimuli that are both spatially and temporally irrelevant to locating
a target. Observers reported the identity of a specifically colored
target letter (red or green) that appeared with 14 non-target letters
in a centrally-presented rapid serial visual presentation (RSVP)
stream. Fifteen letters were presented sequentially in the center
of a screen and one letter was designated as the target by its being
a specific color. Four peripheral stimuli that flanked the RSVP
stream could appear two letters before, one letter before, simulta-
neously with or one letter after the target. The peripheral stimuli
were all gray (no distractor), or one was a color singleton that
was the same color as the target (same color distractor), or differ-
ent from the target (different color distractor). Folk et al. (2002)
found that the color singleton distractor interfered with reporting
the target’s identity relative to when the color singleton was ab-
sent; an interference effect they called the spatial blink. Impor-
tantly, they found that the same color distractor produced a
larger spatial blink than the different color distractor; hence, atten-
tional control settings modulated attentional capture by a salient,
but spatially and temporally irrelevant visual stimulus.

The design used by Folk et al. (2002) is particularly useful for
studying visual hemifield asymmetries, because it isolates of the
influence of salient stimuli to the LVF or the RVF. That is, because
central fixation of attention (and ocular fixation) is necessary to
accurately identify the target in the RSVP stream, a color singleton
to the left of fixation necessarily appears in the LVF and a color sin-
gleton to the right of fixation necessarily appears in the RVF. Thus,
the contralateral hemisphere would be first to process a salient col-
or singleton.

Recently, Du and Abrams (2010) used Folk et al.’s (2002) spatial
blink task to examine visual hemifield asymmetries in the contin-
gent capture of attention (Folk et al., 1992). Observers identified a
target in a centrally-presented RSVP stream and a color singleton
distractor could appear in the periphery. Replicating Folk et al.
(2002), Du and Abrams observed a large spatial blink effect for
same color distractors and no spatial blink effect for different color
distractors. Most importantly the spatial blink for the same color
distractors was larger when the color singleton distractor appeared
in the LVF than in the RVF. Du and Abrams’ study is important, be-
cause their result hints at the existence of a lateralization in con-
tingent capture of attention. Their study also invites inquiry as to
whether manipulations of task and stimulus parameters in the spa-
tial blink task will yield similar asymmetries. For example, if the
task was made easier so that an observer’s attentional control set-
tings did not have to be tuned to detect, specifically, a red or a
green target, would the asymmetry still be observed? Second, will
this asymmetry be observed when subjects adopt a singleton

detection mode rather than a feature search mode? Finally, does
the distractor need to be salient to produce the asymmetry? These
questions were addressed in the present study.

1.3. Present study

This study reports the results of four experiments that sought to
extend the results of Du and Abrams (2010). In Experiment 1 we
attempted to replicate the asymmetry in the spatial blink by using
the same task as Du and Abrams and adding additional distractor–
target temporal lags to examine the time course of the hemifield
asymmetry. In Experiment 2 the target detection task was made
easier so subjects could adopt relaxed attentional control settings.
In Experiment 3, we examined whether this asymmetry would be
observed when subjects had to adopt a singleton detection mode.
In Experiment 4 we examined whether the asymmetry in the spa-
tial blink would be observed when the distractor was not salient.
The results of all four experiments suggest that the asymmetry in
the spatial blink depends on the specificity of attentional control
settings and on the salience of the attention-capturing distractor.

2. Experiment 1

Subjects participated in a spatial blink task similar to that de-
signed by Folk et al. (2002) and used by Du and Abrams (2010).
On each trial a central RSVP stream with 15 letters was presented
and subjects were instructed to identify the single red (or green)
letter among 14 differently-colored letters. During each trial four
pound signs were presented peripheral to the RSVP stream. On 1/
3 of the trials these were all gray, on 1/3 of the trials either the left
or right pound sign was the same color as the target, and on the
remaining 1/3 of the trials either the left or right pound sign was
a different color than the target. In previous studies the appearance
of a color singleton distractor in the periphery and prior to the
appearance of a target in the RSVP stream produced a spatial blink
in the form of reduced target identification accuracy (Du & Abrams,
2010; Folk et al., 2002; Lamy, Leber, & Egeth, 2004; Leblanc & Jolic-
oeur, 2005). We expected to find that only the same color distrac-
tor produced a spatial blink and based on the results reported by
Du and Abrams (2010) we expected this spatial blink to be larger
in the LVF than in the RVF.

2.1. Method

2.1.1. Subjects
Twenty students (n = 17 female; n = 17 right handed) from the

University of Scranton participated for credit toward a research
requirement in an introductory psychology class. Subjects ranged
in age from 18 to 20 years (M = 18.35, SD = .67) and all subjects re-
ported normal or corrected-to-normal vision. Each subject was
randomly assigned to a green target group (n = 10) or red-target
group (n = 10).

2.1.2. Design
The design was a 2 (Distractor Location: LVF vs. RVF) � 3 (Dis-

tractor Condition: All gray, Same Color, Different Color) � 5 (Dis-
tractor–Target Lag: �1, 0, 1, 2, 3) mixed-modal factorial. All
factors were randomized within blocks. Each subject completed
450 data-collection trials, which provided 15 observations per sub-
ject per condition.

2.1.3. Apparatus
The experiment was programmed and presented using E-Prime

version 2.0.8.22 software (Psychology Software Tools Inc.) on a Dell
755 computer with a Pentium Core 2 Duo processor running at
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2.33 GHz. Stimuli were presented on a Dell E178Fpv monitor
(1024 � 768) running at 60 Hz. Each subject sat approximately
60 cm from the monitor without head restraint and the monitor
was adjusted to each subject’s height. A standard QWERTY key-
board was used to register responses.

2.1.4. Stimuli
The RSVP stream included 15 letters presented at the center of

the computer screen (see Fig. 1). Each letter was randomly chosen
without replacement from all letters of the English alphabet, ex-
cept for I, O, W, and Z. Each letter was presented in 28-pt Courier
New font and subtended a visual angle of approximately 0.7�
wide � 0.9� high. The target’s identity was randomly chosen on
each trial and was presented in temporal positions 8–12 of the
RSVP stream equally often, but randomly, across trials. The target
letter’s color was red for half of the subjects and green for half.
The non-target letters colors in the RSVP stream for subjects in
the red-target group were green, gray, blue, and purple. The non-
target colors in the RSVP stream for subjects in the green target
group were red, gray, blue, and purple. Hence, subjects in each
group had to tune their attentional settings to detect, specifically,
the letter with the target’s color.

