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Object-based attentional selection
can modulate the Stroop effect

PETER WUHR
Friedrich-Alexander-Universitdt Erlangen-Niirnberg, Erlangen, Germany

and

FLORIAN WASZAK
Max Planck Institute for Psychological Research, Munich, Germany

The Stroop (1935) effectis the inability to ignore a color word when the task is to report the ink color
of that word (i.e., to say “green” to the word RED in green ink). The present study investigated whether
object-based processing contributes to the Stroop effect. According to this view, observers are unable
to ignore irrelevant features of an attended object (Kahneman & Henik, 1981). In three experiments,
participants had to name the color of one of two superimposed rectangles and to ignore words that ap-
peared in the relevant object, in the irrelevant object, or in the background. The words were congru-
ent, neutral, or incongruent with respect to the correct color response. Words in the irrelevant object
and in the background produced significant Stroop effects, consistent with earlier findings. Impor-
tantly, however, words in the relevant object produced larger Stroop effects than did the other condi-
tions, suggesting amplified processing of all the features of an attended object. Thus, object-based pro-

cessing can modulate the Stroop effect.

In every moment, one’s environmentcontains many ob-
jects, each of which has several features (e.g., color, shape).
For most of one’s actions, however, only one of these ob-
jects is of relevance. Moreover, in many cases, only a few
object features are useful for guidingone’ behavior (Shalev
& Algom, 2000). This fact implies that the cognitive sys-
tem has to solve several problems before one is ready to
act upon an object. The first problem is to identify an ob-
ject that has the action-relevantfeatures. Irrelevant objects
that are simultaneously present should be ignored. This
task has been labeled input selection (Treisman, 1969).
The second problem is to identify the action-relevant fea-
ture on the already selected object. Irrelevant features
should be ignored. This task has been labeled analyzer se-
lection (Treisman, 1969), or dimensional selection (All-
port, 1971; Shalev & Algom, 2000). The third problem, of
course, consists of selecting the appropriate response.

In the present study, we investigated the role of (object-
based) input selection in the famous Stroop task (Stroop,
1935). In a variant of this task, participants have to name
the ink color in which a single word is printed. The criti-
cal manipulation affects the congruency between word
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meaning and word color. Word meaning can be congruent
(e.g., the word RED in red ink), neutral (e.g., the letter string
XXX in red ink), or incongruent (e.g., the word BLUE in red
ink) with color. Usually, congruent stimuli produce facil-
itation (i.e., shorter response times [RTs] than for neutral
stimuli), whereas incongruentstimuli produce interference
(i.e., longer RTs than for neutral stimuli; for a review, see
MacLeod, 1991). A fundamental feature of this so-called
Stroop effect is its asymmetry. Whereas irrelevant words
exert a strong impact upon color naming, irrelevant ink
colors generally have no impact upon word reading (e.g.,
Stroop, 1935). Moreover, the Stroop effect emerges not only
when ink color and word shape are integrated within the
same object, but also when color and shape are spatially
separated (Dyer, 1973a; MacLeod, 1998).

Obviously, the Stroop task contains each of the three
problems described above (Van der Heijden, 1992). The
problem of input selection is to first localize the response-
relevant stimulus, or object. This task is certainly much eas-
ier when the stimuli are presented singly than when a list
of stimuli is presented simultaneously, as in Stroop’s (1935)
original study (cf. Dyer, 1973b). Next, the problem of di-
mensional selection is to determine the relevant feature
dimension on a multidimensional stimulus and to identify
the particular stimulus value on that dimension. Finally,
after having determined both the relevant stimulus and the
relevant stimulus feature, an appropriate response has to
be selected and executed.

Despite the vast number of publications on the Stroop
effect, only a few studies have been concerned with the is-
sues of input selection and dimensional selection in the
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Stroop task. One possible reason for the neglect of these
issues is the widely held belief that the main difficultiesin
the Stroop task arise at the level of response selection
(e.g., Dyer, 1973b; Lu & Proctor, 1995; Virzi & Egeth,
1985). For this reason, many models proposed to account
for the Stroop effect have addressed neither input selec-
tion nor dimensional selection. This fact applies particu-
larly to automaticity models (e.g., Posner & Snyder,
1975). Such models propose that word reading is more
highly practiced and, therefore, more automatic than color
naming. An automatic process is defined as being obliga-
tory—that is, triggered whenever an appropriate stimulus
is encountered, regardless of whether the observer focuses
attention on that stimulus or intends to process it (cf.
Brown, Gore, & Carr, 2002; Posner & Snyder, 1975). As a
result, irrelevant words are unavoidably read, and there-
fore, word reading can interfere with the less practiced
task of color naming.

The idea that word reading reflects an automatic process
and, therefore, that the Stroop effect is unavoidable has
been challenged. For example, Bauer and Besner (1997)
were able to modulate the Stroop effect by manipulating
task instructions. In the classify condition of their experi-
ment, participants had to report the presentation of sev-
eral colors by pressing a particularkey (i.e., green, left key;
red, right key). In contrast, in the detect condition, partic-
ipants had to report the presence of a particular color by
pressing one key and report the absence of the same color
by pressing the alternative key (i.e., green present, left
key; green absent, right key). Bauer and Besner (1997) ob-
served a Stroop effect in the classify condition, but not in
the detect condition. This result indicates that the Stroop
effect is not unavoidable and challenges the view that
word reading is (at least strongly) automatic.

