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Limitations in attending to a feature value
for overriding stimulus-driven interference

TAKATSUNE KUMADA
National Institute ofBioscience and Human- Technology, Ibaraki, Japan

Six experiments were conducted to examine the effect of knowledge of a target for overriding
stimulus-driven interference in simple search tasks (Experiments 1-3) and compound search tasks
(Experiments 4-6). In simple search when the target differed from nontargets in orientation, a single
ton distractor that had an orientation equivalent to that of a target interfered with search for the tar
get. When the singleton distractor was less salient than the target with respect to the target-defining
feature, it still caused interference. Such within-dimensional, nonsaliency-based interference also oc
curred in compound search tasks. In contrast, no interference occurred when a singleton distractor
was defined in cross-dimension in a simple search task. When a compound search task was used, the
salient distractor interfered with the search for a less salient target. These results are discussed in terms
of their applicability to existing models and the limitations of top-down penetrability of a feature pro
cessing stage.

A salient object presented in a visual field can be de
tected without subjective impression of any attentional
scrutiny. This phenomenon, referred to as pop-out, has
been extensively examined using visual search tasks (Treis
man, 1988; Treisman & Gelade, 1980; Treisman & Gormi
can, 1988). Pop-out is experimentally defined as the shal
low slope (less than 5 or 6 mseclelement) ofthe search time
function for detecting a target as a function of the num
ber ofdistractors (Treisman & Souther, 1985). Generally,
pop-out is observed when the target is defined against
distractors by one feature difference, such as color, ori
entation, brightness, shape, or size (e.g., Treisman, 1988;
Treisman & Gelade, 1980). It is argued that pop-out is me
diated by preattentive or automatic coding of visual fea
tures that are applied in parallel across the visual field.
This parallel feature processing serves as the basis for
guiding focal attention to a particular region of the visual
field (e.g., Cave & Wolfe, 1990; Koch & Ullman, 1985;
Wolfe, 1994).

In recent studies, the mechanism of shifts of focal at
tention induced by a feature singleton during a visual
search task has been investigated (e.g., Theeuwes, 1994;
Yantis & Hillstrom, 1994). The effects of the presentation
of a feature singleton distractor, which are explained by
assuming that attention is captured by the feature single
ton, are discussed in terms of the locus of two ways ofat
tentional control-namely, goal-directed control and
stimulus-driven control. Goal-directed control is mediated
by an observer's knowledge ofthe target, whereas stimulus-
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driven control is based on bottom-up activation that is
computed in parallel feature processes. Several studies
suggest that the two ways of control are not independent
but are interactive or competitive (Folk, Remington, &
Johnston, 1993; Yantis, 1993).

Several studies have revealed the strong effect of
stimulus-driven control ofattention. Presentation ofsome
kind of feature singleton in a visual search display causes
a distracting effect of searching for a target irrespective
of the observer's goal in the task. First, a singleton distrac
tor that is more salient than the target interferes with the
search for the target even when the singleton distractor is
defined with respect to an irrelevant feature dimension
(Theeuwes, 1991a, 1992, 1994). Second, dynamic visual
changes, such as abrupt visual onsets, can interfere with
the search for a target (Yantis & Johnson, 1990; Yantis &
Jones, 1991; Yantis & Jonides, 1990).

With respect to the effect of top-down control on the
stimulus-driven control of attention, experimental condi
tions in which the extent of interference from the feature
singleton is reduced by prior knowledge of a target have
been explored. First, knowledge of the target location is
very effective in overriding stimulus-driven interference
from a feature singleton (Theeuwes, 1991b; Yantis &
Jonides, 1990). Second, when subjects know a particular
feature value ofthe target and the feature singleton is irrel
evant to the target, goal-directed selection could override
stimulus-driven interference (Bacon & Egeth, 1994; Pash
ler, 1988). In Experiment 6 of Pashler's study, although
no standard visual search task was used, irrelevant color
variation did not interfere with the search for a form sin
gleton when subjects knew the form ofthe target. In con
trast, Theeuwes (1992) reported that the presence of a
salient singleton with respect to an irrelevant feature di
mension interfered with the search for a target, even when
subjects knew the feature value of the target. This result
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suggested that goal-directed selection based on a particu
lar feature value could not be used for overriding stimulus
driven interference from the irrelevant singleton.

Bacon and Egeth (1994) explained these results by as
suming two modes of top-down processing: the feature
search mode and the singleton detection mode. They ar
gued that the subjects in the study conducted by Theeuwes
(1992) might have used the singleton detection mode, in
which subjects set their attention to detect any singletons
on the visual display. This assumption is consistent with
the data-driven selection model proposed by Theeuwes
(199la, 1992, 1994). In that model, spatial attention is
involuntarily captured by the most salient singleton in the
visual field. Ifthe most salient singleton is not the target,
attention is assumed to be automatically switched to the
next most salient singleton. Therefore, when subjects
adopt the singleton detection mode, distraction by the
most salient singleton is inevitable regardless of the
knowledge of the target-defining feature value.

On the other hand, Bacon and Egeth (1994) assumed
that Pashler's (1988) subjects adopted the feature search
mode: Subjects voluntarily monitor a specific feature map
that codes for the presence of a relevant feature. If the ir
relevant singleton does not activate the monitored feature
map, it does not interfere with the detection of the target.
They examined the validity of this assumption by using
tasks similar to those employed by Theeuwes (199la,
1992). When subjects were forced to search for a target
feature, not for a singleton, there was no distracting ef
fect ofan irrelevant singleton distractor. They concluded
that goal-directed selection of a specific known feature
value could be used for overriding stimulus-driven in
terference from a salient feature singleton.

It is worthwhile to examine the conclusion more closely.
Bacon and Egeth (1994), in their Experiment 3, presented
one or two nontargets that had a unique feature value
with respect to a target-defining feature (i.e., shape) for
the purpose offorcing subjects to search for a specific tar
get feature value (i.e., circle), but not for the most salient
singleton. In some trials, a distractor that was different in
color from other display elements was presented. They
found no effect of the distractor but a significant effect of
the number of nontargets with unique forms. When sub
jects were forced to search for a specific form, the pre
sentation of a color singleton distractor did not interfere
with the detection of the form-defined target. The results
were considered as evidence in favor of the feature search
mode. Since the subjects could confine their search to a
specific feature value, an irrelevant distractor that had a
unique feature value with respect to another feature di
mension did not interfere with the detection of the target.

Bacon and Egeth interpreted the significant effect of
the number of nontargets with unique forms, in which
the reaction times (RTs) increased as a function of the
number of nontargets with unique forms, as the within
nontarget heterogeneity effect in visual search (Duncan
& Humphreys, 1989). However, another interpretation
ofthe result is also possible. The significant effect of the

number of nontargets with unique forms could be inter
preted as the effect of attentional capture by the unique
nontargets. The RTswereprolonged as a result of incorrect
attentional capture by nontargets that had a unique feature
value with respect to the target-defining feature. Ifthis in
terpretation were accepted, the results would show that
the subjects could not confine their search to a prespec
ified target feature value. Therefore, the new interpreta
tion leads to a hypothesis that attentional control settings
could be tuned to a specific feature dimension, not to a spe
cific feature value. The subjects could not attend to a spe
cific feature value, even when they knew the target fea
ture value.

The results ofExperiment 6 ofPashler (1988) are also
not considered to be direct evidence that subjects can at
tend to a particular feature value that defines a target.
Bacon and Egeth (1994) interpreted those results as ev
idence that an irrelevant singleton interferes substan
tially only when the target feature is unspecified. In other
words, the singleton does not interfere with the detection
of a target when the target feature is known. Since the task
involved localization of a singleton target, it could be
solved by singleton detection within a target-defining fea
ture dimension. Therefore, it was not necessary for the
subjects to use their knowledge ofa particular target fea
ture value. The result can also be explained by assuming
that attentional control settings could not be tuned to a
specific feature value. That is, in the study, the subjects
could override the interference from an irrelevant feature
singleton by attending to the specific feature dimension.

Recent studies have proposed a mechanism of top-down
control ofa specific feature dimension (Found & Muller,
1996; Muller, Heller, & Ziegler, 1995). Muller and his
colleagues proposed a dimension-weighting mechanism
that serves to weight a specific feature dimension when
a target feature is known. They proposed dimension
specific saliency maps. The total activation of each ofthe
stimulus elements was computed in terms ofthe weighted
sum of individual dimension-specific saliency maps.
When the target feature is known, the feature dimension
is assigned a large weight. In the model, the feature di
mension of a singleton target must be known to obtain a
pop-out response, but particular target values for that di
mension are not necessary. However, the mechanism was
not assumed when the subjects were required to attend to
a specific feature value. Therefore, it is still not clear
whether top-down control can be used for overriding in
terference from a singleton distractor that is unique with
respect to the target-defining feature.