A distractor display was presented on each trial and included
four pound signs (#) that flanked the RSVP stream. One pound sign
appeared above, one below, one to the left, and one to the right of
the RSVP stream. Each pound sign was presented in 28-pt Courier

New font and subtended a visual angle of 0.7� wide � 0.9� high.
The distance between the center of the RSVP stream to the center
of each pound sign was 4.8�. There were three distractor condi-
tions: In the all gray distractor condition each pound sign was gray.
In the same color distractor condition the pound sign in either the
LVF or RVF same color as the target. In the different color distractor
condition the pound sign in either the LVF or the RVF was a differ-
ent color than the target (red if target was green and green if target
was red). The distractor display appeared at one of five distractor–
target lags relative to the onset of the target: one frame after the
target (lag �1), the same frame as the target (lag 0), or one, two
or three frames before the target (lags 1–3).

2.1.5. Procedures
Subjects were tested individually in a session that lasted

approximately 45 min. Upon arrival, each subject was given a con-
sent form that disclosed all of the pertinent information regarding
the study. Subjects were then tested for color-blindness using a 16-
plate Ishihara Test for color-blindness (all subjects in each experi-
ment passed the color-blindness test). Next, the computer monitor
was adjusted for the height of the subject, so that the RSVP stream
appeared at eye level and in the center of the subject’s visual field.

Each subject was then told that they would see a sequence of 15
letters presented at the center of the computer monitor, but only
one letter would be presented in the target’s color, and the other
14 letters would be presented in different colors. The subject was

H 

L 

W 

# 
#     A     #

#

F 

+ 

lag 

target 

distractor 

3 - 7 filler 
letters after 

target 

7 - 11 filler 
letters before 

target 

Fig. 1. An example of stimuli and the sequence of events on a trial with a distractor–target lag of 2. The characters in black were actually red or green, and the color of the
other characters differed across experiments (see text for details).
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instructed to identity the letter presented in the target color and to
ignore the other letters. Subjects were also instructed to ignore any
items that appeared peripheral to the central stream of letters, be-
cause such stimuli would not help determine the temporal position
of the target. Each subject then completed 24 practice trials and
450 data-collection trials. The data-collection trials consisted of
10 blocks of 45 trials each, with an opportunity for the subject to
rest his/her eyes between blocks.

Each trial began with the presentation of a fixation cross (+) for
500 ms. The fixation cross was then removed for 200 ms, after
which the RSVP stream containing 15 letters was presented. Each
letter was presented for 50 ms and was followed by a 50 ms blank
(SOA = 100 ms). The identity of the target, the position of the target
in the RSVP stream (temporal positions 8–12), the distractor condi-
tion, and the distractor–target lag were chosen randomly on each
trial. After the RSVP stream had been presented the subject was in-
structed to type in the identity of the target letter using the com-
puter keyboard. The subject was given feedback on the computer
screen (‘‘correct’’ or ‘‘incorrect’’) for 1000 ms after each response.
A 1000 ms inter-trial-interval followed the offset of the feedback.

2.2. Results

Trials in which the peripheral distractors were all gray were
randomly assigned to the LVF and RVF conditions. Each subject’s
mean proportion of correct target identifications was calculated
for each condition in the hemifield by distractor condition by dis-
tractor–target lag design. These data were entered into a 2 (Hemi-
field: LVF vs. RVF) � 3 (Distractor Condition: All Gray, Different
Color, Same Color) � 5 (Lag: �1, 0, 1, 2, 3) fully repeated measures
ANOVA. The analysis yielded a statistically significant main effect
of distractor condition [F(2, 38) = 38.23, MSE = .018, p < .0001,
g2 = .67] and of lag [F(4, 76) = 13.96, MSE = .026, p < .0001,
g2 = .42]. The interaction between hemifield and distractor condi-
tion was significant [F(2, 38) = 5.98, MSE = .007, p < .006, g2 = .24],
which was due to significantly lower accuracy when the same col-
or distractor appeared in the LVF (M = .76) than in the RVF [M = .80;
t(19) = 2.59, SE = .017, p < .015 (two-tailed)]; whereas the differ-
ence between hemifields was negligible in the all gray and differ-
ent color distractor conditions [ts < 1.25, ps > .249]. The
interaction between distractor condition and lag was significant
[F(8, 152) = 12.48, MSE = .009, p < .0001, g2 = .40], which replicates
Folk et al. (2002). As seen in Fig. 2, this interaction is due to a drop
in accuracy for the same color distractor condition relative to the
all gray distractor condition and different color distractor condition

at lags 1–3. This was confirmed by simple main effects analyses of
distractor condition at each lag. The only significant effects were at
lag 1 [F(2, 38) = 10.56, MSE = .003, p < .0003, g2 = .36], lag 2
[F(2, 38) = 30.87, MSE = .009, p < .0001, g2 = .62] and lag 3
[F(2, 38) = 25.19, MSE = .010, p < .0001, g2 = .57]. Follow-up non-
directional LSD tests at lags 1–3 revealed that accuracy in the same
color distractor condition was less than the different color distrac-
tor condition (ps < .002) and all gray distractor condition at each
lag (ps < .003). Most importantly, the three-way interaction be-
tween hemifield, distractor condition and lag was significant [F(8,
152) = 3.52, MSE = .009, p < .001, g2 = .16]. As seen in Fig. 2, this
was due to a greater reduction in accuracy at lags 1 and 2 when
a same color distractor appeared in the LVF than in the RVF;
whereas the difference in accuracy between hemifields was similar
across lags for the all gray and different color distractor conditions.
No other effects were significant [Fs < 1.98, ps > .19].