In the following, we review empirical studies on whether
the mechanisms of input selection are able to affect the
Stroop effect. Mechanisms of dimensional selection, as well
as their influence on the Stroop effect, are outside the scope
of the present article. These mechanisms are thoroughly
discussed by Dishon-Berkovitsand Algom (2000), Melara
and Mounts (1993), and Shalev and Algom (2000).

The purpose of input selectionis to segregate the visual
input into well-processed and less well processed parts.
Two mechanisms have been proposed to achieve this pur-
pose: the selection of locations (space-based selection)
and the selection of perceptual objects (object-based se-
lection). The notion of space-based selection rests on the
idea that preattentive processes provide an empty repre-
sentation of the spatial layout surrounding us and visual
attention can move within that representation. Attentional
selection is accomplished by focusing attention upon a
particular spatial location. Selected stimuli are processed
more strongly than stimuli that fall outside the attended
region, which are effectively ignored. The best-known
metaphor for a space-based mechanism of selective atten-
tion is the spotlight (Posner, Snyder, & Davidson, 1980).
Later space-based models have retained the idea that at-
tention is focused within a spatiotopic coordinate system,

while providing the selection mechanism with more flex-
ibility. This flexibility is expressed in such metaphors as
attentional gradients (LaBerge & Brown, 1989) or zoom
lenses (Eriksen & St. James, 1986).

Some studies have been performed to investigate whether
the allocation of spatial attentioninfluences the Stroop ef-
fect (e.g., Brown et al., 2002; Gatti & Egeth, 1978). In
most of these studies, the separated version of the Stroop
task has been used—thatis, a color patch and a word were
presented at different display locations, and researchers
varied the spatial distance between the patch and the word,
as well as their congruency. The participants’ task was to
name the color of the color patch and to ignore the word.

Gattiand Egeth (1978) presented a color patch at screen
center and two color words 1°, 3°, or 5° above and below
the patch. Stroop interference was found to decrease with
increasing distance, but interference was still significant
at a distance of 5°. The authors concluded that spatial at-
tention could not be limited to a region smaller than 5°.
The decrease of interference with increasing distance was
attributed to a decrease in perceptual acuity. Consistent
with this interpretation, Merikle and Gorewich (1979) ob-
served no decrease of Stroop interference with increasing
distance (from 0.5° to 2.5°) when letter size was increased
to compensate for acuity loss. Similarly, Hagenaar and
Van der Heijden (1986) observed almost identical Stroop
effects when a color patch and a word were presented
close (1.1°) or far (1.9°) and concluded that spatial atten-
tion does not affect processing of Stroop words.

In a recent study, Brown et al. (2002) presented color
patches and words at different locations. Briefly before
these stimuli, an uninformative location cue appeared ei-
ther at the position of the color patch or at the position of
the word. The authors expected the abrupt-onset cue to in-
voluntarily draw attention to its location (Yantis & Jonides,
1984). In several experiments, Brown et al. observed that
manipulating the locus of spatial attention could modu-
late, but not eliminate, the Stroop effect. That is, a Stroop
effect occurred even when attention was drawn to the po-
sition of the color patch and the word was positioned 13°
away. The authors interpreted these findings as evidence
for their notion that word recognition can proceed without
spatial attention.

In contrast to the studies reviewed so far, in which the
distance between a color patch and a word was varied in a
separated Stroop task, Shalev and Algom (2000) used in-
tegrated Stroop stimuli. In addition, they presented a lo-
cation cue either at the position of the Stroop stimulus
(valid condition) or at an empty position (invalid condi-
tion). Shalev and Algom found comparable Stroop effects
in valid and invalid conditions and, therefore, concluded
that semantic processing of Stroop words is not affected
by spatial attention at all.

In summary, the reviewed studies obtained very little
evidence for the idea that spatial attention can modulate
the Stroop effect. As long as the distance between a relevant
color patch and an irrelevant color word is less than 5°,
distance variations do not seem to affect the Stroop effect



SELECTIVE ATTENTION IN THE STROOP TASK

(e.g., Hagenaar & Van der Heijden, 1986). Only when the
distance exceeds 5° can increasing distance reduce, but
not eliminate, the Stroop effect (Brown et al., 2002).

In contrast to space-based selection, object-based input
selection rests on the idea that preattentive processes seg-
ment the visual scene into figures and ground and atten-
tion selects one of these figures (i.e., candidate objects)
for further processing (Duncan, 1984; Kahneman & Henik,
1981). The attentional selection of a candidate object was
proposed to amplify processing of each of the features of
the selected object, whereas unattended objects are ig-
nored. Although the exact mechanisms of object-based
input selection are still unclear (Vecera & Farah, 1994;
Weber, Kramer, & Miller, 1997), there seems to be agree-
ment about the existence of a mechanism that primarily
selects perceptual objects.

Yet only a few studies have addressed the role of object-
based input selection in the Stroop task. The first study
was conducted by Kahneman and Henik (1981), who rea-
soned that the difficulty of dealing with the integrated
Stroop task might be related to object-based attentional se-
lection. To test their hypothesis, these authors presented a
circle and a square on opposite sides of fixation, with a
horizontal distance of approximately 9°. Both shapes con-
tained a colored word. The participants’ task was to report
the color of the word in the circle. One of the two words
was always neutral (e.g., the word cute) with respect to the
correct response. The second (critical) word was congru-
ent, neutral, or incongruent. The most important manipu-
lation was whether the critical word appeared in the circle
(relevant-object condition) or in the square (irrelevant-
object condition). Kahneman and Henik observed strong
Stroop interference (202 msec) in the relevant-objectcon-
dition and relatively weak interference (50 msec) in the
irrelevant-object condition. Their interpretation of these
results was that object-based selection modulates the
Stroop effect.