This study was primarily concerned with attentional
selectivity among salient elements that are defined by a
single feature dimension. Recently, Folk and Remington
(1998) examined the within-dimensional selectivity
using a spatial cuing paradigm. They found that an irrel
evant feature singleton captures spatial attention only
when the singleton is defined by the same feature value
as the target. On the other hand, previous studies using
visual search tasks have suggested that subjects can con-
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fine their search to a specific feature dimension (Bacon
& Egeth, 1994; Miiller et al., 1995; Pashler, 1988). How
ever, there is no direct evidence that subjects can attend
to a specific feature value to override interference from a
singleton distractor in the context ofvisual search studies.

The purpose of this study was to investigate the effi
ciency of knowledge of a target feature value for over
riding stimulus-driven interference, using a visual search
task. Consider a typical visual search display in which a
target differs from uniform distractors, referred to as
nontargets in this article, only in orientation. Previous
research suggested that the target pops out when it is suf
ficiently different from non targets (e.g., Treisman &
Gelade, 1980). Next, assume that the visual search dis
play also contains one distractor that differs from nontar
gets in the same dimension as the target (i.e., orientation
in this case) but that has a feature value different from
the target with respect to the target-defining feature; this
distractor also pops out in the display if it is used as a
target. Such a distractor is referred to as a singleton dis
tractor in this article. The questions addressed in this study
were whether the singleton distractor defined with re
spect to the target-defining feature interferes with the de
tection ofthe target and whether the interference effect can
be observed when the roles of the target and the single
ton distractor are reversed.

Under these display conditions, two patterns of results
are predicted from two different models, which corre
spond to two modes of processing as proposed by Bacon
and Egeth (1994). The first model assumes that there is
a complete attentional control setting for a target-defining
feature value. Since the target feature value is known and
is constant in all the trials, and since subjects can use
their knowledge of the target feature value to search for
the target, the singleton distractor will not interfere with
the detection of the target. Therefore, this model predicts
that no interference effect of the singleton distractor on
the detection of the target will be observed. The second
model assumes that subjects cannot use their knowledge
of the target feature value to search for a specified target.
This is considered to apply to within-dimensional selec
tion in the data-driven selection model (Theeuwes, 1991a,
1992), although Theeuwes proposed this model on the
basis of cross-dimensional interference using separable
visual feature dimensions. It is predicted from this model
that performance of target search is determined by the
relative saliency of the target and the singleton distractor
irrespective of prior knowledge of the target. If the target
is less salient than the singleton distractor, the singleton
distractor interferes with the detection of the target. How
ever, if the target is more salient than the singleton dis
tractor, the singleton distractor does not interfere with
the detection of the target. Therefore, this model predicts
an asymmetric, or one-way, interference effect of a single
ton distractor on the detection of a target.

This study was basically modeled after previous studies
on attentional capture (Bacon & Egeth, 1994; Theeuwes,
1991a, 1992), with two major modifications. First, in

this study, a simple visual search task was used in addi
tion to a compound search task. Previous studies used
different tasks; although a compound visual search task
has been widely used in studies ofattentional capture (e.g.,
Bacon & Egeth, 1994; Theeuwes, 1991a, 1992), Miiller
and his colleagues used a simple visual search task (Found
& Miiller, 1996; Miiller et a!., 1995). The compound
search task was useful for demonstrating the limitations
in processing the reported feature in the second, limited
capacity stage ofvisual processing (Duncan, 1985). How
ever, the discussion became complicated when the com
pound search task was used, because many recent findings
and models obtained using the simple visual search task
cannot be simply applied to the results obtained using
the compound search task. Indeed, Theeuwes (1991a)
recognized a difference between the compound search
task used in his study and the simple visual search task.
He noted that a focal attentional process was always re
quired in compound search tasks because the reported
feature could not be detected without focal attention on
the target. However, he argued that, in the simple visual
search task, the subjects could respond on the basis of
the detection ofactivity in a particular feature map, thereby
bypassing the focal attentional process. To discuss the
results ofthe recent models obtained from the use of sim
ple visual search tasks, simple feature search tasks (Ex
periments 1-3) and compound search tasks (Experi
ments 4-6) should be used with similar stimulus displays
in the same study.

Second, instead of shape dimension, which was used
in previous studies (Bacon & Egeth, 1994; Theeuwes,
1991a, 1992), orientation dimension was used as a target
defining feature. Using shape dimension, it is difficult to
compare the saliency ofone value (e.g., a circle) with that
ofanother (e.g., a triangle) among backgrounds (e.g., di
amonds). In contrast, the saliency oftwo elements that dif
fer in the orientation dimension can be manipulated and
described on the basis of the angular difference between
the two elements (see also Wolfe & Friedman-Hill, 1992).
Two elements-one that is tilted X degrees in the clock
wise direction, and one that is tilted X degrees in the
counterclockwise direction, with respect to their vertical
orientation-are assumed to have equivalent saliency
among elements with vertical orientation. Therefore,
orientation is more useful than shape as a target-defining
feature for controlling the saliency of a target.

EXPERIMENT 1

In Experiment I, the effect ofthe extent ofprior knowl
edge of a target feature value for overriding stimulus
driven interference was examined using a singleton dis
tractor that had saliency equivalent to that of a target
among distractors with respect to the target-defining fea
ture. As a control condition, a simple feature search task
in which the target was a green left-tilted rectangle and
the nontarget was a green vertically oriented rectangle was
used. This condition was referred to as the no-distractor
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Figure 1. Examples of stimulus displays in Experiment 1: (a) no-distractor condition and (b) singleton

distractor condition. Left panels show target-present trials; right panels show target-absent trials.

condition. The subjects' task was to search for the pre
specified target and to respond to its presence or absence.
In the singleton-distractor condition, one of the nontar
gets in the no-distractor condition was replaced with a
singleton distractor. The singleton distractor was a green
rectangle tilted to the same degree as the target, but in
the opposite direction (i.e., to the right). Since both the
target and the singleton distractor differed from the non
targets only in orientation, the stimulus-driven activation
of the target and that of the singleton distractor were as
sumed to be equivalent on the orientation feature map. If
knowledge of a specific target feature value (i.e., left
tilted in the present display) is available for overriding
the stimulus-driven activation, it is expected that no in
terference from the singleton distractor will be observed.

Method
Subjects. Eight volunteers (4 males and 4 females; 21-26 years

of age) participated as paid subjects. All had normal or corrected
to-normal visual acuity and normal color vision.

Apparatus and Stimuli. Visual stimuli were generated and con
trolled by a microcomputer (Apple Macintosh IIsi) and were pre
sented on a 13-in. color CRTdisplay (Apple Color High-Resolution
RGB Monitor). The display elements were green (CIE x, y coordi
nates of.258/.479; 17.58 cd/rn-) rectangles (10 X 5 mm; 1° X 0.5"
in visual angle). Two singleton-distractor conditions were pre
sented. First, in the no-distractor condition (Figure Ia), the target
was defined only by orientation; the target was a green rectangle
tilted 45° to the left from its vertical orientation, and the nontarget
was a green vertically oriented rectangle. Under the singleton
distractor condition (Figure Ib), one of the nontargets used under
the no-distractor condition was replaced by a singleton distractor.
The singleton distractor was a green rectangle tilted 45° to the right
from its vertical orientation. Under the two singleton-distractor
conditions, there were three levels of display size defined by the
total number ofdisplay elements: 5, 10, and 15. The elements were
randomly scattered in cells of an imaginary 4 X 5 matrix (80 X 100
mm; 8° X 10° in visual angle). In half of the trials, the target was
presented; in the other half, it was not. Trials to test the two condi
tions were each repeated in four separate blocks. Each block was
composed of 120 (3 display sizes X 2 responses X 20 repetitions)
trials presented in random order. The order of presentation of the
eight blocks was counterbalanced among the subjects. Before the



LIMITATIONS IN ATTENDING TO A FEATURE VALUE 65

900
Target Target
present absent

800 No distractor -e- ---.-
--- Distractor -&-- ----.-en.s

700Q) *-E • ........
"~

c 6000
"+:'
U
CIS • • •Q) 500a:

400
5 10 15

Display size

Figure 2. Mean correct RTs as a function of response and
display size in Experiment 1.

presentation of the first block under each distractor condition, the
subjects received a practice block (30 trials).

Procedure. Each subject was seated 57 em from the CRT dis
play, with hislher head supported by a chinrest. The sequence of
each trial was as follows. First, a small white dot was presented as
a fixation point in the center of the display for 2 sec. After I sec of
blank display, a visual search display was presented until the sub
ject responded. The subject's task was to search for a prespecified
target and to respond to the presence or absence of the target as
quickly and accurately as possible by pressing one of two keys. The
two keys were assigned to the index fingers of each hand. Half of
the subjects pressed a key using the right index finger when the tar
get was present and another key using the left index finger when it
was absent, and this was reversed for the other half. The time from
the onset of the presentation of the visual search display to the ini
tiation of response was measured as the RT in each trial.