To explore the three-way interaction, separate 2 (Hemi-
field) � 5 (Lag) ANOVAs were performed on each distractor condi-
tion. For each ANOVA, we focused on the hemifield by lag
interaction, which was significant for the same color distractor
condition [F(4, 76) = 3.64, MSE = .012, p < .009, g2 = .16], and all
gray condition [F(4, 76) = 2.55, MSE = .007, p < .047, g2 = .11], but
not the different color condition [F(4, 76) = 1.87, MSE = .005,
p = .122, g2 = .09]. The interaction in the all gray condition was
unexpected and is most likely an artifact from randomly assigning
the all gray distractor trials to LVF and RVF conditions; hence, it
will not be considered further. The interaction in the same color
distractor condition was due to significantly lower accuracy when
the same color distractor appeared in the LVF than in the RVF for
lag 1 [t(19) = 2.09, SE = .032, p < .05 (two-tailed)] and lag 2
[t(19) = 3.07, SE = .047, p < .006 (two-tailed)], but not any other
lag [ts < 1.39, ps > .181].

2.3. Discussion

The results of Experiment 1 replicated the results observed by
Du and Abrams (2010). We observed a spatial blink effect only
for the same color distractors and the reduction in target identifi-
cation accuracy was greater when the same color distractor ap-
peared in the LVF than in the RVF (Fig. 2). Our results extend Du
and Abrams’ (2010) to additional distractor–target lags, who used
lags of only 0 and 2. Examination of the data in Fig. 2 suggests that
when a same color distractor appeared in the LVF there was a sub-
stantial decrease in accuracy from lags 0 through 2, with a recovery
at lag 3. In contrast, when the same color distractor appeared in the
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Fig. 2. Accuracy of target identification as a function of distractor condition, visual hemifield and lag in Experiment 1. Error bars are the 95% confidence intervals based on the
within-subjects error term for comparing differences between means (Eq. (2), Hollands & Jarmasz, 2010).
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RVF there was a gradual decrease in accuracy from lags 0 to 1 to 2
and a slight decrease from lag 2 to 3. Thus, it appears that a more
rapid shift of attention and recovery occurs when the same color
distractor appears in the LVF than in the RVF.

Having established that Du and Abrams’ (2010) results are rep-
licable, in Experiment 2 we examined whether specificity of an
obeserher’s attentional control settings influences this asymmetry.
Specifically, if the target was the only colored letter in the RSVP
stream (amidst 14 gray letters), attentional settings would not
have to be tuned as specifically to search for ‘red’ or ‘green’ as in
Experiment 1. By making the target a color singleton, observers
should more adopt relaxed attentional control settings to detect
the target. Our question was what effect this would have on the
hemifield asymmetry observed in Experiment 1.

3. Experiment 2

In Experiment 2 subjects were instructed to identify the single
red, or for other subjects green, letter among 14 non-target letters
in the RSVP stream. The difference from Experiment 1 was that the
14 non-target letters were all gray, which makes Experiment 2
similar to Folk et al.’s (2002) Experiment 1. Because the target
was the only colored letter in the RSVP stream, subjects did not
have to tune their attentional control settings to detect the tar-
get-specific color; rather, subjects could tune attention to detect
a color singleton (Bacon & Egeth, 1994; Lamy & Egeth, 2003; Pash-
ler, 1988). At a minimum, attentional control settings would not
have to be tuned as narrow to detect the target as in Experiment
1, where the target was a specific color among many different
colors.

3.1. Methods

Unless noted, all methods in Experiment 2 were the same as in
Experiment 1.

3.1.1. Subjects
A new sample of 26 students (n = 20 female; n = 24 right

handed) participated. Subjects ranged in age from 18 to 31
(M = 18.81, SD = 2.56), and reported normal or corrected-to-normal
vision. Each subject was randomly assigned a green target group
(n = 14) or a red-target group (n = 12).

3.1.2. Stimuli
Stimuli were the same as in Experiment 1, except that the non-

target letters in the RSVP stream were all gray.

3.2. Results

The data were handled the same as in Experiment 1. Each sub-
ject’s mean proportion of correct target identifications was entered
into a 2 (Hemifield) � 3 (Distractor Condition) � 5 (Lag) fully re-
peated measures ANOVA. The analysis yielded statistically signifi-
cant main effects of hemifield [F(1, 25) = 8.99, MSE = .006, p < .006,
g2 = .27], distractor condition [F(2, 50) = 17.72, MSE = .019,
p < .0001, g2 = .42] and lag [F(4, 100) = 10.01, MSE = .015,
p < .0001, g2 = .29]. As in Experiment 1, the interaction between
distractor condition and lag was significant [F(8, 200) = 12.37,
MSE = .009, p < .0001, g2 = .31], which suggests that the size of
the spatial blink differed across lags for the same color and differ-
ent color distractor conditions (see Fig. 3). To explore this interac-
tion, simple main effects of distractor condition were carried out at
each lag. The effect at lag �1 was not significant [F < 1], while the
effect at each other lag was significant [lag 0: F(2, 50) = 3.64,
MSE = .002, p < .034, g2 = .13; lag 1: F(2, 50) = 7.44, MSE = .006,
p < .001, g2 = .23; lag 2: F(2, 50) = 30.05, MSE = .007, p < .0001,
g2 = .55; lag 3 [F(2, 50) = 13.07, MSE = .010, p < .0001, g2 = .34]. Fol-
low-up non-directional LSD tests revealed that at lag 0, accuracy in
the same color distractor condition was greater than in the all gray
distractor (p < .033) and different color distractor conditions
(p < .02), which did not differ (p = .507). At lag 1, accuracy in the
same color distractor (p < .001) and different color distractor
(p < .017) conditions were less than in the all gray distractor condi-
tion, and accuracy the same color distractor condition was less
than in the different color distractor condition (p < .09). At lags 2
and 3, the same color distractor condition was less than the all gray
distractor condition (ps < .0001) and was less than the different
color distractor condition (ps < .003); however, the different color
distractor condition was less than the all gray distractor condition
at lag 2 (p < .009), but not lag 3 (p = .416). No other effects were
statistically significant [Fs < 1.13, ps > .332].