In a follow-up study, Van der Heijden, Hagenaar, and
Bloem (1984) replicated Kahneman and Henik’s (1981)
results with much smaller distances of only 1° between
stimuli. In another experiment, Van der Heijden et al. ob-
served interference in the relevant-object condition, but
notin the irrelevant-objectcondition, when they validly pre-
cued the position of the relevant word with a bar marker.
Therefore, these authors viewed their results as consistent
with Kahneman and Henik’s claims that attention selects
objects and that object-based attentional selection modu-
lates the Stroop effect.

In summary, the results of Kahneman and Henik (1981)
and of Van der Heijden et al. (1984) suggest that object-
based input selection can modulate the Stroop effect, even
when the spatial distance between the relevant and the ir-
relevant objectis small (1°in Van der Heijden etal.’s study).
Hence, these results are in apparent conflict with the re-
sults of the studies on the impact of space-based selection
on the Stroop effect. The reason for the discrepant results
is unclear. A possible explanation may be that most of the
studies on space-based attention (with Shalev & Algom,
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2000, being the only exception) compared Stroop effects
that were obtained in two separated Stroop tasks. In con-
trast, the studies on object-based attention compared the
Stroop effect obtained in an integrated task with the effect
obtained in a separated task. Therefore, the discrepant re-
sults may point toward a qualitative difference between in-
tegrated and separated versions of the Stroop task.

The most important point, however, is that the results of
Kahneman and Henik (1981) and Van der Heijden et al.
(1984) cannotunequivocally be explained by object-based
selection. The reason is that, in these studies, the manipu-
lation of whether the relevant (color) and the irrelevant
(word) information belonged to the same object was con-
founded with a simultaneous variation of the spatial dis-
tance between relevant and irrelevant information. If the
color and the word belonged to the same object, the spa-
tial distance between the color and the word was small
(i.e., minimal); if the color and the word belonged to dif-
ferent objects, the spatial distance between them was
large. Thus, the observed decreases in the Stroop effect in
the irrelevant-object conditions may, at least in part, be re-
lated to effective space-based selection. To conclude, at
present, there is no clear evidence for arole of object-based
attentional selection in the Stroop task (cf. Shalev & Algom,
2000).

The aim of the present study was to investigate the role
of space-based attentional selection in the Stroop task.
The question was whether object-based selection can
modulate the seemingly ubiquitous Stroop effect. To inves-
tigate this question, we developed displays in which the
affiliation of colors and words to the same or to different
objects was manipulated without simultaneously varying
the spatial distance between a color and a word. In partic-
ular, participants named the color of one of two superim-
posed rectangles (i.e. objects; see Figure 1). Congruent or
incongruentcolor words were presented as parts of the rel-
evant object, as parts of the irrelevant object, or in the
background. The main question of interest was whether
color words would produce larger Stroop effects (i.e.,
larger facilitation by congruent words and larger interfer-
ence by incongruent words) when they appeared as parts
of the relevant object, as compared with the remaining
conditions.

EXPERIMENT 1

In Experiment 1, we asked whether an irrelevant color
word affects color-naming performance more strongly
when the word and the to-be-named color belong to the
same object, as compared with a situation in which the
word and the color belong to different objects. The par-
ticipants were presented with two rectangles, one partially
occludingthe other in the form of a plus sign, or cross (see
Figure 1). The front rectangle could have one of four dif-
ferent colors (blue, red, green, or yellow), whereas the rear
rectangle always appeared in light gray. The participant’s
task was to report aloud the color of the front rectangle as
quickly as possible. Thus, in Experiment 1, the front rec-



986 WUHR AND WASZAK

(A)

green  +

green

(©)

gray

IIIIlﬂack

green

blue

Figure 1. Examples of displays used in Experiments 1-3: (A) congruent color words in relevant object from Experi-
ment 1, (B) neutral words in irrelevant object from Experiment 2, and (C) incongruent color words in background from
Experiments 2 and 3. Note that, for matters of illustration, the depicted sizes of the stimuli are not proportional to the
actual sizes used in the experiment (for actual sizes, refer to the description of methods).

tangle was the relevant object, whereas the rear rectangle
was the irrelevant object. The critical manipulation was the
presentation of irrelevant words at different screen lo-
cations. In the relevant-object condition, two identical
word stimuli appeared at both ends of the relevant object.
In the irrelevant-object condition, the word stimuli ap-
peared at both ends of the irrelevant object. Moreover, the
word stimuli were congruent, incongruent, or neutral with
respect to the color of the relevant object (see Figure 1 for
examples).

We expected that congruent color words would facili-
tate color naming and incongruent color words would in-
terfere with color naming, independent of whether the
words appeared in the relevant or the irrelevant object.
This observation would be consistent with the results of
several previous studies (e.g., Gatti & Egeth, 1978). How-
ever, we also expected facilitation from congruent words
and interference from incongruent words to be larger
when the words were part of the relevant object than when
they were part of the irrelevant object. This observation
would indicate the presence of object-based selection.