Results
In this experiment and all subsequent experiments re

ported in this article, the RT outliers were removed from
the data set prior to analysis. The outliers were defined as
RTs faster than 200 msec or slower than 3 SDs above the
mean for the subject and the condition. In Experiment I,
this resulted in the removal of2.47% ofall observations.

The mean correct RTs are plotted as a function ofdis
play size in Figure 2. A three-way analysis of variance
(ANOVA), with main terms of distractor condition, re
sponse, and display size, was performed. All of the main
effects were significant [distractor condition, F( 1,7) =

47.08,p < .01; response, F(l,7) = 14.91,p < .01; dis
play size, F(2,14) = 3.99,p < .05]. All ofthe two-way in
teractions were also significant [distractor condition X re
sponse, F(l,7) = 12.49,p < .01; response X display size,
F(2,14) = 6.06,p < .05; distractor condition X display
size, F(2,14) = 5.20,p < .05]. The three-way interaction
was not significant. Simple effect analysis of the distrac
tor condition X response interaction revealed a signifi
cant simple effect of the distractor for both target-present
trials [F(l, 14) = 15.18, P < .0 I-] and target-absent trials

[F(l,14) = 59.08,p < .01]. Simple effect analysis of the
distractor condition X display size interaction revealed that
the mean RTs in the distractor condition were different
from those in the no-distractor condition at all levels of
display size [Display Size 5,F(l ,21) = 55.67,p < .01; Dis
play Size 10, F(l,21) = 37.78,p < .01; Display Size 15,
F(I,2I) = 39.47,p < .01]. These analyses confirmed the
significant distraction effects of the singleton distractor.

The slope of the RT function was determined by linear
regression analysis of the mean RTs. For target-present
and target-absent trials, the slopes under the no-distractor
condition were -0.25 and -0.07 msec/element, and those
under the singleton-distractor condition were - 2.73 and
-1.56 msec/element, respectively.

Table 1 shows the error rates for each condition ofEx
periment 1. The error rates were subjected to an arcsine
transformation and entered into a three-way (distractor
condition X response X display size) ANOVA. None of
the main effects or interactions were significant (p > .05).
The error rates remained constant across all conditions,
suggesting that the subjects did not tend to make a speed
accuracy tradeoff.

Discussion
In Experiment 1, the singleton distractor differed from

the nontargets with respect to only one feature dimension
(i.e., orientation). Furthermore, the target and the singleton
distractor had equivalent saliency among the nontargets
with respect to the target-defining feature. Nevertheless,
the singleton distractor interfered with the detection ofthe
target. The distraction effect was 75.2 msec (averaged
across three display sizes) for target-present trials. If the
knowledge of the target feature value could give any ad
vantage for overriding stimulus-driven interference, no
distraction effect of the singleton distractor would have
been found. However, the present results suggest that the
knowledge ofa target feature value is insufficient for over
riding the stimulus-driven interference. Attentional con
trol setting for a specific feature value appears impossible,
at least in the present task.

The present results might be explained by applying a
data-driven selection model to selection among salient el
ements defined by a feature dimension. According to
this model, since the target and the singleton distractor
had equivalent saliency in the orientation dimension, one
of the two salient display elements was first selected by

Table 1
Error Rates (Percent) for Each Condition of Experiment 1

Display Size

Response 5 10 15

No-DistractorCondition
Targetpresent 2.3 1.4 2.5
Targetabsent 0.9 1.1 0.8

Singleton-DistractcrCondition
Targetpresent 2.5 \.8 2.2
Targetabsent 2.7 2.2 2.2
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Figure 3. Mean correct RTs as a function of response and

display size in Experiment 2.

chance. Therefore, the singleton distractor interfered with
the detection ofa target in the stimulus display of this ex
periment.

EXPERIMENT 2

In Experiment I, knowledge of the target feature value
was not enough to override stimulus-driven interference
even though the target had saliency equivalent to that of
the singleton distractor among nontargets. 'This result is
consistent with the data-driven selection model. Experi
ment 2 was designed to test the validity ofthe data-driven
selection model under within-dimensional selection. In
this experiment, while the target and the nontarget were
identical, just as in Experiment I, the angular difference
between the singleton distractor and the nontarget was
reduced. This modification was intended to reduce the
saliency of the singleton distractor with respect to the
target-defining feature. It is known that the physical sim
ilarity between a target and a distractor in one feature di
mension correlates with the efficiency of visual search
(Duncan & Humphreys, 1989). Furthermore, the physi
cal similarity between two elements in a feature dimen
sion is considered to be parallel to the saliency (Theeuwes,
199Ia). Therefore, by modifying the orientation of the
singleton distractor, a target is assumed to be more salient
than the singleton distractor in a target-defining feature
dimension. Ifthe singleton distractor captures attention on
the basis of this saliency, as suggested in the data-driven
selection model, a less salient singleton distractor in the
display would not capture attention in this experiment.

tor. The singleton distractor was a green rectangle tilted 22.5° to the
right from its vertical orientation.'

Procedure. The task was identical to that described in Experi
ment I.

Results
The RT outliers were discarded using the same proce

dure as in Experiment I. In Experiment 2, this resulted in
the removal of3.13% of all observations.

The mean correct RTs are plotted as a function ofdis
play size in Figure 3. A three-way ANOVA, with the main
terms ofdistractor condition, response, and display size,
was performed. The main effects of distractor condition
and display size were significant [distractor condition,
F(l,7) = 40.03,p < .01; display size, F(2,14) = 4.20,p <
:05], whereas the main effect ofresponse was not signif
icant, Two of the two-way interactions were also signifi
cant [distractor condition X response, F(l,7) = 8.88, p <
.05; response X display size, F(2,14) = 11.l8,p < .01].
The distractor condition X display size interaction was not
significant. The three-way interaction was significant
[F(2,14) = 4.1 I, P < .05]. Simple interaction analysis
was conducted to reveal the effect of the distractor con
dition. The three-way interaction was decomposed on the
b~sis of response. For target-present trials, the simple
distractor condition X display size interaction was not
significant (p > .05), whereas there were significant sim
ple main effects ofdistractor condition [F(l, 14) = 18.58,
P < .01] and display size [F(2,28) = 6.92,p < .01]. For
target-absent trials, the simple distractor condition X

display size interaction was significant [F(2,28) = 6.19,
p < .01]. For target-present trials, the presentation ofa
singleton distractor prolonged the RTs.

The slope of the RT function was determined by linear
regression analysis of the mean RTs. For target-present
and target-absent trials, the slopes for the no-distractor
condition were -0.25 and -0.34 msec/element, and those
for the singleton-distractor condition were -0.47 and
- 3.15 msec/element, respectively.

Table 2 shows the error rates for each condition ofEx
periment 2. Error rates were subjected to an arcsine
transformation and entered into a three-way (distractor
condition X response X display size) ANOVA. The main
e~~cts of ~istractorcondition and display size were sig
nificant [distractor, F(l,7) = 7.03,p < .05; display size,
F(2,14) = 4.34,p < .05], whereas the main effects ofre
sponse and two- and three-way interactions were not sig-

Table 2
Error Rates (Percent) for Each Condition of Experiment 2

DisplaySize

Response 5 10 15

Method
Subjects. Eight new volunteers (6 males and 2 females; 20-33

years of age) participated as paid subjects. All had normal or
corrected-to-normal visual acuity and normal color vision.

Apparatus and stimuli. The apparatus and the stimuli were
identical to those in Experiment I, except for the singleton distrac-

No-DistractorCondition
Targetpresent 2.8 1.4
Targetabsent 1.4 1.6

Singleton-Distractor Condition
Targetpresent 5.2 1.9
Targetabsent 3.1 2.8

3.0
0.3

1.7
2.3
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nificant. The significant main effects were due to the
subjects' tendency ofmaking many errors in the singleton
distractor condition and in the 5-element trials. These
cells showed rather slow RTs in Figure 3, suggesting that
the subjects did not make a speed-accuracy tradeoff.

Discussion
These results showed a pattern similar to those found

in Experiment 1. A less salient singleton distractor cap
tured attention even when the subjects knew the target
feature value. The distraction effect was 76.4 msec for the
target-present trials, which is very close to the effect size
obtained in Experiment 1.

The distraction effect of a singleton distractor in Ex
periment 2 was statistically compared with that in Ex
periment I. The RTs for target-present trials in both ex
periments were entered into a three-way ANOVA. The type
of distractor (45° tilt used in Experiment 1 or 22S tilt in
Experiment 2) was treated as a between-subjects factor.
Distraction (no distractor or singleton distractor) and
display size were treated as within-subject factors. The
main effects of distraction and display size were signif
icant [distraction, F(1,14) = 41.24, P < .01; display size,
F(2,28) = 13.91,p < .01], whereas the main effect ofthe
type of distractor was not significant. Only the distrac
tion X display size interaction was significant [F(2,28) =
4.26, P < .05]. The other two-way interactions and the
three-way interaction were not significant. There was no
significant effect oftype ofdistractor or its interaction with
other factors, suggesting that the distraction effect was not
significantly reduced by the reduction of the saliency of
a singleton distractor.

