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Two-stage models of visual processing (e.g., Broad-
bent, 1958) consider visual stimuli to be processed in two
successive stages. In the first stage, referred to as the pre-
attentive stage, visual stimuli are processed in parallel
across the visual field. This first stage is considered to be
specialized for analyzing visual features. In the second
stage of processing, referred to as the limited-capacity
stage, visual information from the first stage is selected
and further analyzed.A question concerning the two-stage
model of visual processing has been asked repeatedly:
What kind of information or knowledge is used to prior-
itize processing in the limited-capacity stage?

Recently, prior knowledge of which feature dimension
defines the target has been shown to facilitate processing
in visual search tasks (Found & Müller, 1996; Müller,
Heller, & Ziegler, 1995; Treisman, 1988). These studies
suggested that such top-down information of the target-
defining features modulates activity in the first, feature-
processing stage. Recent models of visual search have
also assumed that feature-based top-down influences on
feature processing modulate summed activation on the

master map (Treisman & Sato, 1990; Wolfe 1994), but the
precise mechanisms are not well understood.Furthermore,
there are conflicting results in which knowledge of the
target feature dimension was ineffective for selecting a
target (Kumada, 1999; Theeuwes, 1991, 1992).

Cross-Dimensional Interference
Theeuwes (1991, 1992) showed that attending to the

target-defining feature dimension is not always effective.
In his experiments, participants searched for a target de-
fined by one feature dimension while trying to ignore a
singletondistractor defined by another feature dimension
irrelevant to the target. Theeuwes found an asymmetric
pattern of interference, referred to as cross-dimensional
interference. For example, when the target was defined
by shape, a color-defined singleton distractor interfered
with the search, but a shape-defined singleton distractor
did not interfere with the search for a color-defined tar-
get. Theeuwes concluded that participants’ attention to a
feature dimension could not override stimulus-driven in-
terference from the singleton distractor, even when they
knew in advance the feature dimension of the target, and
that selection of the target was based on the relative sa-
liency of the singleton.

The task used by Theeuwes (1991, 1992)was not a sim-
ple search task, as is typically used in visual search stud-
ies, but a compound search task. This distinctionwas first
made by Duncan (1985), who demonstrated that the
compound search task involved processes different from
the simple search task. In simple search tasks, participants
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In three experiments, I examined whether prior knowledge of a target feature dimension is useful
for guiding spatial attention to the target in a variety of tasks: visual search (Experiments 1A and 1B),
texture segregation (Experiment 2), and visual enumeration (Experiment 3). Experiment 1A used a
simple search task and found that reaction times for blocks in which a target was defined within a sin-
gle feature dimension were shorter than those for blocks in which a target was defined across dimen-
sions (within-dimension facilitation; WDF). Intertrial facilitation (ITF; Müller, Heller, & Ziegler, 1995),
a dimension-based priming effect from one trial to the immediately following one, was also observed.
Both WDF and ITF disappeared when the same stimuli were used under a compound search task (Ex-
periment 1B), in which participants responded to an attribute of the target in a feature dimension dif-
ferent from its defining dimensions. Experiments 2 and 3 showed that WDF and ITF are not necessarily
contingent upon each other: In a texture discrimination task, only WDF was found; in an enumeration
task for six or seven targets, only ITF was found. These results show that the two forms of dimension
weighting, WDF and ITF, are mediated by different mechanisms. WDF was eliminated when focal at-
tention to targetswas required, suggesting that feature-basedmodulation is limitedas a source for con-
trolling spatial attention (Kumada, 1999). ITF was correlated with type of response, suggesting
dimension-specific response mechanisms (Cohen & Shoup, 1997).
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search for a prespecified target in a visual array and re-
spond to its presence or absence. In compound search
tasks, the feature that defines the target is different from
the feature to be reported. The task is to search for a tar-
get that is specified by one feature dimension and to re-
spond to another feature of the target (the to-be reported
attribute) when it is found. Duncan argued that the target-
defining attribute is analyzed in the preattentive stage
and that, in simple search tasks, participants respond on
the basis of the output of this stage. On the other hand,
in compound search tasks, the to-be-reported attribute is
analyzed in the limited-capacity stage by focusing atten-
tion on the target after locating it, so a response requires
analysis in this second stage. Results obtained in com-
pound search tasks have been difficult to apply to mod-
els of simple visual search, since different processes are
involved in each task.

To create a theoretical linkage between compound
search studies and typical visual search studies, Kumada
(1999) compared cross-dimensional interference in simple
search tasks and compound search tasks, using similar
stimulus displays and target conditions. In compound
search tasks with targets defined by color or orientation
and singletondistractors, asymmetrical cross-dimensional
interference was found. However, in simple search tasks,
in which the participant’s task was to respond only to the
presence or absence of a target, there was no significant
effect of a singleton distractor, in either color or orienta-
tion target conditions.The cross-dimensional interference
effect from a salient irrelevant singleton distractor was
eliminated under a simple search task, in which partici-
pants were able to use prior knowledgeof the target feature
dimension to override stimulus-driven cross-dimensional
interference. The different pattern of results between the
simple and the compound search tasks shows that the ef-
fectiveness of prior knowledge of the target-defining fea-
ture dimension depends on the task.

The task-dependent cross-dimensional interference
shown by Kumada (1999) can also be explained by as-
suming that the different tasks draw upon different pro-
cessing stages. Knowledge of the target-defining feature
dimension was effective when responses were elicited in
the preattentive stage, without involving the limited-
capacity stage, but the knowledge was not useful when
both the preattentive and the limited-capacitystages were
engaged in processing. These results lead to the hypoth-
esis that knowledge of a target-defining feature dimension
is useful for the detection of a target that can be processed
mainly in the preattentive stage but the same knowledge
does not affect processing in the limited-capacitysystem.
The purpose of the present study is to test this hypothe-
sis by using another effect, which I refer to as within-
dimension facilitation (WDF).

Within-Dimension Facilitation
Several studies have reported that prior knowledge of

the target-defining feature dimension facilitated detec-

tion of the target (Found & Müller, 1996; Müller et al.,
1995; Treisman, 1988). Treisman presented a feature
search task in which targets were defined by color, ori-
entation, or size. Each experimental block consisted of
stimuli in one of three conditions. In the target-known
condition, both the feature dimension and the particular
feature value that defined the targets were fixed within a
block of trials (e.g., a blue bar). Reaction times (RTs) in
this conditionwere almost the same as those in the within-
dimension condition, in which targets were defined by
varying feature values within a single dimension (e.g., a
blue, red, or white bar among green bars). In the cross-
dimension condition, however, in which targets were de-
fined by any one of three feature dimensions (color, ori-
entation, or size), there was a significant increase in RTs
(90 msec), relative to the within-dimension condition.