It is important to note that the spatial distances of the
words from the fixation point were identical in the relevant-
object and the irrelevant-object conditions. Thus, in con-
trast to Kahneman and Henik’s (1981) study, our manipu-
lation of whether the relevant color and the irrelevant
word(s) belonged to the same object or to different objects
was not confounded with a variation of the spatial distance
between the position of the words and the focus of spatial
attention. Moreover, the displays were presented very
briefly (100 msec), to prevent eye movements from the
fixation point to other parts of the display.

Method

Participants. Twenty-one volunteers (14 female), with a mean
age of 23 years, participated in a single-session experiment. The ex-
periment lasted about 30 min, and the participants received DM 12
for attendance. All the participants in this and the following experi-

ments were native German speakers, who classed themselves as hav-
ing normal color vision as well as normal (or corrected-to-normal)
visual acuity.

Apparatus and Stimuli. The experiment took place in a dimly lit
and soundproof chamber. The participants sat in front of a 17-in.
EIZO Flexscan 9080i monitor with an unconstrained viewing dis-
tance of approximately 80 cm. The participants responded by speak-
ing into a microphone, which triggered a voice key measuring RTs
to the nearest millisecond. An IBM-compatible computer controlled
the presentation of stimuli and collected vocal RTs. Visual stimuli
were shown on a black background. The fixation cross was a small
“+” sign in font size 11, subtending 0.2° of visual angle. Each stim-
ulus display consisted of two rectangles, which were superimposed
upon each other and formed a cross, centered on the fixation point
(see Figure 1). The short side of the rectangles subtended 1.1°; the
long side subtended 3.2°. The orientation of the front and the rear
rectangles (horizontal or vertical, respectively) was balanced across
the experimental conditions.

The rear rectangle was always presented in light gray. By contrast,
the color of the front rectangle was blue, green, red, or yellow. In
each stimulus display, two identical words appeared at both short
sides of one of the rectangles (see below). When the rectangle con-
taining the words was oriented horizontally, one word appeared to
the left and the other one to the right of fixation. When the rectan-
gle containing the words was oriented vertically, one word appeared
above and the other one below fixation. The words were presented
in font size 11 and subtended between 0.6° (rot [German for red])
and 0.8° (griin [German for green]). The spatial distance between
the fixation point and the center of a word was 1.1° of visual angle
in each condition.

Procedure. At the beginning of the session, the participants were
familiarized with the task and were encouraged to respond loudly.
They were also instructed to respond as fast and as accurately as pos-
sible and to fixate the fixation point. Moreover, the experimenter
pointed out that the words presented in the display were irrelevant
with respect to the task; the participants were told to ignore them.

After 20 practice trials, the experimental phase began with the
presentation of the instructions on the screen. The experiment was
run in blocks of 10 trials. At the beginning of each block, the string
“Press a key” appeared. The keypress started a block of 10 trials,
each of which contained the following events. First, the fixation
cross appeared on the screen for 800 msec. Next, the stimulus dis-
play was presented for 100 msec. Then there was a blank interval



SELECTIVE ATTENTION IN THE STROOP TASK

until the participant’s response triggered the next trial, beginning
with the presentation of the fixation cross. After the participant had
responded to the last stimulus display of a block, the string “Press a
key” appeared, and the participant could take a rest.

The participant’s performance was monitored on line by the ex-
perimenter, who sat outside the experimental chamber. The experi-
menter heard the participant’s responses via earphones and com-
pared them with the correct answers that were shown on a second
monitor. Each error was recorded in a list.

Design. The experiment used a 3 X 2 within-subjects design. The
first factor was congruency. The irrelevant words were congruent,
neutral, or incongruent with respect to the correct color-naming re-
sponse. A congruent word denoted the color of the relevant object;
an incongruent word denoted a different color than that of the rele-
vant object (but one of the remaining three colors), whereas a neu-
tral word was one of three meaningless letter strings (Xxxx, yyyy, or
zzzz). Figure 1 shows examples of the stimuli.

The second factor was object condition. The words were pre-
sented either as parts of the relevant object or as parts of the irrele-
vant object. The two experimental factors, as well as the color and
orientation of the front rectangle, varied randomly from trial to trial.
The participants were presented with 48 repetitions for each of the
six experimental conditions (3 congruency X 2 object condition),
resulting in a total of 288 trials. Within the two object conditions,
each of the 4 congruent displays was repeated 12 times, whereas
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each of the 12 neutral and incongruent displays was repeated 4
times. The last block contained 8 trials instead of 10.

Results

Response times. For each participant, we first removed
all vocal RTs exceeding three standard deviations from the
mean. Across participants, RTs < 111 msec (0.04%) and
RTs > 1,044 msec (1.44%) were excluded from further
analyses. The mean RT values (upper panel) and error per-
centages (lower panel) for each of the six conditions are
presented in Figure 2.

RTs were entered into a 3 (congruency) X 2 (object con-
dition) repeated measures analysis of variance (ANOVA).
RTs were shortest for congruent words (530 msec), in-
termediate for neutral words (561 msec), and longest for
incongruent words [622 msec; F(2,40) = 54.77, MS, =
1,685.9,p < .001]. Moreover, RTs were longer when words
appeared in the relevant object (579 msec) than when they
appeared in the irrelevant object [563 msec; F(1,20) =
13.15,MS, = 635.4,p < .01]. Similarly, neutral stimuliin
the relevant object (568 msec) caused longer RTs than did
neutral stimuli in the irrelevant object [S54 msec; #(20) =

700
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Figure 2. Experiment 1: mean color-naming response times (upper panel)
and mean percentages of errors (lower panel) as a function of distractor type
and object condition (V = 21; error bars are standard errors between the par-

ticipants).
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2.20, p < .05]. Most important, however, the interaction
between congruency and object condition was also sig-
nificant [F(1,20) = 18.95, MS, = 427.8,p < .001].