As seen in Fig. 3, accuracy was slightly less at lags 1 through 3
when the same color distractor appeared in the LVF than in the
RVF. A 2 (Hemifield) � 5 (Lag) ANOVA performed on the data from
the same color distractor condition failed to produce a significant
interaction [F(4, 100) = 1.39, MSE = .009, p = .242, g2 = .05]. The
main effect of hemifield was significant [F(1, 25) = 4.93,
MSE = .009, p < .036, g2 = .16] due to lower accuracy when a same
color distractor appeared in the LVH (M = .81) than in the RVH
(M = .84). Although this hemifield effect for same color distractors
was significant, it was not significantly larger than the hemifield
effect for different color distractors or all gray distractors, as
indexed by the lack of significant distractor interactions with
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hemifield in the omnibus ANOVA (ps > .332). These non-significant
interactions could reflect low statistical power. We used G�Power 3
(Faul, Erdfelder, Lang, & Buchner, 2007) to estimate the power in
the non-significant hemifield by distractor interaction from the
omnibus ANOVA. We entered the following into G�Power 3’s post
hoc analysis for a repeated-measures within-factors ANOVA:
g2 = .043, n = 26, a = .05, q = .70, which returned the following esti-
mates: Cohen’s f = .21 and Power = .85. (The same Power estimate
was obtained when we used G�Power 3’s Generic F-Test with
dfNumerator = 2 and dfDenominator = 54.) That the estimated power
was greater than .80 suggests our sample was sufficiently large
to detect an interaction with hemifield.

3.3. Discussion

There is an obvious difference between the results of Experi-
ments 1 and 2: In Experiment 2 neither the hemifield by distractor
condition or hemifield by distractor condition by lag interaction
achieved statistical significance; whereas both were significant in
Experiment 1. This suggests that adopting less-specific attentional
control settings attenuated the asymmetry in the spatial blink.
These ‘relaxed’ attentional control settings may have resulted in
less influence of a bilateral dorsal attentional system on a right-lat-
eralized ventral attentional system that appears to be involved
with orienting attention toward stimuli (e.g., Corbetta, Kincade,
Ollinger, McAvoy, & Shulman, 2000; Corbetta & Shulman, 2002;
Fox, Corbetta, Snyder, Vincent, & Raichle, 2006; Kincade, Abrams,
Astafiev, Shulman, Corbetta, 2005; Serences et al., 2005). This will
be addressed in Section 7.

Because the target was a color singleton and should have been
easier to detect than in Experiment 1, subjects could have adopted
a singleton detection mode (Bacon & Egeth, 1994), which should
have allowed any salient color ‘singleton’ distractor to capture atten-
tion. Indeed, Folk et al. (2002, Experiment 1) observed a spatial blink
for both same color and different color distractors when the target
was a color singleton. Although we observed this result (Fig. 3), the
spatial blink for different color distractors was less pronounced than
in Folk et al.’s (2002) Experiment 1, where accuracy in the different
color distractor condition was reduced by nearly as much as the same
color condition. One possibility for this difference is that subjects in
Experiment 2 may not have adopted a singleton detection mode, be-
cause they were instructed to search for a red (or a green) target.
Thus, subjects may have adopted a feature search mode, but one
where the target was easier to detect compared to Experiment 1. If
an ‘easy feature search’ was used it would explain why a small spatial
blink was found for the different color distractors.

But this is problematic for our assumption above that a relaxed
attentional control settings attenuated the asymmetry in the spa-
tial blink for same color distractors. That is, because the target
was easy to detect in the RSVP stream, there may be a ceiling effect
in target identification accuracy and a corresponding floor effect of
the spatial blink that is masking a hemifield asymmetry for the
same color distractors.1 However, we do not believe this to be the
case, because a oneway ANOVA comparing overall accuracy between
Experiments 1–4 was marginally non-significant [F(3, 85) = 2.49,
MSE = .008, p = .066, g2 = .08] and failed to yield a significant differ-
ence between overall accuracy in Experiment 1 (M = .85) and Exper-
iment 2 (M = .86, p = .615). It is also unlikely that the attenuated
asymmetry was a power issue, because our sample was large enough
to detect significant interactions with hemifield. Nonetheless, the is-
sue remains that our results did not mirror those of Folk et al.’s
(2002) Experiment 1. In Experiment 3, we modified the RSVP task
so that subjects would have to adopt singleton detection to detect

the target to determine whether a hemifield asymmetry also exists
during singleton detection.

4. Experiment 3

To entice subjects to adopt singleton detection mode, in Exper-
iment 3 the target was randomly chosen to be red, green, blue, or
purple on every trial; hence, it was not possible to form an atten-
tional set for a specific color (Bacon & Egeth, 1994). In contrast, in
Experiment 2, the target was a color singleton, but its color was
constant across trials. The color singleton distractor was still red
or green to equate salience between Experiments 2 and 3. Because
the target was the only colored item in the RSVP stream it should
be as easy to detect as in Experiment 2. Thus, the difference be-
tween Experiments 2 and 3 was the possibility of using singleton
detection mode in Experiment 2 vs. the necessity of using singleton
detection mode in Experiment 3. If the small spatial blink by differ-
ent color distractors in Experiment 2 was due to the use of a fea-
ture search mode, we should observe a spatial blink when any
color singleton distractor is present in Experiment 3.

4.1. Methods

Unless noted, all methods in Experiment 3 were the same as in
Experiment 2.

4.1.1. Subjects
A new sample of 20 students (n = 8 female; n = 20 right handed)

participated. Subjects ranged in age from 18 to 21 (M = 19.15,
SD = .99) and all reported normal or corrected-to-normal vision
and had normal color vision.

4.1.2. Stimuli
Stimuli for this experiment were the same as in Experiment 2,

except that the target letter was randomly chosen to be red, green,
purple, or blue on every trial. The non-target letters were gray. The
color singleton distractor was red on half of the distractor present
trials and green on the other half.