This facilitationof the within-dimensioncondition rel-
ative to the cross-dimension condition is the effect that I
refer to as WDF. Recently, Müller and colleagues (Found
& Müller, 1996; Müller et al., 1995) also found this ef-
fect, attributing it to knowledgeof the target-defining fea-
ture dimensions.They referred to the mechanism that pro-
duces feature-based WDF in feature search tasks as the
dimension-weighting mechanism. Their explanatory
framework agrees with the Guided Search model (Wolfe,
1994), but Found and Müller claimed that greater weight
is assigned to known feature dimensions, relative to other
dimensions. The amplified dimensional signal from this
dimension-weighting mechanism produces strong acti-
vation of target locations on the master map, generating
rapid responses. Found and Müller also showed that the
weighting on a feature dimension persists across con-
secutive trials; RTs are faster to a target that is defined by
the same dimension as that in the immediately preceding
trial, rather than by a different dimension. This effect is
called intertrial facilitation (ITF).

Rationale for This Study
Although these previous studies have documented a

WDF effect, all these studies used simple search tasks.
The hypothesis presented in this study is that knowledge
of a target feature dimension can be useful for detecting
the target in the preattentive stage but cannot be the basis
for guiding spatial attention to the target in the limited-
capacity stage. The results of dimension-weighting stud-
ies have supported part of this hypothesis:Feature knowl-
edge was found to be advantageousin simple search tasks,
which are thought to involve only the preattentive stage.
My hypothesis further predicts that WDF will be elimi-
nated under compound search tasks, which require pro-
cessing in the limited-capacity stage also.

Most recently, Cohen and Magen (1999) reported that
within-dimension facilitation was eliminated under one
type of compound search task.1 In their Experiment 1,
there were three types of tasks: orientation, color, and
cross-dimension. In the orientation task, a target was de-
fined by a difference along the orientationdimension, and
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participants responded to the orientation of the target
(left-tilted or right-tilted) by pressing one of two keys. In
the color task, participants discriminated between targets
of two different colors. In the cross-dimension task, par-
ticipants were required to make one response when the
target was green and another when it was right-tilted.Co-
hen and Magen found no advantage in RTs in the within-
dimension condition, relative to the cross-dimension
condition. These results seem to be consistent with my
prediction that WDF will not be found in a compound
search task. However, Cohen and Magen explained the
results with a different theory, proposed by Cohen and
Shoup (1997), that assumed individual selection mecha-
nisms for each feature module. Cohen and Magen argued
that it was manipulation of the stimulus-to-response
mapping that had the strong effect of eliminating WDF,
so facilitation should be attributed to response selection
processes.

One procedural aspect of Cohen and Magen’s (1999)
study prevents me from applying their results directly to
my hypothesis. In their study, to-be-reported attributes
were not the same in the two within-dimensionconditions
and the cross-dimensioncondition.In the within-dimension
conditions, the feature value of the target had to be de-
termined in order to make responses, but in the cross-
dimension condition,participants could respond by sim-
ply noting the target-defining feature dimension—that
is, by checking for the presence of a feature singleton on
feature maps—without accessing the target feature value.
It thus seems possible that limited-capacitystage processes
were involved in the within-dimension conditions, but
not in the cross-dimension condition. Therefore, my hy-
pothesis cannot be evaluated in terms of these results. In
Experiment 1, I looked at WDF, using a compound search
task in which the to-be-reported attributes were the same
in both the within- and the cross-dimension conditions.

EXPERIMENT 1A
Simple Search Task

Experiment 1 was designed to test whether target knowl-
edge is equally effective in a simple search task (Exper-
iment 1A) and a compound search task (Experiment 1B).
Experiment 1A replicated experiments reported in Treis-
man (1988) and Müller et al. (1995, Experiment 1), with
participants being asked to detect oddball targets defined
by color, orientation, or size. Since both studies had re-
ported WDF in a simple search task, a similar pattern of
facilitation was expected here. In Experiment 1B, the
same displays as those in Experiment 1A were presented
under a compound search task, with participants respond-
ing to a secondary attribute of the target in both within-
and cross-dimension conditions.My hypothesispredicted
the elimination of WDF in this compound search task.

Method
Participants . Eight undergraduate students (5 males and 3 fe-

males; 20–23 years of age) participated in the experiment as paid

volunteers. 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 computer (Apple Power Macintosh 8500) and presented
on a 16-in. color CRT display (Sony high-resolution color display).

Figure 1 shows a sample display. The stimulus elements were ei-
ther small (12 3 4 mm) or large (18 3 6 mm) rectangles. Each stim-
ulus element contained a left-pointing or a right-pointing L-shape,
each leg 1.5 mm long. Ten elements were randomly scattered in
cells of an imaginary 4 3 5 matrix (80 3 100 mm; 8º 3 10º in vi-
sual angle). In target-absent trials, 10 nontargets of small gray ver-
tical rectangles were presented. In target-present trials, 1 of the

Figure 1. Examples of stimulus displays in Experiment 1: (A)
orientation target, (B) color target, and (C) size target conditions.
All the stimuli were presented gray on a black background, ex-
cept for color targets, which were drawn in green.

(A)

(B)

(C)
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10 nontargets was replaced by a target. There were three types of tar-
get def inition: control, within-dimension, and cross-dimension. In
the control condition, a target was a small gray left-oriented rectan-
gle (rotated 45º counterclockwise from the vertical). In the within-
dimension condition, a target was a small gray rectangle that was
horizontal, left-oriented, or right-oriented. In the cross-dimension
condition, a target was a small gray left-oriented rectangle, a small
green vertical one, or a large gray vertical one.

The participants received two blocks of control, four blocks of
within-dimension and four blocks of cross-dimension conditions.
Each block consisted of 96 trials presented in random order. In half of
the trials in each block, a target was presented, and in the other half
of the trials, a target was absent. In the within- and cross-dimension
conditions, 16 trials each of the three types of targets were presented
as target-present trials. The order of presentation of the blocks was
counterbalanced across participants. Before the first block of each
condition, the participants received a practice block of 30 trials.