To clarify the two-way interaction, facilitation scores (con-
gruent minus neutral) and interference scores (incongru-
ent minus neutral) were computed for each of the two ob-
ject conditions. Then the facilitation scores from the two
object conditions and the interference scores from the two
object conditions were compared. For all planned pairwise
comparisons reported in this article, Bonferroni-adjusted
two-tailed 7 tests were used. Congruent words in the rele-
vant object produced more facilitation (—43 msec) than
did congruent words in the irrelevant object (—19 msec;
p <.01). Similarly, incongruent words in the relevant ob-
ject (77 msec) produced more interference than did in-
congruentwords in the irrelevant object (46 msec; p < .01).

Errors. Error percentages (see the lower panel of Fig-
ure 2) were entered into a 3 (congruency) X 2 (object con-
dition) repeated measures ANOVA. Results were similar
to those for RTs. First, error percentages were lowest for
congruent words (1.3%), intermediate for neutral words
(1.6%), and highest for incongruentwords [6.3%; F(2,40) =
32.32, MS, = 10.2, p < .001]. Moreover, error percent-
ages were higher when the words appeared in the relevant
object (3.8%) than when they appeared in the irrelevant
object [2.4%; F(1,20) = 9.66, MS, = 6.8, p < .01]. Fi-
nally, the interaction between congruency and object con-
dition was also significant [F(1,20) = 6.80, MS_, = 8.3,
p <.01].

Facilitation scores from the two object conditions and
interference scores from the two object conditions were
compared, respectively. As for RTs, congruent words in
the relevant object (—1.1%) produced more facilitation
than did congruent words in the irrelevant object (0.4%;
p < .05). Similarly, incongruent words in the relevant ob-
ject (6.2%) produced more interference than did incon-
gruent words in the irrelevant object (3.1%; p < .01).

Discussion

In Experiment 1, the participants named the color of a
rectangular object that partially occluded a second, gray
object. At the same time, the participants had to ignore
color words that appeared either in the relevant colored
object or in the irrelevant gray object. Two major results
emerged. First, color words affected performance whether
they appeared in the relevant or the irrelevant object and
despite the fact that the words appeared approximately
1.1° from fixation. Congruent words facilitated and in-
congruent words impaired color naming. This observation
is consistent with earlier findings (e.g., Brown et al.,
2002) and confirms that color words are hard to ignore in
the Stroop task. Second and more interesting, the irrele-
vant words produced larger Stroop effects, in terms of
both facilitation and interference, when they occurred in
the relevant object than when they occurred in the irrele-
vant object. Note that the spatial distance of the words
from the fixation point was identical in both conditions.

Thus, these results support the view that object-based
input selection is able to modulate the Stroop effect.

Unfortunately, Experiment 1 has two shortcomings.
First, there is an additional difference between the relevant-
object condition and the irrelevant-objectcondition of Ex-
periment 1, which might be important. Whereas the color of
the relevant object changed from trial to trial, the color
of the irrelevant object (light gray) remained the same
throughout the experiment. Therefore, the observed dif-
ferences might have resulted from trials in which the con-
trast between the black words and the color of the relevant
object (e.g., yellow) was higher than the contrast between
the black words and the gray color of the irrelevant object,
or it might have been easier to ignore the constantly col-
ored irrelevant object. Second, Experiment 1 containedno
condition in which the color words appeared in the back-
ground, and not in an object. Without such a comparison,
itis unclear whether the effects found in Experiment 1 oc-
curred because the processing of words as parts of the rel-
evant object was amplified or because the processing of
words as parts of the irrelevant object was attenuated.
These two issues were addressed in Experiment 2.

EXPERIMENT 2

The purpose of Experiment 2 was to provide converg-
ing evidence for the results of Experiment 1, which indi-
cated that object-based attention might be able to modu-
late the Stroop effect. There were two major changes in the
procedure of Experiment 2, as compared with Experi-
ment 1. First, in Experiment 2, the color of the relevant
object, the color of the irrelevant object, and the color of
the background changed from trial to trial. The task, how-
ever, remained the same: The participants still had to name
the color of the occluding rectangle as quickly as possible
and to ignore the words and the other colors present in the
display. If the constant gray color of the irrelevant objects
in Experiment 1 had affected the results of that experi-
ment, Experiment 2 should reveal different results.

Second, Experiment 2 contained an additional condi-
tion in which the color words appeared in the empty back-
ground (see Figure 1C). Three patterns of results are pos-
sible with respect to the effects of color words in the
background,in comparison with the effects of color words
in the relevant- and the irrelevant-object conditions. First,
color words in the background could have no effects at all.
This outcome is unlikely, because of the results of earlier
studies (e.g., Brown et al., 2002; Gatti & Egeth, 1978).
Second, color words in the background could produce
Stroop effects similar to those of color words in the irrel-
evant object, with color words in the relevant object pro-
ducing even stronger effects. This outcome would suggest
an object-based amplification in the processing of all the
features of an attended perceptual object, as has been pro-
posed by several authors (e.g., Duncan, 1984; Kahneman
& Henik, 1981). Third, color words in the background could
produce effects similar to those of color words in the rele-
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vant object, with color words in the irrelevant object pro-
ducing smaller effects. Such an outcome might also be
taken as evidence for object-based attentional selection.
In this case, however, object-based selection would become
evidentin the attenuation of the processing of the features
of an irrelevant, potentially distracting object.