4.2. Results

Because the color of the target was unpredictable subjects could
not form an attentional set for a specific color. Although the dis-
tractor matched the target’s color on some trials (when both were
red or both were green), we did not separate the data into same
color distractor and different color distractor conditions, because
subjects never had an attentional set for a specific color. Indeed,
creating these conditions is purely post hoc. Instead, the data were
separated into color singleton distractor present and all gray dis-
tractor conditions. The distractor present condition is similar to
the same color distractor condition in Experiments 1 and 2, be-
cause the distractor’s being a singleton was relevant to the adop-
tion of a singleton detection mode.

Each subject’s mean proportion of correct target identifications
was entered into a 2 (Hemifield) � 2 (Distractor Condition: All
Gray, Distractor Present) � 5 (Lag) fully repeated measures ANOVA
and the data are plotted in Fig. 4. The analysis yielded a statistically
significant main effect of distractor [F(1, 19) = 11.26, MSE = .005,
p < .003, g2 = .37] and a marginally non-significant effect of hemi-
field [F(1, 19) = 4.03, MSE = .013, p = .059, g2 = .13]. The only other
statistically significant effect was the hemifield by distractor con-
dition by lag interaction [F(4, 76) = 2.99, MSE = .006, p < .024,
g2 = .14]. No other effects were significant [Fs < 1.61, ps > .181].

To explore the three-way interaction, separate 2 (Hemifield) �
5 (Lag) ANOVAs were performed on each distractor condition. As1 We thank an anonymous reviewer for suggesting this.
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in Experiment 1 we focused on the interaction, which was not sig-
nificant in the all gray condition [F < 1], but was significant in the
distractor present condition [F(4, 76) = 4.61, MSE = .006, p < .002,
g2 = .20]. This was due to significantly lower accuracy when the
color singleton distractor appeared in the LVF than in the RVF at
lag 2 [t(19) = 3.94, SE = .027, p < .001]; whereas the difference in
accuracy was not significant at any other lag [ts < 1.11, ps > .283].
Thus, during singleton detection a color singleton distractor pro-
duced a larger spatial blink when it appeared in the LFV than in
the RVF.

4.3. Discussion

The surprising result was that the spatial blink effect was larger
when the color singleton distractor appeared in the LVF than in the
RVF. This replicates the results in the same color distractor condi-
tion in Experiment 1 when feature search was required to detect
the target. Thus, a visual hemifield asymmetry exists in the spatial
blink during feature search mode (Experiment 1) and singleton
detection mode (Experiment 3). Experiment 3 also suggests that
attenuation of the hemifield asymmetry for same color distractors
in Experiment 2 was not a ceiling effect in accuracy and a floor ef-
fect in the spatial blink; but rather, was due to relaxed attentional
control settings. Hence, relaxed attentional settings and not an eas-
ier feature search task in Experiment 2 most likely attenuated the
hemifield asymmetry in the spatial blink for the same color
distractors.

So why did this asymmetry occur during singleton detection? If
one assumes that observers adopted a strategy to ‘detect single-
tons’ or ‘detect color changes’, then the asymmetry is not surpris-
ing. That is, if feature search mode and singleton detection are top-
down guidance strategies, then (a) we observed capture by a color
singleton that was relevant to these top-down strategies in both
Experiments 1 and 3, and (b) the asymmetry in the spatial blink
was observed when a particular search mode was required to de-
tect the target. It was only when the attentional settings could
be relaxed (Experiment 2) that the hemifield asymmetry was
attenuated. This will be further addressed in Section 7. In our final
experiment, we examine the influence of perceptual salience of the
distractor on the asymmetry in the spatial blink for same color
distractors.

5. Experiment 4

The RSVP task used in Experiment 4 was the same that was used
in Experiment 1. The difference between Experiments 1 and 4 was

that the same color and different color distractors were rendered
non-salient in Experiment 4 by presenting each of the three other
pound signs in a unique and different color, which is similar to the
procedure used by Lamy et al. (2004, Experiment 3). In Lamy et al.’s
(2004) study, a non-salient same color distractor captured atten-
tion and produced a spatial blink, which we expected to replicate.
Our question was whether the hemifield asymmetry for same color
distractors in Experiment 1 would be replicated in Experiment 4.

5.1. Method

Unless noted, all methods in Experiment 4 were the same as in
Experiment 1.

5.1.1. Subjects
A new sample of 24 students (n = 19 female; n = 20 right

handed) participated. Subjects ranged in age from 18 to 25
(M = 18.75, SD = 1.48), and all reported normal or corrected-to-nor-
mal vision. Each subject was randomly assigned a green target
group (n = 14) or a red-target group (n = 10).

5.1.2. Stimuli
The stimuli were the same as in Experiment 1, except for the

distractor displays for the same color distractor and different color
distractor conditions. In the same color distractor condition the
pound sign was presented to either the left or right of the RSVP
stream, was the same color as the target, and one each of the other
three pound signs were navy, cyan, and magenta. In the different
color distractor condition the pound sign to either the left or right
of the RSVP stream of letters was a different color than the target
(red if the target was green, and green if the target was red) and
one each of the other three pound signs were navy, cyan, and ma-
genta. Thus, for the same color distractor and different color dis-
tractor conditions, the distractor was no longer a color singleton;
hence, was not perceptually salient. In the all gray distractor con-
dition each pound sign was gray as in Experiments 1 and 2.