These data were incompatible with a model that as
sumed data-driven selection within a feature dimension,
because the model predicted no distraction effect for a less
salient singleton distractor.

DISCUSSION OF EXPERIMENTS 1 AND 2

The results ofExperiments 1 and 2 revealed that knowl
edge ofthe target feature value was insufficient for over
riding stimulus-driven interference. This finding was in
consistent with the prediction ofthe feature search mode
of visual search (Bacon & Egeth, 1994). Top-down con
trol ofvisual attention for attending to a prespecified tar
get feature value was impossible. Furthermore, the re
sults of Experiment 2 indicated that a singleton distractor
that was less salient than a target captured attention. Top
down control for a known feature value could not over
ride the interference even when the singleton distractor
was less salient than the target. This result suggests that
the data-driven selection model (Theeuwes, 1991a, 1992,
1994) could not be applied for selection within a feature
dimension.

The results of these experiments are consistent with
the hypothesis that attention is captured by any singletons

that have unique feature values in a target-defining fea
ture dimension. For the selection ofa target on presenta
tion with an irrelevant within-dimensional singleton dis
tractor, prior knowledge of the target feature value or the
data-driven saliency-based control cannot be used.
Therefore, the present results suggest that all singletons
within a specific feature dimension have the potential to
capture attention.

One possible explanation for the results of Experi
ments 1 and 2 was based on the contingent involuntary
orienting hypothesis of Folk and his colleagues (Folk,
Remington, & Johnston, 1992; Folk, Remington, & Wright,
1994; see also Folk & Remington, 1998). They argued that
attentional capture can always be achieved by a variety
of feature singletons when the singleton is contingent to
the subject's attentional control settings. Singletons that
are consistent with attentional settings will capture atten
tion. They assumed that the discontinuities produced by
a feature singleton could be distinguished into static dis
continuities and dynamic discontinuities. If the subjects
adopted their attentional setting for a static discontinuity
(e.g., color), then any static discontinuity would capture
attention. According to the contingent involuntary ori
enting hypothesis, the present results can be explained
by assuming that the subjects adopted their attentional
setting for static discontinuities. Then, since attentional
setting is tuned to static discontinuities, including an ori
entation feature dimension, any discontinuity on the tar
get feature dimension could capture attention.

EXPERIMENT 3

Experiment 3 was designed to examine the effectiveness
of knowledge of a target feature for overriding stimulus
driven interference from a singleton distractor defined
by a different feature dimension. The experiment would
serve to examine the extent ofthe interference beyond the
target-defining feature dimension. This experiment was
similar to those performed by Theeuwes (1992), with
modifications to match the stimuli and the paradigm to
those used in Experiments 1 and 2. In Experiment 3, the
target was defined by an orientation dimension. A color
dimension was used as another target-defining feature.
One became a target, and the other became a distractor,
depending on the target condition.

The data-driven selection model predicts the one-way
interference. Since the color singleton is more salient
than the orientation singleton.? a color distractor would
interfere with the detection of an orientation target, and
an orientation distractor would not interfere with the de
tection ofa color target. On the other hand, ifsubjects tune
their attentional settings to broad or static feature dimen
sions, regardless of the subjects' knowledge ofthe target
defining feature dimension, a singleton distractor would
interfere with detection ofa target under both target con
ditions.
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Figure 4. Examples of stimulus displays in Experiment 3: (a) no-distractor condition and (b) singleton
distractor condition. Left panels show color-target condition; right panels show orientation-target condition.

Method
Subjects. Sixteen new volunteers (4 males and 12 females;

20-27 years of age) participated as paid subjects. The subjects were
randomly assigned to two groups: one searching for an orientation
defined target, and the other searching for a color-defined target.
All had normal or corrected-to-normal visual acuity and normal
color vision.

Apparatus and Stimuli. The apparatus was identical to that in
Experiment I. The stimuli were identical to those in Experiment I,
except for the identities ofthe display elements. There were two tar
get conditions: an orientation-target condition and a color-target
condition. The display element was a rectangle of the same size as
that used in Experiments I and 2. Under both target conditions, the
nontargets were green rectangles tilted 45° to the right from their
vertical orientation. Under the color-target condition (left panels of
Figure 4), two singleton-distractor conditions were presented.
Under the no-distractor condition (Figure 4a), the target was a red
(eIE x,y coordinates of .550/.317; 11.78 cd/m-) rectangle tilted 45°
to the right from its vertical orientation. Under the singleton
distractor condition (Figure 4b), one of the nontargets used under
the no-distractor condition was replaced by a singleton distractor.
The singleton distractor was a green rectangle tilted 45° to the left

from the vertical orientation. Under the orientation-target condition
(right panels ofFigure 4), two singleton-distractor conditions were
also presented. Under the no-distractor condition (Figure 4a), the
target was a green rectangle tilted 45° to the left from its vertical ori
entation. Under the singleton-distractor condition (Figure 4b), one
of the nontargets used under the no-distractor condition was re
placed by a singleton distractor that was a red rectangle tilted 45° to
the right from its vertical orientation. Thus, the red right-tilted rec
tangle and the green left-tilted rectangle exchanged roles as target
or singleton distractor, under the color-target and orientation-target
conditions.

The color-target condition and the orientation-target condition
were designed as between-subjects conditions. Under each search
condition, trials to test the two target conditions were each repeated
in four separate blocks. Each block was composed of 120 (3 display
sizes X 2 responses X 20 repetitions) trials presented in random
order. The order of presentation of the eight blocks was counter
balanced among the subjects. Before the presentation of the first
block of each distractor condition, the subjects received a practice
block (30 trials).

Procedure. The task was identical to that described in Experi
ment I.
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Figure 5, Mean correct RTs as a function of response and display size in Experiment 3: (a) color-target con
dition and (b) orientation-target condition.

Results
The RT outliers were discarded using the same proce

dure as that in Experiment 1. In Experiment 3, this re
sulted in the removal of 2.33% of all observations.

Color-target condition. The mean correct RTs for the
color-target condition are plotted as a function of display
size in Figure 5a. The mean RTs were subjected to a three
way ANOVA, with the main terms of singleton-distractor
condition (no distractor and singleton distractor), response,
and display size. The main effect of display size was sig
nificant [F(2,14) = 6.18, P < .05], whereas the main ef
fects of distractor and display size were not significant
(P> .05). There was a significant response X display size
interaction [F(2,14) = 8.02,p < .01]. The other two-way
interactions and the three-way interaction were not signif
icant. The result that there was no significant main effect
of the distractor condition or of the interaction of the dis
tractor condition and other factors suggests that the sin
gleton distractor had no effect on the detection ofa target.

To determine the slope ofthe RT function, the mean RTs
were subjected to linear regression analysis. For target
present and target-absent trials, the slopes under the no
distractor condition were -0.76 and - 2.01 msec/element,
and those under the singleton-distractor condition were
-0.85 and -2.41 msec/element, respectively.

The upper part ofTable 3 shows the error rates for each
condition of the color-target condition of Experiment 3.
The error rates were subjected to an arcsine transforma
tion and entered into a three-way (distractor condition X

response X display size) ANOVA. None of the main ef
fects or interactions was significant (p > .05). The error
rates remained constant under all conditions, suggesting
that the subjects did not make a speed-accuracy tradeoff.

Orientation-target condition. The mean correct RTs
for the orientation-target condition are plotted as a func
tion of display size in Figure 5b. The mean RTs were

subjected to a three-way ANOVA, with the main terms of
singleton-distractor condition, response, and display
size. None of the main effects were significant (p > .05).
There was a significant response X display size inter
action [F(2,14) = 6.63, P < .01]. The other two-way in
teractions and the three-way interaction were not signif
icant. Similarly to the case of the color-target condition,
the result that there was no significant main effect ofthe
distractor condition or of the interaction of the distractor
condition and other factors suggests that the singleton
distractor had no effect on the detection of a target.

To determine the slope of the RT function, the mean
RTs were subjected to linear regression analysis. For
target-present and target-absent trials, the slopes under the
no-distractor condition were 2.33 and 2.01 msec/element,
and those under the distractor condition were 1.75 and
2.08 msec/element, respectively.

Table 3
Error Rates (Percent) for Each Condition of Experiment 3

Display Size

5 10 15

Color-Target Condition

No distractor
Target present 1.1 1.1 1.6
Target absent 0.8 1.3 1.4

Singleton distractor
Target present 1.6 1.3 2.0
Target absent 1.1 1.1 0.6

Orientation-Target Condition

No distractor
Target present 2.5 1.5 3.8
Target absent 2.5 1.7 0.8

Singleton distractor
Target present 3.1 1.7 2.9
Target absent 2.5 2.5 1.3
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The lower part of Table 3 shows the error rates for
each condition of the orientation-target condition of Ex
periment 3. The error rates were subjected to an arcsine
transformation and entered into a three-way (distractor
condition X response X display size) ANOYA. None of
the main effects or interactions were significant (p >
.05). The error rates remained constant under all condi
tions, suggesting that the subjects did not make a speed
accuracy tradeoff.