Method

Participants. Twenty-two new volunteers (14 female), with a mean
age of 24 years, participated in a single-session experiment. The ex-
periment lasted approximately 45 min, and the participants received
DM 12 for attendance.

Apparatus and Stimuli. The apparatus was the same as that in
Experiment 1. The stimuli were like those in Experiment 1, except
for the following changes. First, in addition to the color of the rele-
vant front rectangle, both the color of the irrelevant rear rectangle
and the color of the background also changed from trial to trial.
There were again four possible colors (blue, green, red, or yellow).
However, in each display, the rectangles and the background had dif-
ferent colors. Thus, the colors of the irrelevant object and the back-
ground were always incongruent with respect to the to-be-named
color of the relevant object. Moreover, an incongruent color word
was incongruent with each of the three colors present in the display,
whereas a congruent color word was congruent with the color of the
relevant object but incongruent with the colors of the irrelevant ob-
ject and the background.

Second, in addition to the relevant-object and the irrelevant-object
conditions, there was a third condition in which two (identical)
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words appeared in the background. In this case, the words appeared
to the lower left and the upper right or to the upper left and the lower
right of the two rectangles, respectively (see Figure 1C for an ex-
ample). As in Experiment 1, the distance of the words from the fix-
ation point was the same across the object conditions. Because of
adding the words-in-the-background condition, the sizes of the rec-
tangles and the distances between the words and the fixation point
had to be increased, in comparison with Experiment 1. Thus, viewed
from a distance of 80 cm, the short side of the rectangles subtended
1.4°, and the long side subtended 3.9°. The distance between the fix-
ation point and the center of a word was 1.4° in each condition.

Procedure and Design. The procedure was the same as that in Ex-
periment 1. The experiment was again run in participant-paced
blocks of 10 trials each. The design was also the same as that in Ex-
periment 1, except that there was an additional level of the factor ob-
ject condition (words appearing in the background). This modifica-
tion led to a 3 (object condition) X 3 (congruency) within-subjects
design. The levels of these two factors, as well as the color and the
orientation of the front rectangle, varied randomly from trial to trial.
The participants were presented with 48 trials for each of the nine
experimental conditions, resulting in a total of 432 trials. The last
block contained 12 trials instead of 10.

Results

Response times. For each participant, we first removed
all vocal RTs exceeding three standard deviations from the
mean. Across participants, RTs < 163 msec (0.08%) and
RTs > 1,053 msec (1.44%) were excluded from further
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Figure 3. Experiment 2: mean color-naming response times (upper panel)
and mean percentages of errors (lower panel) as a function of distractor type
and object condition (V = 22; error bars are standard errors between the par-
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analyses. The mean RT values (upper panel) and error per-
centages (lower panel) for each of the nine conditions are
presented in Figure 3.

RTs were entered into a 3 (congruency) X 3 (object con-
dition) ANOVA. RTs were shortest for congruent words
(566 msec), intermediate for neutral words (591 msec),
and longest for incongruent words [648 msec; F(2,42) =
81.24, MS, = 1,415.7, p < .001]. Moreover, RTs were
longer when the words appeared in the relevant object
(610 msec) than when they appeared in the irrelevant ob-
ject (596 msec) or in the background [600 msec; F(2,42) =
10.50, MS, = 308.7, p < .001]. An additional one-way
ANOVA on the neutral conditions showed no effect of
where the letter strings had appeared [F(2,42) = 2.06,
MS, = 222.1,p = .14]. Most important, however, the in-
teraction between congruency and object condition was
significant [F(4,84) = 18.95, MS, = 470.7, p < .001].

Facilitation and interference scores in RTs were com-
puted for the three object conditions and were compared.
Congruent words in the relevant object produced more fa-
cilitation (—39 msec) than did congruent words in the ir-
relevant object (—17 msec; p < .05) and congruent words
in the background (—18 msec; p < .05). The latter two
conditions did not differ (p > .90). Similarly, incongru-
ent words in the relevant object (80 msec) produced more
interference than did incongruent words in the irrelevant
object (35 msec; p < .001) and incongruent words in the
background (56 msec; p < .05). The latter two conditions
did not differ (p > .10).

Errors. Error percentages (see lower panel of Figure 3)
were also entered into a 3 (congruency) X 3 (object con-
dition) ANOVA. The results were similar to those of the
RT analysis. Error percentages were lowest for congruent
words (1.5%), intermediate for neutral words (2.3%), and
highest for incongruent words [5.3%; F(2,42) = 6.57,
MS, = 39.1, p < .01]. Moreover, error percentages were
higher when the words appeared in the relevant object (4.3 %)
than when they appeared in the irrelevant object (2.4%) or
in the background [2.5%; F(2,42) = 8.03,MS, = 9.8,p <
.01]. Mostimportant, the interaction between congruency
and object condition was also significant [F(4,84) = 7.15,
MS,=9.3,p <.001].