Procedure. The participants were seated 57 cm from the CRT
display, with their heads 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 1,000 msec. After
200 msec of a blank display, a stimulus display was presented and
remained until the participant responded, followed by an intertrial
interval of 500 msec. The time from onset of the presentation of the
stimulus display to initiation of a response was measured as the RT
in each trial. The participant’s task was to search for an oddball tar-
get and to report the presence or absence of the target as quickly and
accurately as possible by pressing one of two keys, one key with
their right index finger if a target was present or another key with
their left index finger if no target could be found.

Results
RT and error analyses. In this and all the subsequent

experiments reported in this article, RT outliers were re-
moved from the data set prior to analysis. Outliers were
defined by the modified recursive outlier eliminationpro-
cedure (Van Selst & Jolicœur, 1994). In Experiment 1A,
this resulted in the removal of 3.5% of all the the obser-
vations. For each target-definition condition, only trials
with left-oriented targets and with target absent were
analyzed.

Mean correct RTs are shown in Table 1. A two-way
analysis of variance (ANOVA) was performed, and the
main effects of both target definition condition (control/
within/cross) and response (target present/absent) were
significant [F(2,14) 5 53.72, p < .0001, and F(1,7) 5
7.86, p < .05, respectively]. The two-way interaction was
also significant [F(2,14) 5 19.61, p < .0001]. Planned
comparisons between target definition conditions for
target-present trials showed that, although the difference
between control and within-dimension conditions was
not significant [F(1,14) 5 3.69, p 5 .075], the other two

comparisons reached significance [control and cross-
dimension, F(1,14) 5 54.53, p < .0001; within- and
cross-dimension,F(1,14) 5 29.84,p < .0001]. RTs in the
cross-dimension condition were longer than those in
the control (by 40.3 msec) and within-dimension (by
29.8 msec) conditions. This pattern of results is consis-
tent with previous studies that showed WDF (Müller et al.,
1995; Treisman, 1988).

Table 1 also shows the error rates for each condition.
In this and all the subsequent experiments reported in
this article, the error rates were subjected to an arc-sine
transformation before being entered into an ANOVA. A
two-way (target definition 3 response) ANOVA showed
that both of the main effects and their interaction were
not significant (all Fs < 1). Error rates remained constant
across all conditions, suggesting that the participants did
not tend to make a speed–accuracy tradeoff.

Intertrial facilitation. For the cross-dimension con-
dition, correct RTs to a target on a given trial n were cat-
egorized by the defining dimension of the target in the
immediately previous trial (n 2 1). Trials followingan in-
correct response were not included in this analysis. Table 2
shows the means of correct RTs to orientation-defined
targets categorized by the target dimension in trial n 2 1.
A one-way ANOVA was performed, giving a significant
main effect of dimension in trial n 2 1 [F(2,14) 5 4.26,
p < .05]. Planned comparisons showed significant or
marginally significant differences between RTs in orien-
tation trials preceded by orientation trials and RTs in
those preceded by other target trials: [orientationand color,
F(1,14) 5 4.40, p 5 .055; orientation and size, F(1,14) 5
7.87, p < .05; orientation and average of color and size,
F(1,14) 5 8.01, p < .05]. RTs were, on average, 28.2 msec
faster when the displays contained a target defined by the
same dimension as that in the previous trial than when de-
fined by a different dimension. This pattern of ITF was
identical to that in the previous study (Found & Müller,
1996, Experiment 1).

Discussion
In Experiment 1A, there was clear WDF, consistent

with previous studies reporting knowledge-based facili-
tation of a feature search (Müller et al., 1995; Treisman,
1988). Intertrial analysis showed a pattern of ITF that
also was consistent with a previous study (Found &
Müller, 1996). Experiment 1A thus established that the

Table 1
Mean Correct Reaction Times (RTs, in Milliseconds)

and Error Rates (PEs, Percentages) for Experiment 1A

Target Response

Present Absent

Target Definition RT PE RT PE

Control 406.8 1.95 427.1 2.99
Within-dimension 417.3 2.15 455.0 2.34
Cross-dimension 447.1 2.54 515.1 2.47

Table 2
Mean Correct Reaction Times (RTs) in Trial n and Intertrial

Facilitation (ITF; Both in Milliseconds) for Orientation-
Defined Targets as a Function of the Target-Defining

Dimension in the Previous Trial (n 2 1) in Experiment 1A

Target-Defining Dimension
of Trial n 2 1 RT ITF

Orientation 421.6
Color 445.8 24.2†
Size 453.9 32.3*
Average of color and size 449.8 28.2*

*p < .05. †.05 < p < .10.
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displays used were sufficient for showing WDF and ITF
when presented under a simple search task.

EXPERIMENT 1B
Compound Search Task

The same stimulus displays as those in Experiment 1A
were presented under a compound search task, which re-
quired spatial attention to be focused on the location of
the target. My hypothesis predicted that the facilitatory
effect of prior knowledge of target-defining feature di-
mensions would be eliminated, because such knowledge
would not be useful for guiding spatial attention.

Method
Participants . Eight undergraduate students (4 males and 4 fe-

males; 19–22 years of age) participated as paid volunteers. All had
normal or corrected-to-normal visual acuity and normal color vi-
sion, and none had participated in Experiment 1A.

Apparatus and Stimuli. The apparatus and stimuli were the
same as those used in Experiment 1A, except that a target was pres-
ent in all the trials and, in addition to 10-element trials, 1-element
trials that contained no nontargets were also presented. Two number-
of-elements conditions (1 and 10) and 3 target def inition conditions
(control, within-dimension, and cross-dimension) were presented
in separate blocks. The participants received 10 blocks of trials:
1 block each of the control condition with 1 element and 10 elements,
2 blocks each of the within-dimension condition with 1 element and
10 elements, and 2 blocks each of the cross-dimension condition
with 1 element and 10 elements. Each block consisted of 96 trials.
In the within- and cross-dimension conditions, 32 trials of each of
the three types of targets were presented. In half of the trials, the tar-
get had a left-pointing L-shape, and in the other half, a right-pointing
L-shape (see Figure 1). The order of presentation of the 10 blocks
was counterbalanced across participants. Before the 1st block of
each pairing of target definition condition and number-of-elements
condition, the participants received a practice block of 30 trials
(6 practice blocks in all).