5.2. Results

Data from one subject were not included due to accuracy of 0%
in at least one condition. Data from the remaining 23 subjects were
handled the same as in Experiments 1 and 2. Each subject’s mean
proportion of correct target identifications was entered into a 2
(Hemifield: LVF vs. RVF) � 3 (Distractor Condition) � 5 (Lag) fully
repeated measured ANOVA. The analysis yielded statistically sig-
nificant main effects of distractor condition [F(2, 44) = 12.56,
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Fig. 4. Accuracy of target identification as a function of distractor condition visual hemifield, and lag in Experiment 3. Error bars are the 95% confidence intervals based on the
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MSE = .016, p < .0001, g2 = .36] and of lag [F(4, 88) = 8.82,
MSE = .018, p < .0001, g2 = .27]. As in Experiments 1 and 2, the
interaction between distractor condition and lag was significant
[F(8, 176) = 6.12, MSE = .008, p < .0001, g2 = .22]. As seen in Fig. 5,
this interaction was due to a drop in accuracy for the same color
distractor condition relative to the all gray condition and the differ-
ent color distractor condition at lags 1–3. This was confirmed by
simple main effects analyses of distractor condition at each lag.
The only significant effects were at lag 1 [F(2, 44) = 3.92,
MSE = .003, p < .027, g2 = .16], lag 2 [F(2, 44) = 13.79, MSE = .009,
p < .0001, g2 = .38], and lag 3 [F(2, F(2, 44) = 12.35, MSE = .005,
p < .0001, g2 = .36]. Follow-up non-directional LSD tests at lags 1–
3 revealed that accuracy in the same color distractor condition
was significantly less than the different color distractor condition
at lags 1–3 (p < .013) and was significantly less than the all gray
distractor condition at lags 2 and 3 (ps < .002) and marginally less
at lag 1 (p < .073). Surprisingly, the different color distractor condi-
tion was marginally less than the all gray condition at lag 2
(p < .069), but not the other lags (ps > .217). This result at lag 2 is
odd given the different color distractor was not salient and was
irrelevant to the target’s color. Inspection of our data revealed that
target accuracy for n = 4 subjects was less than 70% in that condi-
tion (M = .83, SD = .12 for all 23 subjects). However, these subjects’
accuracies were within two standard deviations from the mean in
this and all other conditions, so their data were not rejected due to
poor performance. We are unsure of source of this discrepant per-
formance for these subjects and encourage readers to interpret the
data from the different color distractor condition with caution. No
other effects were significant [Fs < 1.8, ps > .125].

As seen in Fig. 5, in the same color distractor condition accuracy
was slightly less at lags 2 and 3 when the same color distractor ap-
peared in the LVF than in the RVF. A 2 (Hemifield) � 5 (Lag) ANOVA
on the data from the same color distractor condition failed to yield
a significant interaction [F(4, 88) = 1.36, MSE = .011, p = .256,
g2 = .05]. The main effect of hemifield was marginally significant
[F(1, 23) = 4.33, MSE = .009, p < .049, g2 = .16] due to lower accu-
racy when the same color distractor appeared in the LVH
(M = .81) than the RVH (M = .84). As in Experiment 2, this hemifield
effect for same color distractors was not significantly larger than
the hemifield effect for different color distractors or all gray dis-
tractors, as indexed by the lack of significant distractor interactions
with hemifield in the omnibus ANOVA (ps > .125). We ran a post
hoc power analysis to determine whether there was sufficient
power to detect a hemifield by distractor interaction, which was
not significant in the omnibus ANOVA (p = .183). Entering the

following into G�Power 3, g2 = .074, n = 23, a = .05, q = .65, returned
the following power estimates: Cohen’s f = .28 and Power = .94.
That power was greater than .80 suggests our sample was large en-
ough to detect an interaction with hemifield.

5.3. Discussion

The results of Experiment 4 resemble those in Experiment 1,
where the presence of the same color distractor reduced accuracy
relative to the all gray and the different color distractor conditions.
This result, which mimics that observed by Lamy et al. (2004,
Experiment 3), suggests that when attentional control settings
are tuned to detect a specific feature, a non-salient distractor in
the periphery that shares its color with the target will capture
attention. The lack of a significant hemifield by distractor or hemi-
field by distractor by lag interaction suggests that reducing the sal-
ience of the distractor attenuated the hemifield asymmetry for
same color distractors. Alternatively, it may be that the generally
smaller spatial blink effect itself is attenuating the asymmetry,
akin to a floor effect. In either case, the attenuated asymmetry
could be due to reduced activation in a ventral attentional system
in response to the non-salient, but task-relevant same color dis-
tractor. This ventral attentional increases activation when salient
stimuli appear unexpectedly during difficult target search tasks
(Fox et al., 2006; Shulman et al., 2010). In Experiment 1, because
the distractors were more salient this ventral system might have
become more activated and directed more attention toward the
same color distractor. In contrast, in Experiment 4, because the
same color distractor was not salient, there might have been less
activation in this ventral system. This is addressed in Section 7.

Importantly, Experiment 4 adds to other studies showing that
stimulus driven salience contributes to the size of the spatial blink.
This is consistent with Du and Abrams (2008) who found the spa-
tial blink for same color distractors was larger when the distractor
display was associated with a transient onset and/or offset. This is
also consistent with the results of Lamy et al. (2004), in which the
spatial blink was smaller when the same color distractor was in a
heterogeneously colored display (as in our Experiment 4) than
when it was a color singleton among three gray distractors.

6. Comparing Experiments 1–4

Before discussing our results we first provide a comparison
across the four experiments. As mentioned earlier, overall
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performance was only marginally different across experiments, as
confirmed by a oneway ANOVA on overall subject accuracy
[F(3, 85) = 2.49, MSE = .008, p = .066, g2 = .08]. Thus, we do not be-
lieve that performance differences attenuated or amplified the
hemifield asymmetry on the spatial blink.

To compare across the four experiments, we included the all
gray distractor condition, which was common to all experiments.
We compared this to a ‘distractor present’ condition that included
the same color distractor condition in Experiments 1, 2 and 4 and
the distractor present condition in Experiment 3. We combined the
data this way, because the distractor present condition in Experi-
ment 3 is similar to the same color distractor condition. In Exper-
iments 1, 2, and 4, the same color distractor was featurally relevant
to the subjects attentional control settings for a specific target col-
or; and in Experiment 3, the color singleton distractor was relevant
to the target’s being a singleton after subjects were enticed to use a
singleton detection mode.

Target identification accuracies were compared in a 4 (Experi-
ment) � 2 (Hemifield) � 2 (Distractor: All Gray vs. Present) � 5
(Lag) mixed-ANOVA, with Experiment the only between-subjects
factor. The results of this ANOVA appear in Table 1. Although many
effects were statistically significant, the most important is the four-
way interaction (p < .005), which suggests that the hemifield asym-
metry in the spatial blink differed across experiments. One note-
worthy effect is the hemifield by distractor interaction (p < .038),
which was due to significantly lower accuracy when a color single-
ton distractor was present in the LVH (M = .79) than in the RVH
[M = .82; t(88) = 4.83, SE = .006, p < .0001]. This suggests that tar-
get-relevant distractors interfere more when they appear in the
LVH than in the RVH. Most importantly, the four-way interaction
suggests that this asymmetry for target-relevant color singleton
distractors differs as a function of search mode and distractor
salience.