Congruent words in the relevant object produced more
facilitation (—1.7%) than did congruent words in the ir-
relevant object (0.7%; p < .05), but not more than did con-
gruent words in the background (—1.4%; p > .90). The
latter two conditionsdid not differ ( p > .10). Incongruent
words in the relevant object (5.5%) failed to produce more
interference than did incongruent words in the irrelevant
object (1.3%;p > .10), but the former condition produced
more interference than did incongruent words in the back-
ground (2.0%; p < .05). Again, interference scores for the
irrelevant object and the background did not differ (p >
.90).

Discussion
Experiment 2 revealed three major results. The first re-
sult was that irrelevant color words affected the ease of

naming the color of a rectangular object whether the words
appeared in the relevant object, the irrelevant object, or
the background. In each of these conditions, there was
both significant facilitation from congruent words and
significant interference from incongruent words. This re-
sult is consistent with previous studies and confirms the
difficulty of ignoring color words in the Stroop task.

The second major result of Experiment 2 was that both
Stroop facilitation and Stroop interference were signifi-
cantly larger, at leastin RTs, when the congruent or the in-
congruentcolor words appeared in the relevant object than
when they appeared in the irrelevant object. Thus, the re-
sults of Experiment 2 perfectly replicated the results of
Experiment 1, despite several methodological differences.
One such difference was that the irrelevant object changed
its color from trial to trial in Experiment 2, but not in Ex-
periment 1. This result confirms our hypothesis that
object-based selection is effective in the Stroop task.

The third major result of Experiment 2 was that color
words in the relevant object produced more facilitation
and more interference, at least in RT's, than did color words
that appeared in the background. Moreover, color words in
the irrelevant object and color words in the background
produced similar Stroop effects. These observations sug-
gest that object-based attentional selection amplifies the
processing of all the features of the relevant object. How-
ever, before these conclusions can be accepted, an alter-
native explanation for the larger Stroop effects in the
relevant-objectconditions of Experiments 1 and 2 must be
tested.

EXPERIMENT 3

The aim of Experiment 3 was to differentiate between
two explanations for the main result of Experiments 1 and
2—the larger Stroop effects in the relevant-object condi-
tion than in the irrelevant-object condition. Note that in
Experiments 1 and 2, the relevant object was also the ob-
ject that appeared closer in depth to the observer than did
the irrelevant object, because the former object partially
occluded the latter object. Therefore, there are two expla-
nations for the larger Stroop effects in the relevant-object
condition. According to the relevant-object account, color
words are more effective when they are part of the relevant
object, because attentional selection of the relevant object
amplifies processing of all its features. In contrast, ac-
cording to the nearer-object account, color words are more
effective when they are part of the object that appears to
be closer to the observer, because of an attentional gradi-
ent in depth (Downing & Pinker, 1985).

Several studies have revealed evidence that participants
can focus attention on a particular depth plane when depth
is defined by binocular disparity (e.g., Andersen, 1990;
Theeuwes, Atchley, & Kramer, 1998). In Theeuwesetal.’s
study, participants were faster to detect and process a tar-
get element among distractor stimuli when the target ele-
ment appeared in the validly cued depth plane than when
it appeared in the invalidly cued depth plane. Moreover,
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Andersen observed that response-incompatible stimuli
presented at a different depth plane than the target still in-
terfered with target processing. Most important for the
present study, however, was Andersen’s observation that
response-incompatible distractors produced less interfer-
ence when they appeared closer to the observer than the
target, as compared with distractors that appeared at the
same depth plane as the target.

In Experiment 3, the same displays were used as in Ex-
periment 2, but the instruction was changed. The partici-
pants had to name the color of the occluded objectas quickly
as possible. Thus, in contrast to Experiments 1 and 2, the
relevant object appeared to be farther away than the irrel-
evant object. The predictions are clear. If the larger effects
in the relevant-object conditions of Experiments 1 and 2
were due to object relevance, interference should also be
largest in the relevant-object condition of Experiment 3.
If, however, the larger effects were due to perceived dis-
tance, interference should be largest in the irrelevant-
object condition of Experiment 3.

Another change in Experiment 3 concerned the dis-
tractor stimuli. In Experiments 1 and 2, the color words
were congruent with the color of the relevant objectin one
third of the trials. There is evidence that the presence of
congruenttrials in the Stroop task might lead participants
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to divide their attention over the two stimulus dimensions
(color and word meaning), at least on some trials (e.g.,
Logan, Zbrodoff, & Williamson, 1984; Lowe & Mitterer,
1982). Because the task of naming the correct color in our
experiments was difficult, it is possible that the partici-
pants sometimes attended to the color word, which pro-
vides the correct answer on one third of the trials and im-
pairs performance only on one third of the trials. Such a
strategy might be related to our observation of a larger ef-
fect of color words in the relevant object. To test whether
the presence of congruent stimuli in Experiments 1 and 2
had an effect, there were no congruent trials in Experi-
ment 3.

Method

Participants. Twenty-one new volunteers (13 female), with a
mean age of 24 years, participated in a single-session experiment.
The experiment lasted approximately 45 min, and the participants
received DM 12 for attendance.

Apparatus and Stimuli. The apparatus and stimuli were the same
as those in Experiment 2 (see Figure 1C for an example stimulus),
except that the words were never congruent to the color of the rele-
vant rectangle and there were twice as many incongruent trials as
neutral trials.

Procedure. The procedure in Experiment 3 was the same as that
in Experiment 2; only the instructions were changed. Instead of
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being required to name the color of the front rectangle, the partici-
pants were instructed to name the color of the rear rectangle.