Procedure. The procedure was the same as that in Experiment 1A,
except that the task was to search for the target and then to respond
to the orientation of its L-shape (the to-be-reported attribute) as
quickly and accurately as possible by pressing one of two keys, one
key with the right index finger if the L-shape was pointing to the
right (>) and another key with the left index finger if it was point-
ing to the left (<).

Results
RT and Error Analyses. RT outliers were 1.7% of all

observations.
Mean correct RTs for the left-oriented targets are shown

in Table 3. A two-way ANOVA was performed, and both
main effects were significant2 [target definition condi-
tion, F(2,14) 5 6.50, p < .05; number-of-elements con-

dition, F(1,7) 5 41.16,p < .001]. The two-way interaction
was not significant (F < 1). Planned comparisons be-
tween target-definition conditions showed significant
differences [control and within-dimension conditions,
F(1,14) 5 9.40, p < .01; control and cross-dimensioncon-
ditions, F(1,14) 5 10.10, p < .01]. However, there was
no significant difference between the within-dimension
and the cross-dimension conditions (F < 1), indicating
that there was no WDF effect.

Table 3 also shows the error rates for each condition.
A two-way (target definition 3 number of elements)
ANOVA showed that both of the main effects and their
interaction were not significant (all ps > .14). Error rates
were constantacross all conditions,suggesting that the par-
ticipants did not tend to make a speed–accuracy tradeoff.

Intertrial facilitation. For the cross-dimension con-
dition, ITF was analyzed by the same method as that in
Experiment 1A. Table 4 shows the means of correct RTs
in trial n categorized by the target-defining dimension in
trial n 2 1. A two-way ANOVA was performed with the
main terms of dimension in trial n 2 1 and number of el-
ements. The main effect of number of elements was sig-
nificant [F(1,7) 5 15.69, p < .01]. Neither the main effect
of dimension nor the dimension 3 number of elements
interactionwas significant (all Fs < 1). This result clearly
shows that there was no ITF effect.

Discussion
When the simple search task was replaced by a com-

pound search task, both WDF and ITF disappeared.These
results are consistent with my prediction that the facili-
tatory effect of prior knowledge of the target-defining
feature dimension would not be observed under a com-
pound search task.

DISCUSSION OF EXPERIMENTS 1A AND 1B

The results of these experiments are clear-cut. When
a simple search task was used (Experiment 1A), both
WDF and ITF were seen, but when a compound search
task was used (Experiment 1B), both types of facilitation
were eliminated. This pattern of results is consistent with
the prediction that prior knowledge is useful under a sim-
ple search task, but not under a compound search task.
This prediction was derived from the hypothesis that fea-
ture dimensions weighted by knowledge are not avail-
able to guide spatial attention to the target location. In-

Table 4
Mean Correct Reaction Times (RTs) in Trial n and Intertrial

Facilitation (ITF; Both in Milliseconds) for Orientation-
Defined Targets as a Function of the Target-Defining

Dimension in the Previous Trial (n 2 1) in Experiment 1B

Target-Defining Dimension 1 Element 10 Elements

of Trial n 2 1 RT ITF RT ITF

Orientation 633.3 748.5
Color 646.0 12.7 743.4 25.2
Size 649.5 16.2 754.8 6.3
Average of color and size 647.7 14.4 749.1 0.6

Table 3
Mean Correct Reaction Times (RTs, in Milliseconds)

and Error Rates (PEs, Percentages) for Experiment 1B

Number of Elements

1 Element 10 Elements

Target Definition RT PE RT PE

Control 635.1 4.69 724.3 4.69
Within-dimension 647.8 4.88 746.5 4.30
Cross-dimension 643.1 4.88 752.5 6.84
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stead, I suggest that spatial attention is guided simply by
a saliency signal derived from the unweighted sum of ac-
tivation in feature maps. I refer to this as the attentional
limitation account.

The results of Experiments 1A and 1B also seem to be
consistentwith the response accountof Cohen and Magen
(1999), according to which search processes in simple
search tasks are the same as those in compound search
tasks and the absence of WDF in the compound search
task is instead due to modification of the to-be-reported
features. In the present experiments, it could be said that
the detection responses in the simple search task (Ex-
periment 1A) were eliciteddirectly by dimension-specific
response selection processes but that the discrimination
responses in the compound search task (Experiment 1B)
required additionalprocesses for selecting among possi-
ble responses and these processes eliminated WDF.

EXPERIMENT 2
Texture Segregation Tasks

A critical test to differentiate the attentional limitation
account from the response account would be a task in
which discrimination responses are required, just as in
Experiment 1B, but in which focusing of attention is not
necessary to locate the target. Texture segregation is a task
that has been considered not to involve focal attention
(e.g., Nothdurft, 1992). In a display of many similar ob-
jects, a region is defined by a difference in a single feature
and is perceived as clearly segregated from a background
region. Assuming that these regions could be segregated
preattentively, the global properties of the display could
be detected without focusing attention on a particular
spatial region.

In Experiment 2, two texture segregation tasks were
performed, using identicaldisplay sets. A texture boundary
was defined by one dimension in the within-dimension
condition and by one of three dimensions in the cross-
dimension condition (see Figure 2). In the detection task,
the participants responded to the presence or absence of
a texture boundary. In the discrimination task, the par-

ticipants responded to the orientationof the texture bound-
ary (vertical or horizontal).

The response account predicts a pattern of results sim-
ilar to that in Experiment 1: WDF in the detection tasks,
but no WDF in the discrimination tasks, owing to the need
for additional response selection processes. The atten-
tional limitation account predicts that there will be WDF
in both detection and discrimination tasks, because in
both tasks participants can respond without focusing their
attention on a particular spatial region of the display. In
other words, this account claims that knowledge of fea-
ture dimensions will be available in both tasks, since
limited-capacity processes are not required either for de-
tecting or for discriminating the texture boundary.

Method
Participants. Eight undergraduate students (6 males and 2 fe-

males; 22–24 years of age) participated as paid volunteers. All had
normal or corrected-to-normal visual acuity and normal color vi-
sion, and none had participated in Experiment 1.