Discussion
Under both target conditions, the patterns of the re

sults were identical. There was no significant effect of
the singleton distractor on detecting a target. The results
were consistent with the predictions based on the feature
search model. The subjects could use their knowledge of
a target feature to override a stimulus-driven interference
from an irrelevant feature dimension.

The results did not confirm the notion that attentional
control settings are limited to static versus dynamic dis
continuities, which was claimed by the contingent invol
untary orienting hypothesis. The present results revealed
that the subjects could adopt narrow attentional settings
for a particular feature dimension. The results, however,
do not imply that the subjects cannot extend their atten
tional settings for broad or several feature dimensions. In
other words, the present results do not eliminate the pos
sibility that a subject can attend to multiple feature dimen
sions when this strategy is the most adequate for solving
the task. Recently, Folk and his colleagues argued that
the setting of attentional control is flexible, depending
on the constraints of the current tasks (Folk & Annett,
1994; Folk & Remington, 1996). They admitted that the
feature search mode and the singleton detection mode
showed a flexible state of attentional settings. However,
further examinations are required to explore the limita
tions of this flexibility. The present results provided ev
idence for the limitations of the flexibility of attentional
settings, in that subjects cannot adopt attentional control
settings for a specific feature value.

The present results were inconsistent with those pre
dicted from the data-driven selection model (Theeuwes,
1991a, 1992). The distraction effect of a color-defined
singleton distractor on the detection of an orientation
defined target was expected. However, the present results
showed the effect of a singleton distractor in neither the
color-target condition nor the orientation-target condition,
suggesting that the subjects might not have used the sin
gleton detection strategy in the present experiment. The
apparent difference between the results ofTheeuwes and
those of the present experiment might be due to the dif
ference in the tasks assigned. The task used in the present
experiment could be solved by detecting a discontinuity
in the target-defining feature dimension. A singleton dis
tractor might be filtered out in the preattentive level of
processing. Furthermore, as Theeuwes (1992) suggested,

since he used a compound search task, there was a clear
separation of the perceptual process from the response
process. In other words, there is no clear separation be
tween them in the simple search task. Therefore, there
remains a possibility that the series ofresults obtained in
Experiments 1-3 is specific for a simple visual search
task, where employment ofattention is not necessary for
searching for a target. The next three experiments were in
tended to examine the within-dimensional and cross
dimensional selectivity using a compound search task.
Comparison between the results obtained using a simple
visual search task and those obtained using a compound
search task would enable a discussion on the locus of in
terference.

EXPERIMENT 4

In Experiments 4-6, a target and a singleton distrac
tor were defined by their color or orientation. A reported
feature that was independent of the target-defining fea
ture was the relative location ofa line segment intersect
ing a target. In Experiment 4, the within-dimensional in
terference effect obtained in Experiment 1 was examined
using the compound search task. Identical to Experi
ment 1, the target and the singleton distractor had equiv
alent deviation from a nontarget, but they had different
feature values. In Experiment 1, the singleton distractor
interfered with the detection of the target.

Method
Subjects. Eight new volunteers (2 males and 6 females; 21-25

years of age) participated as paid subjects. All had normal or
corrected-to-normal visual acuity and normal color vision.

Apparatus. The apparatus was identical to that ofExperiment I.
Stimuli and Procedure. The display element was composed of

a green open rectangle (15 X 6 mm; 1.5° X 0.6°) and a line that hor
izontally intersected the rectangle by 1/3 or 2/3 position from the top
of the rectangle (see Figure 6). There were three levels of display
size defined by the total number of display elements: 5, 10, and 15.
The elements were randomly scattered in cells of an imaginary 4 X
5 matrix (80 X 100 mm; 8° X 10° in visual angle).

Twotypes oftasks were used: a compound search task and a con
trol task. In the compound search task, two singleton-distractor con
ditions (no distractor and distractor) were presented. In the no
distractor condition (Figure 6a), the target was defined by orienta
tion; the target was a green rectangle tilted 45° to the left from its
vertical orientation, and the nontarget was a green vertically ori
ented rectangle. Under the singleton-distractor condition (Fig
ure 6b), one of the nontargets used under the no-distractor condi
tion was replaced by a singleton distractor. The singleton distractor
was a green rectangle tilted 45° to the right from its vertical orien
tation. Under the two singleton-distractor conditions, the target was
presented in all trials. Each trial of the two singleton-distractor con
ditions was repeated in four separate blocks. Each block was com
posed of 96 (3 display sizes X 32 repetitions) trials presented in
random order. The order of presentation of the eight blocks was
counterbalanced among the subjects. The first block of each con
dition was discarded as a practice block.

The procedure for the compound search task was identical to that
described in Experiment I, except for the subjects' task. The task
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Figure 6. Examples of stimulus displays in Experiment 4: (a) no-distractor condition and (b) singleton

distractor condition.

was to search for a prespecified target and to respond to the relative
location of the line segment (upper or lower) intersecting the target
as quickly and accurately as possible by pressing one of two keys.
The two keys were assigned to the index fingers of both hands: the
left index finger to indicate "upper," and the right to indicate "lower."

To ensure that the reported attribute (i.e., the relative location of
a line segment in an open rectangle) was not available in parallel
across a display, the visual search performance for the reported at
tribute was examined as a control task. In the control task, all dis
play elements were vertically oriented rectangles. The target was
defined by the relative location ofthe intersecting line segment; the
target had a line segment in the upper part of a rectangle, and the
nontarget had a line segment in the lower part ofa rectangle. In half
of the trials, the target was presented; in the other half, it was not.
Trials of the control task were repeated in four blocks. Each block
was composed of 96 (3 display sizes X 2 responses X 16 repeti-

tions) trials presented in random order. The first block oftrials was
discarded as a practice block. The procedure for the control task
was identical to that described in Experiment 1. The task was to
search for a prespecified target and to respond to the presence or ab
sence of the target as quickly and accurately as possible by press
ing one of two keys.

All subjects participated in the two tasks; 4 subjects started off
with four blocks ofthe control task, and the other 4 subjects started
off with eight blocks of the compound search task.

Results
Control task. The RT outliers were discarded using

the same procedure as that in Experiment 1. In the present
task, this resulted in the removal of 0.85% of all obser
vations.
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Figure 7. Mean correct RTs as a function of response and display size in Experiment 4: (a) control task and

(b) compound search task.
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Table 4
Error Rates (Percent) for Each Condition of Experiment 4

Display Size

5 10 15

Compound Search Task

No distractor 1.7 1.8 1.4
Distractor 2.3 2.3 1.7

Visual Search Task

Target present 4.0 7.9 12.3
Target absent 1.4 0.6 0.8

The mean correct RTs are plotted as a function ofdis
play size in Figure 7a. A two-way ANOYA, with the main
terms of response and display size, was performed. The
main effects of response and display size were signifi
cant [response, F(l,7) = 46.08,p < .01; display size,
F(2, 14) = 106.22,p < .01]. The response X display size
interaction was also significant [F(2,14) = 18.08,p < .01].

The slope of the RT function was determined by lin
ear regression analysis of the mean RTs. The slope for
target-present trials was 34.80 msec/element (r 2 = 1.00),
and that for target-absent trials was 58.56 msec/element
(r 2 = .99).

Table 4 shows the error rates for each condition ofthe
task. Error rates were subjected to an arcsine transforma
tion and entered into a two-way (response X display size)
ANOYA. The main effects of response and display size
were significant [response, F(I,7) = 6.86,p < .05; dis
play size, F(2,14) = 8.28,p < .01]. The response-x dis
play size interaction was significant [F(2,14) = 16.36,
P < .01]. The error rates in target-absent trials were held
constant across display sizes, whereas the error rates in
target-present trials increased as a function of the display
size. Neither tendency could be attributed to a speed
accuracy tradeoff.

Compound search task. The RT outliers were dis
carded using the same procedure as that in Experiment 1.
In the present task, this resulted in the removal of2.04%
of all observations.

The mean correct RTs are plotted as a function ofdis
play size in Figure 7b. A two-way ANOYA, with the main
terms of distractor condition and display size, was per
formed. The main effect of the distractor condition was
significant [F(l,7) = 103.41,p < .01], whereas the main
effects ofdisplay size and a two-way interaction were not
significant.

The slope of the RT function was determined by lin
ear regression analysis of the mean RTs. The slope for
the no-distractor condition was -1.92 msec/element,
and that for the distractor condition was -0.62 msecl
element.

Table 4 shows the error rates for each condition of the
task. Error rates were subjected to an arcsine transforma
tion and entered into a two-way (distractor condition X

display size) ANOYA. None of the main effects or inter
actions was significant (p > .05). The error rates re
mained constant under all conditions, suggesting that the
subjects did not make a speed-accuracy tradeoff.