7. General discussion

Four experiments examined a visual hemifield asymmetry in
the capture of visual attention. Experiment 1 replicated Du and
Abrams’ (2010) study and revealed that when a same color distrac-
tor appeared in the LVF there was a rapid decrease in accuracy
from lags 0 through 2 with a slight recovery by lag 3; whereas
when a same color distractor appeared in the RVF there was a
gradual decrease in accuracy from lags 0 through 3. Given that a
spatial blink was present at lag 3 (SOA = 240 ms) and both Lamy
et al. (2004) and Leblanc and Jolicoeur (2005) observed spatial
blink effects at lags of 5 (SOA = 500 ms) and 4 (SOA = 467 ms),

respectively, future studies might include additional lags/SOAs to
closely examine the asymmetric time course of the spatial blink
between the LVF and RVF. In Experiment 2, we made target detec-
tion easier by presenting each non-target in gray, which attenuated
the hemifield asymmetry in the spatial blink for same color dis-
tractors. This suggests that having specifically-tuned attentional
control settings during a feature search task is necessary to pro-
duce a robust asymmetry in the spatial blink. In Experiment 3,
we observed a hemifield asymmetry in the spatial blink when
observers had to rely on singleton detection: A color singleton dis-
tractor produced a spatial blink in the LVF, but produced little to no
spatial blink in the RVF. In Experiment 4, we found that the asym-
metry in the spatial blink was attenuated when a same color dis-
tractor was not a singleton. This suggests that attention shifts
more strongly to an item with the same color as the target in the
LVF than in the RVF only if that distractor is perceptually distinct.

Our general findings are that the hemifield asymmetry in the
spatial blink for same color distractors depends on the specificity
of attentional control settings during feature search mode (Exper-
iment 1 vs. Experiment 2), whether subjects are truly engaged in a
singleton detection mode (Experiment 2 vs. Experiment 3) and sal-
ience of the same color distractor during feature search mode
(Experiment 1 vs. Experiment 4). Below, we address several issues
related to the asymmetry and some cortical mechanisms that may
be involved.

One question is how the attentional control settings differed
across experiments. In Experiments 1 and 4, because the target
was a uniquely colored letter, subjects must have tuned their
attentional settings to detect the one red or green letter. This is
akin to adopting a feature search mode for a visual target item
(e.g., square) while several different non-target items (e.g., dia-
mond, circle, triangle) are present with the target (Bacon & Egeth,
1994; Lamy & Egeth, 2003; Pashler, 1988). With attentional set-
tings tuned to a highly specific color, it is not surprising that only
the same color distractor produced a spatial blink. That is, specifi-
cally-tuned attentional control settings suppressed the bottom-up,
salient signals from the different color distractor. In contrast, in
Experiment 3, subjects must have adopted a singleton detection
mode, because the target’s color was unpredictable. In this case,
whenever a color singleton distractor appeared in the periphery
it should have captured attention and produced a spatial blink, be-
cause a color ‘singleton’ was relevant to the top-down setting to
detect ‘singletons’, which was observed.

However, the attentional control settings that were adopted in
Experiment 2 are less clear. Because the target was the only col-
ored letter in the RSVP stream subjects could have used singleton
detection mode (Bacon & Egeth, 1994; Folk et al. 2002; Lamy &

Table 1
Summary table for the Experiment � Hemifield � Distractor � Lag ANOVA on subject accuracies.

Effect F dfB dfW MSE p g2

Experiment 1.56 3 85 .173 .205 .05
Hemifield 20.95 1 85 .009 .0001 .20
Distractor 94.46 1 85 .019 .0001 .53
Lag 29.72 4 340 .016 .0001 .26
Experiment � Hemifield 0.61 3 85 .009 .606 .02
Experiment � Distractor 6.20 3 85 .019 .001 .18
Experiment � Lag 3.89 12 340 .016 .0001 .12
Hemifield � Distractor 4.43 1 85 .007 .038 .05
Hemifield � Lag 2.56 4 340 .008 .038 .03
Distractor � Lag 39.98 4 340 .009 .0001 .32
Experiment � Hemifield � Distractor 1.36 3 85 .007 .261 .05
Experiment � Hemifield � Lag 0.57 12 340 .008 .865 .02
Experiment � Distractor � Lag 3.53 4 340 .009 .0001 .11
Hemifield � Distractor � Lag 5.15 4 340 .008 .0001 .06
Experiment � Hemifield � Distractor � Lag 2.44 12 340 .008 .005 .08
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Egeth, 2003; Pashler, 1988). But if singleton detection was used,
then both the same color and different color distractors should
have produced a robust spatial blink. But in Experiment 2 the dif-
ferent color distractor produced only a small spatial blink, which
differs from the results of Folk et al.’s (2002) Experiment 1. We
do not know why the magnitude of the spatial blink for different
color distractors was smaller than Folk et al.’s (2002). We interpret
this to mean that subjects in Experiment 2 must have set them-
selves to detect the one red, or for other subjects green, letter (fea-
ture search mode), but because the target was a color singleton,
this tuning of attention was not as focused as Experiments 1 and
4. That is, attentional control settings were relaxed.

What cortical systems might be involved with the hemifield
asymmetry? One explanation for our results is an interaction be-
tween a dorsal and a ventral frontoparietal network (readers are
encouraged to see Fig. 7 in Corbetta & Shulman, 2002). According
to Corbetta and Shulman (2002); see also, Shulman et al. (2010)
the dorsal network, which consists of intraparietal sulcus (IPS),
frontal eye field (FEF), and superior parietal lobule (SPL), is bilateral
and involved with voluntary orienting of attention. For example,
Corbetta et al. (2000); see also, Kincade et al. (2005) found that
activity in ventral, anterior, and posterior IPSs increased during vi-
sual processing of a centrally-presented endogenous arrow cue
that required attention be oriented in the direction as the arrow.
The ventral network, which consists of the temporoparietal junction
(TPJ) and ventral frontal cortex (VFC) is lateralized to the right hemi-
sphere and involved with stimulus-driven orienting of attention to
behaviorally-relevant and unexpected stimuli; that is, contingent
capture of attention (cf. Folk et al., 1992). For example, Serences
et al. (2005); see also, Arrington, Carr, Mayer, & Rao, 2000) found
that the TPJ was activated more by unexpected stimuli that were
the same color as a target than by salient distractors that were col-
ored different than the target. Also, both Kincade et al. (2005) and
Corbetta et al. (2000) observed increased activation in the right
TPJ than left TPJ during detection of these salient visual targets.