Stimuli. Stimulus elements were small (12 3 4 mm) or large (18
3 6 mm) rectangles. The elements filled in an imaginary 6 3 6 ma-
trix (120 3 120 mm; 12º 3 12º in visual angle). Arrays of two types
of elements created a texture boundary either horizontally or verti-
cally (Figure 2). In the horizontal boundary condition, one type of
element occupied the three rows above the fixation point, and ele-
ments of a different type occupied the three lower rows. In the ver-
tical boundary condition, one type of element occupied the three
columns on the left of the fixation point, with others on the right.
The texture boundary was defined by a color, orientation, or size di-
mension. In all the conditions, one of the two types of elements was
always small white vertical rectangles. In the color condition, the
other elements were small green vertical rectangles. In the orientation
condition, the other elements were small white rectangles with one
of three orientations: left-tilted, horizontal, or right-tilted. In the size
condition, the other elements were large white vertical rectangles.
In addition, a boundary-absent display was used, in which all the el-
ements were small white vertical rectangles.

As in Experiment 1A, three types of target definition (control,
within-dimension , and cross-dimension ) were presented in a boundary
detection task and a discrimination task. In the control condition,
texture boundaries were always created by left-tilted elements. In
the within-dimension condition, texture boundaries were defined by
left-tilted, vertical, or right-tilted orientation. In the cross-dimension
condition, texture boundaries were defined by color, orientation

Figure 2. Example of stimulus displays in Experiment 2: (A) orientation target, (B) color target, and (C) size target conditions.
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(left-tilted), or size. In both within- and cross-dimension conditions,
the three different types of target were presented with equal proba-
bility. In the detection task, a texture boundary was presented (ei-
ther horizontal or vertical) in half of the trials, and boundary-absent
displays in the other half. In the discrimination task, half of the tri-
als had a horizontal boundary, and the other half had a vertical
boundary.

Each participant received 2 blocks of control, 4 blocks of within-
dimension, and 4 blocks of cross-dimension conditions for each of
the two tasks. Each block was composed of 96 trials in the detec-
tion task and 48 trials in the discrimination task. Half of the partic-
ipants started with 10 blocks of the detection task, and the other half
started with 10 blocks of the discrimination task. Before the 1st
block of each target definition condition of each task, the partici-
pants received a practice block of 30 trials (6 practice blocks in all).

Procedure. The procedure was the same as that in Experiments
1A and 1B, except for the tasks. In the detection task, the parti-
cipants responded to the presence or absence of a texture boundary
by pressing one of two keys. In the discrimination task, the partic-
ipants responded to the orientation of the texture boundary (verti-
cal or horizontal) by pressing one of two keys.

Results
Detection task. RT outliers were 4.3% of all observa-

tions. Trials with a boundary defined by left-tilted ele-
ments (boundary-present) and trials with no texture
boundary (boundary-absent) were analyzed.

Mean correct RTs are shown in Table 5. A two-way
ANOVA was performed with main terms of target defi-
nition and response, and both main effects were signifi-
cant [F(2,14) 5 67.08, p < .0001, and F(1,7) 5 9.92, p <
.05, respectively]. The two-way interactionwas not signif-
icant ( p 5 .220). Planned comparisons were conducted
of combinations of target definitions, and all three com-
parisons showed significant differences [control and
within-dimension conditions, F(1,14) 5 4.78, p < .05;
control and cross-dimension conditions, F(1,14) 5
119.78,p < .0001;within- and cross-dimensionconditions,
F(1,14) 5 76.68, p < .0001]. WDF (29.6 msec) was quite
similar to that in Experiment 1A.

Table 5 also shows the error rates for each condition.
A two-way (target definition 3 response) ANOVA showed
that both of the main effects and their interaction were
not significant (all Fs < 1). Error rates were constant across
all conditions, suggesting that the participants did not
tend to make a speed–accuracy tradeoff.

For the cross-dimension condition, ITF was analyzed
by the same method as that in Experiment 1A. Table 6
shows the means of correct RTs in trial n categorized by
the target-defining dimension in trial n 2 1. A one-way

ANOVA showed a significant main effect of the dimen-
sion in trial n 2 1 [F(2,14) 5 4.40, p < .05]. Planned
comparisons between orientation-boundary trials and
other boundary trials showed significant differences
[orientation and color, F(1,14) 5 6.60, p < .05; orienta-
tion and size, F(1,14) 5 6.59,p < .05; orientationand aver-
age of color and size, F(1,14) 5 8.79, p < .05]. There
was a significant ITF effect of 25.9 msec.

Discrimination task. RT outliers were 4.7% of all the
observations. Trials with a boundary defined by left-
tilted elements were analyzed.

Mean correct RTs are shown in Table 7. A one-way
ANOVA showed that the main effect of target definition
was significant [F(2,14) 5 9.61, p < .005]. A planned
comparison showed that the cross-dimension condition
was significantly slower than other conditions [control
and cross-dimension conditions, 58.5 msec, F(1,14) 5
16.25, p < .005; within- and cross-dimension conditions,
50.9 msec, F(1,14) 5 12.30, p < .05]. There was no sig-
nificant difference between the control and the within-
dimension conditions( p > .6). Thus, a considerableWDF
effect was observed.

Table 7 also shows the error rates for each condition.
A one-way ANOVA, with a main term of target definition,
showed that the main effect was not reliable (F < 1). Error
rates were constant across all the conditions, suggesting
that the participantsdid not tend to make a speed–accuracy
tradeoff.

For the cross-dimension condition, ITF was analyzed
by the same method as that in Experiment 1A. Table 6
shows the means of correct RTs in trial n categorized by
the target-defining dimension in trial n 2 1. A one-way
ANOVA performed with the main term of the dimension
in trial n 2 1 was not significant (F < 1), showing that
there was no ITF effect in this task.

Discussion
In both the detection and the discrimination tasks, there

was a significant effect of WDF, which contradicts the
predictionof the response account.Although the stimulus-
to-response mapping was varied between the two tasks,
similar to the variation between the simple search task
and the compound search task in Experiments 1A and 1B,
in this case the change in mapping did not eliminate the
WDF effect.

Table 5
Mean Correct Reaction Times (RTs, in Milliseconds)

and Error Rates (PEs, Percentages) for the
Detection Task in Experiment 2

Texture Boundary Response

Present Absent

Target Definition RT PE RT PE

Control 385.8 1.63 403.5 1.50
Within-dimension 393.1 1.75 413.7 4.50
Cross-dimension 422.7 1.50 453.9 4.88

Table 6
Mean Correct Reaction Times (RTs) in Trial n and intertrial

Facilitation (ITF; Both in Milliseconds) for Orientation-
Defined Targets as a Function of the Target-Defining

Dimension in the Previous Trial (n 2 1) in Experiment 2

Target-Defining Dimension Detection Task Discrimination Task

of Trial n 2 1 RT ITF RT ITF

Orientation 410.0 484.2
Color 435.8 25.8* 491.9 7.8
Size 435.9 25.9* 491.2 7.0
Average of color and size 435.9 25.9* 491.5 7.4

*p < .05.
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However, this result is consistent with the attentional
limitation account of WDF. The main difference between
the compound search task in Experiment 1B and the tex-
ture discrimination task here was that focusing of atten-
tion on the target was required in the former, but not in
the latter. According to the attentional limitation account,
when no focusing of spatial attention on a particular re-
gion of the display is required, the weighted signal from
feature maps is available for determining responses, even
when the responses are confined to discrimination.