Discussion
The results of the control task clearly showed that ac

quiring information concerning the relative location ofa
line segment intersecting a rectangle required focal at
tention. This ensured that the reported attribute could not
be accessed preattentively even though the target had a
unique location of the line segment among nontargets.
Therefore, focal attention was always needed to perform
the compound search task.

In Experiment 4, the results of the compound search
task replicated those obtained in Experiment 1. The dis
traction effect was 204.80 msec, averaged across the three
display sizes. Knowledge of the target feature value was
not available for overriding stimulus-driven interference
even when the target had saliency equivalent to that ofthe
singleton distractor among nontargets. This result was
considered to be due to the limitation ofattentional control
setting for a specific feature value. The present results
show that the limitation of attentional control setting is
not confined to a simple search task, such as that used in
Experiment 1.

EXPERIMENT 5

Experiment 5 was designed to examine the within
feature interference using color dimension. One group of
subjects searched for a green target among gray nontar
gets while ignoring a red singleton distractor. Another
group of subjects searched for a red target among gray
nontargets while ignoring a green singleton distractor.
The purpose ofExperiment 5 was to generalize the results
obtained from the orientation dimension in Experiment 4
to the color dimension. There is evidence that the pro
cessing oforientation requires attentional resources (Braun
& Sagi, 1990). Therefore, it would be valuable to show
that the within-feature interference effect was not con
fined to the orientation dimension.

Furthermore, the two target conditions (i.e., a green
target and a red target) served to further test the applic
ability of the data-driven selection model to the within
dimensional selection. Assuming that one of the two tar
gets is more salient than the other, this can be confirmed
by comparing RTs under the no-distractor condition.
Since the nontarget was the same in the two target con
ditions, the difference in RTs can reflect the relative sa
liency of the two targets among nontargets. If the single
ton selection mode could be applied to the selection ofan
element among others within a feature dimension, pre
sentation ofa more salient singleton would interfere with
the detection ofa less salient singleton, whereas the less
salient singleton would not interfere with the detection
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Figure 8. Mean correct RTs as a function of response and dis
play size in Experiment 5.

of the more salient singleton. Such a one-way interfer
ence effect could be regarded as being consistent with the
prediction from the data-driven selection model.
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Results
Green-target condition. The RT outliers were dis

carded using the same procedure as that in Experiment 1.
In the green-target condition, this resulted in the removal
of 1.54% of all observations.

The mean correct RTs are plotted as a function ofdis
play size in Figure 8. A two-way ANOVA, with the main
terms of distractor condition and display size, was per
formed. The main effects of distractor condition were
significant [F(l,7) = 15.89,p < .01], whereas the main
effects ofdisplay size and a two-way interaction were not
significant.

The slope of the RT function was determined by lin
ear regression analysis of the mean RTs. The slope for

Table 5
Error Rates (Percent) for Each Condition of Experiment 5

DisplaySize

Discussion
The effect size of interference was relatively small but

significant under both target conditions. The sizes of the
distraction effect averaged across three display sizes were
21.2 msec for the green-target condition and 12.3 msec
for the red-target condition. The distraction effects of the
singleton distractor in each target condition were statis
tically compared. The RTs were entered into a three-way
ANOVA. The target condition (green-target condition or
red-target condition) was treated as a between-subjects
factor. Distraction (no distractor or singleton distractor)
and display size were treated as within-subject factors.
The main effects of target condition and distraction were
significant [target condition, F(l,14) = 8.14,p < .05;

the no-distractor condition was 0.82 msec/element, and
that for the distractor condition was 0.96 msec/element.

Table 5 shows the error rates for each condition of Ex
periment 5. The error rates were subjected to an arcsine
transformation and entered into a two-way (distractor
condition X display size) ANOVA. None of the main ef
fects or interactions was significant (p > .05). The error
rates remained constant under all conditions, suggesting
that the subjects did not make a speed-accuracy tradeoff.

Red-target condition. The RT outliers were dis
carded using the same procedure as that in Experiment 1.
In the red-target condition, this resulted in the removal of
1.74% of all observations.

The mean correct RTs are plotted as a function ofdis
play size in Figure 8. A two-way ANOVA, with the main
terms of distractor condition and display size, was per
formed. The main effects of distractor condition were
significant [F(l,7) = 9.01, P < .05], whereas the main
effects ofdisplay size and a two-way interaction were not
significant.

The slope of the RT function was determined by linear
regression analysis of the mean RTs. The slope for the
no-distractor condition was 1.06 msec/element, and that
for the distractor condition was -0.17 msec/element.

Table 5 shows the error rates for each condition ofEx
periment 5. Error rates were subjected to an arcsine trans
formation and entered into a two-way (distractor condi
tion X display size) ANOVA. None of the main effects
or interactions were significant (p > .05). The error rates
remained constant under all conditions, suggesting that
the subjects did not make a speed-accuracy tradeoff.

Green-Target Condition
No distractor 2.4 3.0 2.0
Distractor 1.9 3.3 2.1

Red-TargetCondition
No distractor 2.3 2.4 1.9
Distractor 2.3 3.0 2.3

5 10 15

10 15
Display size

5
400

Method
Subjects. Sixteen new volunteers (8 males and 8 females; 19-25

years of age) participated as paid subjects. The subjects were ran
domly assigned to two groups: one searching for a green target and
the other searching for a red target. All had normal or corrected-to
normal visual acuity and normal color vision.

Apparatus and Stimuli. The apparatus and the stimuli were
identical to those in Experiment 4, except for the display elements.
All elements were vertically oriented open rectangles that differed
in color. The nontarget was a gray rectangle (10.53 cd/m-). In the
green-target condition, the target was green and the singleton dis
tractor was red. In the red-target condition, the target was red and
the singleton distractor was green.

Procedure. The task was identical to that described in the com
pound search task in Experiment 4, except for the number of blocks.
Trials to test the two conditions (distractor and no distractor) were
each repeated in five separate blocks. The order of presentation of
the 10 blocks was counterbalanced among the subjects. The first
block of each condition was discarded as a practice block.
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Figure 9. Mean correct RTs as a function of response and dis

play size in Experiment 6.

distraction, F(I,14) = 24.89,p < .01], whereas the main
effect of display size was not significant. Only the dis
traction X display size interaction was significant
[F(2,28) = 3.926, p < .05]. The other two-way interac
tions and the three-way interaction were not significant.
The factor of the target condition did not significantly
interact with that of the distraction, suggesting that the
size of the distraction effect was not significantly differ
ent in the two target conditions.

Under both target conditions, a singleton distractor
defined by a target-defining feature interfered with the
detection of a target. Under no-distractor conditions,
RTs in the green-target condition were faster than those
in the red-target condition. Since there were no biases in
assigning subjects into two target conditions, it seems
reasonable to conclude that the green target was more
salient than the red target among gray nontargets in the
stimulus display used in Experiment 5. Ifthe data-driven
selection model could be applied for the selection of a
target within a color dimension, presentation of a green
singleton distractor would interfere with the detection of
a red target, whereas that of a red singleton distractor
would not interfere with the detection of a green target.
However, the present results were not consistent with
such a prediction from the data-driven selection model.

The pattern of results obtained in Experiment 5 was
consistent with that found in Experiment 2. A less salient
singleton distractor can interfere with the detection of a
more salient singleton target. These results show that the
within-feature dimensional interference effect that oc
curred using the orientation dimension could also occur
using the color dimension. These experiments showed
that a two-way interaction was obtained under within
dimensional selection irrespective of their stimulus di-

mensions (orientation or color) and their tasks (simple
search or compound search).

EXPERIMENT 6

In Experiment 6, cross-dimensional interference ef
fects were examined using a compound search task. In
Experiment 3, no cross-dimensional interference effect
was found using a simple search task. This result was in
consistent with results of previous studies that showed
one-way cross-dimensional interference (e.g., Theeuwes,
1991a). The most crucial difference between Experi
ment 3 and other experiments that reported cross
dimensional interference was in the tasks used. The goal
of Experiment 6 was to replicate the cross-dimensional
interference effect using a compound search task with
stimulus conditions comparable to that in Experiment 3.

Method
Subjects. Eight new volunteers (3 males and 5 females; 21-26

years of age) participated as paid subjects. All had normal or
corrected-to-normal visual acuity and normal color vision.

Apparatus and Stimuli. The apparatus and stimuli were iden
tical to those ofExperiment 4, except for the display elements. The
design of the display elements emulated those in Experiment 3.
Similar to Experiment 3, there were two target conditions: a color
target condition and an orientation-target condition. Under both tar
get conditions, the nontargets were green rectangles tilted 45° to the
right from their vertical orientation. Under the color-target condition,
two singleton-distractor conditions were presented. Under the no
distractor condition, the target was a red rectangle tilted 45° to the
right from its vertical orientation. Under the singleton-distractor
condition, a green rectangle tilted 45° to the left from its vertical ori
entation was presented as a singleton distractor. Under the orientation
target condition, two singleton-distractor conditions were presented.
Under the no-distractor condition, the target was a green rectangle
tilted 45° to the left from its vertical orientation. Under the singleton
distractor condition, a singleton distractor that was a red rectangle
tilted 45° to the right from its vertical orientation was presented.