In the model proposed by Corbetta and Shulman (2002), the
ventral and dorsal systems interact to orient attention. The dorsal
system acts as the top-down control system that influences to
which visual stimuli the ventral system responds. As Corbetta, Kin-
cade, and Shulman (2002) have demonstrated, areas of the dorsal
network that are activated during voluntary orienting of attention
overlap with areas that are activated while retaining items in spa-
tial working memory, which is a key mechanism for controlling vi-
sual–spatial attention (Awh & Jonides, 2001). When attentional
control settings are tuned to detect a specific feature, the ventral
system (in particular TPJ), being influenced by the dorsal system,
acts as a filter that only allows target-relevant stimuli to pass
and blocks salient but irrelevant stimuli (see also Serences et al.,
2005). The ventral system also acts as a circuit breaker that disen-
gages the dorsal system’s control over attending to a specific loca-
tion and allows attention to shift toward behaviorally relevant, but
unexpected visual stimuli. In support of this model, Shulman et al.
(2010) made voxel-to-voxel comparisons between the left and
right hemispheres and found that dorsal frontoparietal regions
were equally activated during shifts of spatial attention, but the
right TPJ was more active than the left TPJ during stimulus-driven
shifts of attention.

The results of the present study seem to fit within Corbetta and
Shulman’s (2002) model. Specifically, in Experiment 1, the dorsal
system likely maintained attention on the RSVP stream and influ-
enced the ventral system to detect behaviorally-relevant stimuli
(the target color). When a same color distractor appeared in the
periphery it would have activated the ventral system and attention
would have oriented toward the distractor. A same color distractor
in the LVF would have made direct contact with the TPJ in the
contralateral (right) hemisphere, thereby producing more activa-

tion and a stronger orienting response than a same color distractor
in the RVF. Because the right TPJ is activated more by behaviorally-
relevant stimuli (Arrington et al., 2000; Corbetta et al., 2000; Kin-
cade et al., 2005; Serences et al., 2005), the hemifield asymmetry
in the spatial blink in Experiment 1 and in Du and Abrams’
(2010) study might be due to increased activation in this right-lat-
eralized ventral system.

The attenuated asymmetry in the spatial blink for same color
distractors in Experiment 2 is likely due to the change in the diffi-
culty of target detection. Because target detection was easier in
Experiment 2 (attentional control settings were relaxed), the dor-
sal system may not have required the ventral system to filter the
non-target letters to the same degree as in Experiment 1. That is,
the easier task might have reduced activation from the dorsal on
the ventral system. If this was the case, a same color distractor in
the LVF should not show as strong of an orienting advantage over
a distractor in the RVF. Thus, the lack attenuated asymmetry in the
spatial blink for same color distractors may be due to left and right
TPJs being activated equivalently to same color distractors in the
contralateral hemifield (Kincade et al., 2005; Serences et al.,
2005). That is, although the ventral system is right lateralized, both
right and left TPJs respond to behaviorally-relevant stimuli. The TPJ
that is contralateral to a same color distractor should become acti-
vated to the same degree in the absence of strong top-down activa-
tion from the dorsal system.

The hemifield asymmetry in Experiment 3, which emerged dur-
ing singleton detection, may also be due to an influence of the dor-
sal system on the ventral system. In Experiment 3, because the
target’s color varied across trials subjects had to set themselves
to detect a color singleton, because this defined the target. Hence,
any color singleton distractor was relevant to this top-down atten-
tional control setting. When a color singleton distractor appeared
in the periphery, the ventral system would have been alerted and
attention would have shifted to toward the distractor. Because
the right TPJ shows more activation to behaviorally-relevant stim-
uli than the left TPJ (Arrington et al., 2000; Corbetta et al., 2000;
Kincade et al., 2005; Serences et al., 2005), a singleton distractor
in the LVF would make direct contact with this right-lateralized
ventral orienting system. Thus, the asymmetry might be due to
more activation in this ventral attention orienting system.

Finally, the attenuated asymmetry in the spatial blink for same
color distractors in Experiment 4 may be due less activation in the
ventral system upon presentation of a non-salient distractor.
According to (Corbetta & Shulman, 2002; see also Corbetta et al.,
2000; Fox et al., 2006; Kincade et al., 2005; Serences et al., 2005),
the TPJs are activated more to unexpected, behaviorally-relevant,
and salient stimuli. Downar, Crawley, Mikulis, and Davis (2002)
demonstrated that the TPJs show more activation to salient stimuli
than to non-salient stimuli; hence, the TPJs are likely involved in
stimulus-driven orienting of attention. If a behaviorally-relevant
stimulus’ salience was reduced, as in Experiment 4, this should
produce less activation in the TPJs. In Experiment 4, because the
same color distractor appeared with several differently colored
items, the TPJs might have been activated less than in Experiment
1 when the same color distractor was a singleton. This lower acti-
vation might have attenuated the asymmetry in the spatial blink
for the same color distractors.

Relating of our results to Corbetta and Shulman’s (2002) model
of attentional orienting is speculative and in some cases little to no
direct imaging research has been conducted that might support
our assumptions. Future research should investigate the modula-
tion of the dorsal and ventral systems (in particular the TPJs) as a
function of changes in attentional control settings; specifically, sin-
gleton detection vs. feature search modes. Indeed, that we found
evidence suggesting changes in task requirements and perceptual
salience can modulate the hemifield asymmetry in the spatial blink
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suggests there is an accompanying modulation of underlying corti-
cal operation, be it in function, location, or both.
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