In this experiment, the ITF effect showed a different
pattern from that of WDF: ITF was observed only in the
detection task,3 suggesting that ITF and WDF are not
necessarily mediated by the same processes. Taken to-
gether with the results of Experiments 1A and 1B, ITF is
seen to be sensitive to the stimulus-to-response mapping.
That is, only when the participants made detection re-
sponses did the ITF effect emerge.

In Experiment 3, I seek converging evidence for the
attentional limitation account of WDF, using an enumer-
ation task.

EXPERIMENT 3
Enumeration Tasks

Recent studies have suggested that when a relatively
small number of elements are to be enumerated, pro-
cesses known as subitizing are involved, similar to those
that produce visual pop-out (Trick & Enns, 1997). On
the other hand, when a larger number of elements, typi-
cally more than four, are to be enumerated, item-by-item
counting is used, and serial guidance of spatial attention
is considered to be engaged (Trick & Pylyshyn, 1993,
1994). Experiment 3 used tasks expected to invoke ei-
ther subitizing or counting processes. In both kind of
tasks, the participants discriminated two or three targets
in the subitizing task and six or seven in the counting task.

The purpose of this experiment was twofold. First, this
experiment examined whether ITF is sensitive to the na-
ture of responses. In Experiments 1B and 2, in which dis-
crimination responses were required, ITF disappeared.
In this experiment, if ITF is sensitive to the nature of re-
sponses, the ITF effect would be eliminated in both su-
bitizing and counting tasks, because both require dis-
crimination responses of numerosity, rather than simple
detection responses. Second, the attentional limitation
account of WDF was further tested. The attentional lim-
itation account predicted that WDF would occur only in
the subitizing task, since this task, but not the counting

task, can be performed without focusing spatial attention
on a specific region.

Method
Participants. Sixteen undergraduate or graduate students (9

males and 7 females; 20–27 years of age) participated as paid volun-
teers. All had normal or corrected-to-normal visual acuity and nor-
mal color vision, and none had participated in Experiments 1 or 2.

Stimuli. The stimulus elements were the same as those in Ex-
periment 2. Each display consisted of 20 elements, randomly as-
signed in cells of an imaginary 5 3 6 matrix (100 3 120 mm; 8º 3
10º in visual angle). Small gray vertical rectangles were presented
as nontargets. There were two tasks. In the subitizing task, two or
three nontargets were replaced by targets. In the counting task, six
or seven nontargets were replaced by targets. In a given display, all
the targets were identical. The definition of targets was similar to those
in Experiment 1A. In the within-dimension condition, the targets
were small gray rectangles either left-oriented, horizontal, or right-
oriented. In the cross-dimension condition, the targets were small gray
left-oriented, small green vertical, or large gray vertical rectangles.

The participants received four blocks of within-dimension and
four blocks of cross-dimension conditions for each task. Each block
was composed of 96 trials, 32 trials each of the three types of tar-
gets. Half of the participants started with eight blocks of the subitiz-
ing task, and the other half started with the counting task. Before
the first block for each target definition condition of each task, the
participants received a practice block of 30 trials (four practice
blocks in all).

Procedure. The procedure was the same as that in Experiment 1A,
except for the tasks. The participants responded to the number of
targets by pressing one of two keys, representing a count of two or
three in the subitizing task, and a count of six or seven in the count-
ing task. In both tasks, the response indicating the smaller number
was assigned to the left hand.

Results
RT outliers were 2.3% of all observations. Trials with

left-oriented targets were analyzed.
Subitizing task. Mean correct RTs are shown in

Table 8. A two-way ANOVA was performed with main
terms of target definition and response (two or three),
and both main effects were significant [F(1,15) 5 31.522,
p < .0001, and F(1,15) 5 25.38, p < .0001, respectively].
The two-way interaction was not significant (p 5 .755).

Table 8 also shows the error rates for each condition.
A two-way (target definition 3 response) ANOVA showed
that the main effect of response was significant[F(1,15) 5
10.16, p < .01]. The main effect of target definition and
the target definition 3 response interaction were not sig-
nificant (ps > .2), even though the participants made
more errors in three-response trials than in two-response
trials. This suggests that the difference in RTs between

Table 7
Mean Correct Reaction Times (RTs, in Milliseconds)

and Error Rates (PEs, Percentages) for the
Discrimination Task in Experiment 2

Target Definition RT PE

Control 441.2 3.38
Within-dimension 448.8 3.13
Cross-dimension 499.7 4.00

Table 8
Mean Correct RTs (in Milliseconds) and Error Rates

(PE, Percentages) for the Subitizing Task in Experiment 3

Response

Two Targets Three Targets

Target Definition RT PE RT PE

Within-dimension 547.8 0.94 519.4 2.25
Cross-dimension 606.0 0.69 574.4 2.50
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target definition conditions was not due to a speed–
accuracy tradeoff.

For the cross-dimension condition, ITF was analyzed
by the same method as that in Experiment 1A. Table 9
shows the means of correct RTs to left-oriented targets in
trial n categorized by the target-defining dimension in
trial n 2 1. A two-way ANOVA was performed with main
terms of dimension in trial n 2 1 and response in trial n,
and both main effects were significant [F(2,30) 5 6.43,
p < .005, and F(1,15) 5 12.16,p < .005, respectively].The
two-way interaction was not significant (F < 1). Planned
comparisons showed significant differences between
orientation trials and other trials [orientation and color,
F(1,30) 5 4.34, p < .05; orientation and size, F(1,30) 5
12.74,p < .005; orientationand average of color and size,
F(1,30) 5 10.65, p < .005]. There was a clear ITF effect
of 28.6 msec, on average, across target definitions and
responses.

Counting task. Mean correct RTs for trials with left-
oriented targets are shown in Table 10. A two-way ANOVA
was performed with main terms of target definition and
response (six or seven), but both of the main effects and
the interaction were not reliable (all ps > .3). There was
no advantage of RTs in the within-dimension condition,
relative to those in the cross-dimension condition.