Procedure. The task was identical to that described for the com
pound search task in Experiment 4, except for the number of blocks.
All conditions were performed in a within-subjects design. For each
target condition (color or orientation), trials to test the two condi
tions (distractor and no distractor) were each repeated in four sep
arate blocks. The order of presentation of the eight blocks was
counterbalanced among the subjects. The first block of each con
dition was discarded as a practice block. All subjects participated
in the two target conditions; 4 subjects started off with eight blocks
of the color-target condition, and the other 4 subjects started off
with eight blocks of the orientation-target condition.

Results
The RT outliers were discarded using the same proce

dure as that in Experiment 1. In Experiment 6, this re
sulted in the removal of 2.03% of all observations.

The mean correct RTs are plotted as a function of dis
play size in Figure 9. A three-way ANaYA, with the
main terms of target condition, distractor condition, and
display size, was performed. The main effects of target
condition, distractor condition, and display size were
significant [target condition, F(1,7) = 14.20, P < .01;
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Table 7
Summary of Experimental Conditions and

the Patterns oflnterference in Experiments 1--6

irrespective of the knowledge of the target-defining fea
ture dimen.sion. This .is consistent with results showing
the data-dnven selection model in cross-dimensional se
lection (Theeuwes, 1991a, 1992).

The present results were different from those in Ex
periment 3. Experiment 3 showed complete cross
dim.e~sionalselecti~itybased on knowledge ofthe target
defmmg feature dimension when a simple search task
was used. A similar interaction between the interference
effect ofan irrelevant distractor and the task required was
reported by .Kahne~an, Treisman, and Burkell (1983).
In one of their expenments, a target was defined by color
and shape: The target was a white word, and each non
target was a colored nonsense shape. Two different tasks
were used. In an identification task, subjects read the tar
get word aloud. In a detection task, subjects simply re
sponded to the presence of the target. Kahneman et al.
f~und that RT increased as a function ofnon targets in the
display under the identification task. However, RTs were
independent of the number ofnontargets in the detection
task. They concluded that the irrelevant objects disrupts
the deployment ofattention in the limited-capacity stage
when speeded identification is required. On the other
hand, when detection of the target is required, the irrel
evant objects do not interfere with processing ofthe target,
bec~use.the response can be made on the basis of pro
cessll~g m the preattentive stage, without deployment of
attentlO.n. Kahneman et al. referred to this disruptive ef
~ect of Irrelevant objects occurred in the limited-capac
tty stage as filtering cost.

The differences in results obtained in Experiments 3
and 6 could be explained by the occurrence of the filter
ing ~ost. In the compound search task, deployment of at
te~tIon to the target is required to extract the reported at
tnbute from the target. Then the interference effect of the
irrelevant and salient singleton distractor is inevitable.
In other words, this result suggests that, when attention
needs to be directed to the location of the target in order
to respond, attention is guided solely by the salience of
the elements in the display. This notion is consistent with
the dat~-driven selection model. Therefore, it is possible
to consider that the filtering cost occurs because feature
level ~epresentation cannot be accessed in deployment of
attention, On the other hand, in the case ofa simple search
task, when it is not necessary to direct attention to the lo
cation of the target, there is no interference from the ir
relevant singleton distractor. Preattentive rejection of the

Cross-dimension

Table 6
Error Rates (Percent) for Each Condition of Experiment 6

Display Size

5 10 15

Color-Target Condition

No distractor 2.3 3.8 2.6
Distractor 3.1 2.9 3.3

Orientation-Target Condition

No distractor J.2 2.9 2.9
Distractor J.4 2.1 J.O

distractor condition, F( 1,7) = 6.68, p < .05; display size,
F(2,14) = 5.8l,p < .05]. Both two-way interactions were
significant [target condition X distractor condition
r:(2,14) = 9.75, p < .01; distractor condition X displa;
SlZe,.F(2,14) = 3.84, p < .05]. Furthermore, the three
way mteraction was significant [F(2,14)= 9.70,p < .05].
The target condition X display size interaction was not
significant. A simple interaction analysis was performed
t~ reveal the effect of the distractor condition. The simple
d~s~ractor condition. X di~play size interaction was sig
nificant under the orientation-target condition [F(2,28)=

19.05,p < .01], but not under the color-target condition.
A simple simple effect of the distractor condition was
found in 10-element trials and IS-element trials of the
orientation-target condition [F(l,42) = 24.07,p < .01, and
F(l,42) = 5.89,p < .05, respectively]. This result showed
that t?e effect of a singleton distractor was significant
only m 10- and IS-element trials under the orientation
target condition.

The slope of the RT function was determined by linear
regression analysis of the mean RTs. For the no-distractor
condition and the distractor condition, the slopes under
the color-target condition were 0.36 and -1.64 msec/
element, and those under the orientation-target condition
were 1.27 and 2.84 msec/element, respectively.

Table 6 shows the error rates for each condition ofEx
periment 6. Error rates were subjected to an arcsine
tr.a~sforma~ionand entered into a three-way (target con
dition X distractor condition X display size) ANOVA.
None of the main effects or interactions were significant
(p > .05). The error rates remained constant under all
conditions, suggesting that the subjects did not make a
speed-accuracy tradeoff.

Discussion
.The color singleton distractor interfered significantly

With target detection in the orientation-target condition,
although there was no significant effect of the distrac
tion i~ 5-element trials. However, the orientation single
ton distractor did not interfere with the detection of the
color.target .in any display-size condition. The pattern of
the distraction effect of the singleton distractor repli
cated the results of Theeuwes (199Ia, 1992), which were
obtained using color and form feature dimensions. These
results suggest that the more salient element is selected

Definition ofa Task
Target and a Distractor Simple Search

Within-dimension Two-way
(Experiments I and 2)

No
(Experiment 3)

Compound Search

Two-way
(Experiments 4 and 5)

One-way
(Experiment 6)
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irrelevant singleton distractor was observed when no
shift of attention toward the target-defining attribute was
required.

GENERAL DISCUSSION

Six experiments examined the limitations of knowl
edge of the target for overriding interference from an ir
relevant feature singleton distractor. Two types of tasks,
a simple search task (Experiments 1-3) and a compound
search task (Experiments 4-6), were used. Two different
definitions for a target and a singleton distractor were
also used: In Experiments 1, 2, 4, and 5, a target and a
singleton distractor were defined in the same feature di
mension; in Experiments 3 and 6, they were defined in
cross-dimensions. Table 7 summarizes the results of Ex
periments 1-6 with respect to the pattern of interference
from a singleton distractor as a function ofthe definition
of the distractor and the task.

In within-dimension conditions, interference from a
singleton distractor occurred in both single and compound
search tasks, even when the singleton distractor was less
salient than a target. On the other hand, in cross-dimension
conditions, the singleton distractor interfered with the
search for a target, only when the singleton distractor was
more salient than the target, and the compound search
task was used. When a simple search task was used, a sin
gleton distractor did not interfere with the search for a
target, irrespective of the relative saliency of the distrac
tor to the target. Duncan (1985) suggested that the two
types of tasks used in this study required different pro
cesses for a response: For the compound search tasks, the
target-defining feature is analyzed in a first stage, which
has little or no capacity limitation, whereas the reported
attribute is analyzed in a second stage, which has sub
stantial capacity limitation. For the simple search tasks,
responses are based only on the processing of the first
stage. In the cross-dimension conditions, the pattern of
results varied between the two tasks; the interference of
a singleton distractor especially occurred only in the
compound search task, suggesting that the interference
depended on the involvement of the second stage ofpro
cessing. Incontrast, in the within-dimension conditions,
the type oftask had no effect, suggesting that involvement
of the second stage is not crucial for the interference.

With respect to cross-dimension conditions, Experi
ment 6 (in which the compound search task was used)
replicates the results of previous studies (Theeuwes,
1991a, 1992). A salient singleton distractor interfered
with the search for a target, whereas a less salient single
ton distractor than a target did not interfere with the
search for the target. The results are consistent with the
data-driven selection model, in which a saliency between
feature dimensions was used for the selection. However,
when a simple search task was used, the interference ef
fect was eliminated. This difference in the pattern of in
terference from an irrelevant distractor, between the sim
ple reaction task and the choice reaction task, was known

as the filtering cost (Kahneman et aI., 1983). The failure
of selection ofa target with presentation of an irrelevant
distractor in the choice reaction task was explained by the
competitive effect of attentional employment between
object files, which is episodic and temporary represen
tations and is addressable by spatiotemporal coordinates
and by physical attributes. However, this explanation is
insufficient for interpreting the one-way interaction ob
tained in this study and previous studies in compound
search tasks. To explain these results, some form of
saliency should be computed between several feature di
mensions or between objects files, and the relative
saliency should be used for prioritizing in allocation of
spatial attention (Koch & Ullman, 1985; Muller et aI.,
1995; Theeuwes, 1991a, 1992).