Table 10 also shows the error rates for each condition.
A two-way (target definition 3 response) ANOVA showed
that both of the main effects and the interaction were not
significant (all ps >.19). Error rates were constant across
all conditions and responses, suggesting that the partic-
ipants did not tend to make a speed–accuracy tradeoff.

For the cross-dimension condition, ITF was analyzed
by the same method as that in Experiment 1A. Table 11
shows the means of correct RTs to left-oriented targets in
trial n categorized by the target-defining dimension in
trial n 2 1. A two-way ANOVA was performed with the
main terms of target-defining dimension in trial n 2 1
and response in trial n. The main effect of dimension was
significant [F(2,30) 5 13.76, p < .0001], but the main
effect of response and the target definition 3 response
interaction were not significant (both Fs < 1). Planned
comparisons showed significant differences between
orientation trials and color trials [F(1,30) 5 10.10, p <
.005], orientation trials and size trials [F(1,30) 5 27.08,

p < .0001], and orientation trials and average of color
and size [F(1,30) 5 20.49, p < .0001]. There was a clear
ITF effect of 101.9 msec on average, across target defi-
nitions and responses.

Discussion
The results concerning WDF in this experiment were

straightforward: WDF was observed only in the subitiz-
ing task. This provides converging evidence in support
of the attentional limitation account.When no serial guid-
ance of attention is required, as in the subitizing task,
prior knowledge of the target feature is useful, but serial
guidance of attention in the counting task could not be
prioritized by this knowledge.

Experiment 3 also showed that ITF is sensitive to re-
sponses but that, inconsistent with my prediction that
discrimination responses would eliminate ITF, ITF was
observed in both tasks, even though they both required
numerosity discrimination. In Experiment 1B and in the
texture boundary discrimination task in Experiment 2,
there was no ITF effect when the participants made
discrimination responses. I therefore suggest that numer-
osity discrimination may be mediated by a mechanism
similar to that which mediates detection. Numerosity
discrimination is not a choice between two clearly cate-
gorized alternatives, like discrimination between hori-
zontal or vertical orientations of a texture boundary.
Rather, the number of elements is represented as the level
of activation in a response selection process, like the
presence of targets in the detection task.

GENERAL DISCUSSION

Summary of Results
In this study, WDF and ITF were observed in a vari-

ety of visual tasks—visual search, texture segregation,
and visual enumeration—clearly showing that these
dimension-weighting effects are not specific to visual
search tasks but are a more general effect.4

Previous studies assumed that WDF and ITF are me-
diated by the same mechanism (Cohen & Magen, 1999;
Found & Müller, 1996; Müller et al., 1995), but in the
present experiments, the two effects were doubly disso-
ciated, as is shown in Table 12. In the texture discrimi-
nation task, WDF occurred, but ITF did not; in the count-
ing task, WDF did not occur, but ITF did. This provides
clear evidence that the two effects are independently me-
diated by different processes.

Table 9
Mean Correct Reaction Times (RTs) in Trial n and Intertrial

Facilitation (ITF; Both in Milliseconds) for Orientation-
Defined Targets as a Function of the Target-Defining

Dimension in the Previous Trial (n 2 1) in the
Subitizing Task of Experiment 3

Target-Defining Dimension Two Targets Three Targets

of Trial n 2 1 RT ITF RT ITF

Orientation 585.2 554.8
Color 609.1 23.9* 573.1 18.3†
Size 619.9 34.7* 592.4 37.6*
Average of color and size 614.5 29.3* 582.7 27.9*

*p < .05. †.05 < p < .10.

Table 10
Mean Correct Reaction Times (RTs, in Milliseconds)

and Error Rates (PEs, Percentages) for the
Counting Task in Experiment 3

Response

Six Targets Seven Targets

Target Definition RT PE RT PE

Within-dimension 1,301.9 3.13 1,328.8 3.91
Cross-dimension 1,316.0 2.83 1,332.1 4.59
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Within-Dimension Facilitation
When compound search tasks were used (Experi-

ment 1A), no WDF was observed. This pattern is consis-
tent with both the response account (Cohen & Magen,
1999) and the attentional limitation account, but results
in the subsequent experiments did not support the re-
sponse account. First, WDF was still observed when tex-
ture discrimination within a single feature dimension
was required (Experiment 2). Second, WDF was elimi-
nated in the counting task (Experiment 3), despite the
fact that it was observed in the subitizing task, in which
the same numerosity responses were required. These re-
sults indicate that WDF is not affected by processes in-
volved in response mechanisms.

Dimension-weightingaccounts,which assume that top-
down modulation of a known feature dimension facili-
tates processing (Müller et al., 1995), do not fully explain
these results, because WDF was eliminated under both
compound search and counting tasks. However, when
focal attention to a spatial region was not involved,WDF
was observed, not only in the simple detection task (Ex-
periment 1A), but also in the texture detection task (Ex-
periment 2). This is consistent with the explanation that
responses are directly elicited on the basis of activation
of a feature-specific saliency map, without involving
focal attention.The present study demonstrated that such
direct responses can occur not only in detection tasks, but
also in texture discriminationand subitizing tasks. Direct
responses are based not only on the presence or absence
of peaks of activation on the feature-specific saliency
map, but also on quantitative (e.g., number of targets) or
even qualitative (e.g., orientation of texture boundaries)
characteristics of activation on the map. Therefore,
knowledge of the target-def ining feature is useful for
computation of activation on the saliency map, affecting
a wider range of responses than does simple detection.

When focal attentionwas engaged, as in the compound
search and counting tasks, there was no WDF. This is
consistentwith the attentional limitationaccount, in which
spatial attention is guided by saliency signals on the mas-
ter map, activationof which are unweightedby knowledge
of target-defining features (Kumada, 1999; Theeuwes,
1991, 1992). Kumada suggested that knowledgeof target-
defining features could modulate activation in the later
stages, after saliency signals are computed and trans-

mitted to the master map. This would explain why ex-
plicit knowledge of the target-defining feature dimension
had no effect on control of spatial attention in the com-
pound search and counting tasks. Such a staging of pro-
cesses may enforce cognitive impenetrability between
the spatial attention system and the weighted feature-
processing modules. Such impenetrability may have
evolved to ensure the rapid allocationof spatial attention
to salient objects in a visual scene or the detection of sa-
lientobjects irrespectiveof prior knowledgeor expectation.

Intertrial Facilitation
ITF was correlated with type of response: It disap-

peared when the participants made discrimination re-
sponses, but it was observed with detection and enumer-
ation responses. Thus, ITF does not depend on whether
focal attention is allocated or not. Some previous studies
have shown ITF under discrimination tasks (Cohen &
Magen, 1999, Experiment 4; Found & Müller, 1996), in
which participants responded to feature values of targets
that lay along the target-defining feature dimension. In
the present study, ITF was not observed when discrimi-
nation response features were independent of the target-
defining feature dimension in Experiments 1B and 2. In
both of these experiments, ITF failed to appear only
when the to-be-reported attribute was independentof the
target-defining feature dimension. In other words, ITF is
seen whenever response processing does not need to
refer to other processes for to-be-reported attributes.

The nature of ITF is satisfactorily explainedby feature-
based response selection models (Cohen & Magen, 1999;
Cohen & Shoup, 1997; Mordkoff & Yantis, 1993). These
models assume that each feature module has its own re-
sponse selection processes. Intertrial priming of response
selection processes in each feature module provides an
advantage in the subsequent trial for targets that are de-
fined by the same feature dimension. On the other hand,
in the compound search task and in the texture discrim-
ination task, in which responses are elicited on the basis
of a to-be-reported attribute that is different from the
target-defining feature dimension, there is no effect of
intertrial priming, because the response selection process
in each feature module is not used when responding to the
to-be-reported attribute.

Table 11
Mean Correct Reaction Times (RTs) in Trial n

and Intertrial Facilitation (ITF; Both in Milliseconds)
for Orientation-Defined Targets as a Function of the

Target-Defining Dimension in the Previous Trial (n 2 1)
in the Counting Task of Experiment 3

Target-Defining Dimension Six Targets Seven Targets

of Trial n 2 1 RT ITF RT ITF

Orientation 1,232.6 1,266.2
Color 1,322.8 90.2* 1,330.7 64.5†
Size 1,372.3 139.7* 1,379.6 113.4*
Average of color and size 1,347.5 114.9* 1,355.1 88.9*

*p < .05. †.05 < p < .10.

Table 12
Summary of Results for Within-Dimension Facilitation (WDF)

and Intertrial Facilitation (ITF; Both in Milliseconds)
in Experiments 1A, 1B, 2, and 3

Task WDF ITF

Visual search (Experiments 1A and 1B)
Simple search 29.8* 28.2*
Compound search 24.7 14.4

Texture segregation (Experiment 2)
Detection 29.6* 25.9*
Discrimination 50.9* 7.4

Enumeration (Experiment 3)
Subitizing 56.6* 28.6*
Counting 8.7 101.9*

*p < .05.
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It is important to note that the degree of focal attention
to targets was independentof ITF. Previous models of vi-
sual search have assumed that information about visual
objects is registered in “object files” by focusing spatial
attention on the objects (Treisman, 1988; Treisman &
Gelade, 1980), but the information that enables ITF may
be registered in a different form from the “object files.”
I suggest that the feature modules that were just previ-
ously used for coding responses are still sufficiently ac-
tivated to prime the selection of the next response. More
functionally, it may be that feature information used for
a previous “action” is registered and thus is available to
facilitate selection of action to the same object again, in-
dependent of the degree of attention focused on it.

Conclusion
Visual tasks performed on the basis of feature dimen-

sions are mediated by two types of dimension weighting,
each occurring independently. One is knowledge-based
dimension weighting, which is explicitly activated by
knowledge of the target-defining feature dimension, ir-
respective of the type of response. The other is response-
based dimension weighting, the implicit priming of fea-
ture dimensions that were used for responding in the
preceding trial. Such priming is independent of the allo-
cation of focal attention. Distinguishing these two influ-
ences allows us to reconcile apparently contradictory
accounts of WDF and ITF in visual search tasks: the
dimension-weighting account (Found & Müller, 1996;
Müller et al., 1995) and the response account (Cohen &
Magen, 1999). In addition, this study has shown that
knowledge-based dimension weighting is not globally
available for guidance of spatial attention but is limited
to certain processes and modules.
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NOTES

1. As was noted by Duncan (1985), there are tasks that are hard to
classify as simple search or compound search. One instance of such dif-
ficulty is when the target-defining feature and the to-be-reported at-
tribute belong to the same feature dimension, as in Experiment 1 of
Cohen and Magen (1999). In the present discussion, I assume that tar-
get detection can occur when a difference in the target-defining feature
is detected between targets and nontargets and that further information
is always needed to determine the to-be-reported feature of the target.
In other words, the target-defining feature is not always based on the
same information as the to-be-reported attribute, even when they be-
long to the same feature dimension. Therefore, I classif ied the tasks
used in Cohen and Magen as one type of compound search task.

2. The significant main effect of number of elements needs to be ex-
plained. RTs were longer for 10-element displays than for 1-element
displays in all three target definitionconditions(by 89.2 msec in the con-
trol condition, 98.6 msec in the within-dimension condition, and
109.4 msec in the cross-dimension condition). This translated to search
rates in the range of 9.9–12.2 msec per additional item, times that are
quite small if we attribute them to strictly serial search processes, but addi-
tional nontargets may also increase the time to search for feature-
defined targets in a compound search task. This increase, referred to as
filtering cost, is known to be obtained in compound search tasks, but not
in simple search tasks (Kahneman, Treisman, & Burkell, 1983). Kah-
neman et al. argued that the filtering cost could be explained by compe-
tition between object files for attentional resources. The effect of number
of elements in this experiment should be interpreted as a filtering cost.

3. An anonymous reviewer suggested that both the target-defining
feature and the to-be-reported attribute might use the same orientation
response selector for orientation target trials and that this might explain
why no ITF was found. Therefore, as the reviewer suggested, I further
analyzed the ITFs for color- and size-defined targets. For both kinds of
targets, the ITF was not reliable: [color, 2.5 msec, p > .8; size, 214.6 msec,
p > .2]. This clearly suggests that the same-response-selector account is
an unlikely explanation of the absence of ITF in orientation targets.

4. This study does not suggest that the visual tasks used in this study
are mediated by exactly the same processes. I suggest that these tasks
commonly use feature maps and response selection processes, which
involve dimension-weighting effects. There may be specif ic processes
for each task. However, these residual processes are not crucial for ex-
plaining dimension-weighting effects.
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