In Experiment 3, when a simple search task was used
in cross-dimension conditions, knowledge of a target
feature dimension was useful in overriding the interfer
ence from a singleton distractor defined in a different
feature dimension. This result is consistent with the pre
diction from the complete top-down selection model,
whereas it is inconsistent with the data-driven selection
model, although the results obtained in the compound
search task are consistent with the latter model. The re
sults of the cross-dimensional simple search task are also
compatible with those in some models using simple search
tasks, which suggest that the feature-processing stage
can be modulated by top-down control. For example, in
a revised version of the feature integration theory (FIT)
of attention (Treisman & Sato, 1990), a mechanism of
top-down control is assumed, which serves to inhibit the
excitation ofparticular feature maps that possess nontar
get feature values. In their Guided Search model, Wolfe
and his colleagues (Cave & Wolfe, 1989; Wolfe, 1994)
also assumed a mechanism of top-down control, which
serves to excite a particular feature value on a feature map,
resulting in the saliency on the activation map. Recently,
Muller and his colleagues (Found & Muller, 1996; Muller
et aI., 1995) proposed a dimension-weighting mecha
nism that serves to weight a specific feature dimension
when a target feature is known. The total activation of
each of the stimulus elements was computed in terms of
the weighted sum of individual dimension-specific
saliency maps. When the target feature is known, the fea
ture dimension is assigned a large weight. With respect
to the extent of top-down control, the present results are
compatible with the dimension-weighting mechanism.

When attention employment to the target is not re
quired, the top-down dimension weighting mechanism
can be used for a search for the target. In other words,
when the task is to decide the presence ofa singleton tar
get on a target-defining feature dimension (i.e., simple
search task), a singleton distractor in another dimension
can be ignored irrespective of the relative saliency of the
target and the singleton distractor. On the other hand,
when the subject must discriminate a target (i.e., com
pound search task), spatial attention must be employed
for the location of the target. Then the top-down knowl-
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edge to the target-defining feature dimension is not
available for the search of the target. Instead, the relative
saliency between a target and a singleton distractor must
be used. This pattern of results is consistent with the
view that there are two main visual pathways; the occip
itoparietal "where" pathway and the occipitotemporal
"what" pathway (Ungerleider & Mishkin, 1982). The
dimension-weighting is assumed to be mediated by the
weighted-dimension-related cortical areas (Found &
Muller, 1996). Color or orientation is considered to be
processed mainly in some areas in the occipitotemporal
pathway. On the other hand, parietal area is thought to
playa role in the control of spatial attention (LaBerge,
1990).The results ofExperiment 6 indicate that saliency
based control of spatial attention carried out in the pari
etal pathway is independent of the dimension-weighting
computation concurrently running in the temporal path
way. Togetherwith the results of Bacon and Egeth (1994),
perhaps, the weighted dimensional signal can be used as
the source of control of spatial attention only if the fea
ture search mode is voluntarily selected by subjects. In a
simple search task, since the deployment of spatial atten
tion is not necessary for the search for a target, the detec
tion of the target could be performed on the basis of the
weighted dimensional signal in the temporal pathway.

The results of the experiments under cross-dimension
conditions should be considered in terms of the limita
tions of top-down penetration to feature processing stage
in controlling a spatial attention. According to the
dimension-weighting account of Muller et al. (1995),
saliency is computed in an individual dimension-spe
cific saliency map, and the saliency map of an attended
feature dimension is strongly weighted. Since the output
of the dimension-specific saliency map is summed in the
master map, saliency of stimulus-driven activation af
fects the detection of the target. This account does not
agree with the present results obtained under the com
pound search task or the results consistent with the data
driven selection model. Muller et al. also pointed out
these conflicts between their dimension-weighting ac
counts and the previous data and presented no solutions
for the conflict. This study may provide a solution for the
conflict; dimension-weighting output of the master map
cannot be the source of the control of spatial attention.
Although Muller et al. did not directly examine the effect
of knowledge of the target-defining feature dimension in
controlling the spatial attention, on the basis of the pre
sent results, it is predicted that dimensionally weighted
saliency of a target is not effective when a compound
search task rather than a visual search task is used. This
prediction remains to be tested.

When a target and a singleton distractor were defined
in the same feature dimension, both simple and com
pound search tasks showed the same pattern of results.
The interference from a singleton distractor defined by
the same feature as a target was inevitable when the
saliency of the singleton distractor was equivalent to that
of the target with respect to the target-defining feature

(Experiments I and 4) and even when a singleton dis
tractor was less salient than a target (Experiments 2 and
5). These results could be interpreted as indicating that
knowledge ofa target feature value was not available for
overriding the interference from a singleton distractor
that was unique with respect to the target-defining fea
ture. These results are inconsistent with both the data
driven selection model and the complete top-down se
lection model. Therefore, a new explanation is needed
for these results.

Folk et al. (1992) in their Experiment 4 showed simi
lar evidence of the limitations of top-down penetrability
to a known feature value using a precue paradigm in
stead of visual search tasks. When a precue was defined
by a color (green), the processing of a subsequently pre
sented target defined by a different color (red) was dis
rupted by the precue. The disruption effect was similar
to the result ofthe experiment in which a precue and a tar
get were defined by the same feature value (i.e., red-red).
This result is interpreted as converging evidence that
subjects cannot attend to a particular feature value. How
ever, recently, Folk and Remington (1998) found that the
disruption effect of attentional capture could be distin
guished in two forms: First, when the singleton distractor
was defined by the same feature value as the target, sub
stantial cost in terms of RT was obtained in the invalid
distractor-Iocation condition; second, the presentation of
a feature singleton possessed of a different feature value
from that of the target with respect to the target-defining
feature showed an RT cost comparable to the condition
in which no distractor was presented. Folk and Reming
ton argued that the latter form of disruption is not atten
tional capture but the "filtering cost," because the effect
size of the cost is consistent as a function of the spatial
location of the target and the distractor (i.e., valid or in
valid conditions). Interestingly, this nonspatial disrup
tion effect seems to be compatible with the within-di
mensional interference effect obtained in this study
because the two-way interference between a red and a
green singleton was obtained in both studies. In other
words, the results of both studies showed that interfer
ence occurred irrespective of the relative saliency of the
target and the singleton distractor. However, as Folk and
Remington (1998) suggested, further examination is
needed for clarifying the mechanism ofthese similar phe
nomena obtained in twodifferent experimentalparadigms.

Although top-down control on feature processing
stages was assumed in several models of visual search,
the extent of top-down control on feature level represen
tation has not been clarified. A revised FIT (Treisman &
Sato, 1990) and the Guided Search model (Cave & Wolfe,
1990; Wolfe, 1994) have difficulty in explaining the pre
sent results that showed the inability to exclude the in
terference from particular feature values, because these
models assume top-down control on a specific feature
value. Furthermore, the present results are consistent
with the dimension-weighting mechanism (Found &
Muller, 1996; Muller et aI., 1995) with respect to the ex-
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tent of top-down control. In light of the present results,
the scope ofdimension weighting is considered to be im
possible to tune to a specific feature value, even when a
singleton distractor is concurrently presented in a display.

Under the within-dimension conditions, another im
portant issue is that there was no difference in the pattern
of results from the two search tasks. Two hypothetical
mechanisms may be suggested for the processing of
within-dimensional target searching. First, there seems
to be no doubt that spatial attention is employed in the lo
cation of a target in the compound search task. There
fore, the fact that a pattern ofresults similar to that in the
compound search task was obtained in the simple search
task suggests that attentional processes are involved in
simple within-dimension search. Second, the informa
tion as to the within-dimensional saliency between a tar
get and a singleton distractor is not used for the employ
ment of the attention. Therefore, the results from the
within-dimension condition suggest that there is another
source ofattentional control, which bypasses the saliency
map. I argue that the computation ofthe saliency and the
guidance of spatial attention were mediated by the oc
cipitoparietal pathway. However, the present results in
dicate that there are several direct or indirect forms of
occipitoparietal connections for controlling the spatial
attention. In summary, the present study established a
rule for within-dimensional selectivity that gives rise to
limitations of top-down control on feature processes for
overriding stimulus-driven interference. These limitations
may reflect the impenetrability between processing mod
ules belonging to two pathways, the occipitoparietal and
occipitotemporal visual pathways.
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NOTES

I. A control experiment involving 8 subjects showed that search for
a 45° tilted rectangle among vertical rectangles was significantly faster
(19.3 msec faster averaged across three display sizes) than that for a
22.5° tilted rectangle in target-present trials. These results suggest that
the 45° tilted rectangle was more salient than the 22.5° rectangle (see,
e.g., Theeuwes, 1991a, 1992).

2. A control experiment involving 8 subjects was performed using
the two target conditions without the presentation of a singleton dis
tractor. The results showed that search for a color target was 124.5 msec
faster (averaged across three display sizes) than that for an orientation
target in target-present trials. These results suggest that the color target
was more salient than the orientation target (see, e.g., Theeuwes, 1991a,
1992).
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