Design. The design was the same as that in Experiment 2, except
that there was no congruent condition, resulting in a 3 (object con-
dition) X 2 (congruency) within-subjects design. The levels of these
two factors, as well as the color and the orientation of the relevant
rear rectangle, varied randomly from trial to trial. The participants
were presented with 48 trials for each neutral condition and with 96
trials for each incongruent condition. The total number of trials was
432. The last block contained 12 trials instead of 10.

Results

Response times. Vocal RTs exceeding three standard de-
viations from the mean were removed. Across partici-
pants, RTs < 162 msec (0.08%) and RTs > 1,285 msec
(1.34%) were excluded from further analyses. The mean
RT values (upper panel) and error percentages (lower panel)
for each of the six conditions are presented in Figure 4.

RTs were entered into a 2 (congruency) X 3 (object con-
dition) ANOVA. RTs were longer for incongruent words
(731 msec) than for neutral words [684 msec; F(1,20) =
63.4,MS, =1,093.5,p <.001]. Moreover, RTs were longer
when the words appeared in the relevant object (734 msec)
than when they appeared in the irrelevant object (691 msec)
or in the background [700 msec; F(2,40) = 28.47,MS, =
722.4,p < .001]. The affiliation of letter strings also had
an effect on RTs in neutral conditions only [F(2,40) =
6.20, MS, = 579.8, p < .01]. Most important, however,
the interaction between congruency and object condition
was significant[F(2,40) = 10.23,MS, = 489.2,p < .001].

For each object condition, interference scores were com-
puted from RTs. Incongruent words in the relevant object
(72 msec) produced more interference than did incongru-
ent words in the irrelevant object (40 msec; p < .05) and
incongruent words in the background (30 msec; p < .01).
The latter two conditions did not differ (p > .30).

Errors. Error percentages (see the lower panel of Fig-
ure 4) were also entered into a 2 (congruency) X 3 (object
condition) ANOVA. The results were similar to those of the
RT analysis. Error percentages were larger for incongru-
ent words (4.9%) than for neutral words [3.3%; F(1,20) =
14.15,MS, = 5.5, p < .01]. Moreover, error percentages
were larger when the words appeared in the relevant object
(5.2%) than when they appeared in the irrelevant object
(3.9%) or in the background [3.3%; F(2,40) = 8.33,
MS, =4.8,p < .01]. The interaction between congruency
and object condition was also significant [F(2,40) = 7.58,
MS,=4.1,p < .01].

For each object condition, interference scores were com-
puted from error percentages. Incongruent words in the
relevant object (3.4%) produced more interference than
did incongruent words in the irrelevant object (0.3%; p <
.05) and incongruentwords in the background (1.2%; p <
.05). The latter two conditions did not differ (p > .40).

Discussion

The results of Experiment 3 support the relevant-object
accountand refute the nearer-objectaccount. Incongruent
color words in the relevant object interfered more strongly

with color-naming performance than did incongruent
color words in the irrelevant object, although occlusion
produced the impression that the relevant object was more
distant from the observer than the irrelevant object. More-
over, incongruent color words in the background, which
might be perceived as being most distant from the ob-
server, produced as much interference as did incongruent
color words in the irrelevant occluding object, which
might be perceived as being closest to the observer. Thus,
independentof their apparent position in depth, words that
belongto the task-relevant object more strongly affect per-
formance than do words that belong to an irrelevant object
or words that appear in the background. Together, the re-
sults support the conclusion that attention selects the rel-
evant object from the display and this selection amplifies
processing of all the features of the attended object (Dun-
can, 1984; Kahneman & Henik, 1981).

In contrast to Experiments 1 and 2, Experiment 3 con-
tained no congruent conditions, and the percentage of in-
congruent trials (67%) was twice as large as the percent-
age of neutral trials (33%). This was done to discourage
the participants from paying attention to the color words,
which might have happened in Experiments 1 and 2. De-
spite this difference, the results in Experiment 3 were very
similar to the results from the incongruent condition in
Experiment 2. This similarity suggests that amplified pro-
cessing of the (incongruent) color words, when they are
part of the attended relevant object, is hard to avoid.

GENERAL DISCUSSION

In this study, we investigated whether object-based
mechanisms of input selection can modulate the Stroop
effect. The participants saw two overlapping colored rec-
tangles presented at screen center (see Figure 1). The task
was to name the color of one of the rectangles—for ex-
ample, the rectangle that was in front of the other—and to
ignore everythingelse. Congruent, neutral, or incongruent
color words appeared as parts of the relevant object, as
parts of the irrelevant object, or in the background. How-
ever, the distance between the words and the fixation point
was identicalin each condition. The question was whether
congruent and/or incongruent color words in the relevant
object would produce larger Stroop effects than would color
words in the irrelevant object or in the background.

Four major results were observed. First, color words pro-
duced Stroop effects in each condition—that is, regardless
of whether they occurred as parts of the relevant object, as
parts of the irrelevant object, or in the background. This
result agrees with those of previous studies and demon-
strates that color words are hard to ignore in the Stroop
task. Second, congruent words produced more facilita-
tion, and incongruent words produced more interference,
when they appeared as parts of the relevant object. In fact,
Stroop effects were approximately twice as large in this con-
dition as in the remaining conditions. We interpret this re-
sult as a consequence of object-based input selection.
Third, words in the irrelevant object and in the background
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produced similar Stroop effects. This result suggests that
the effect of object-based selection mainly is to amplify
the processing of the features of the selected object, rather
than to attenuate the processing of irrelevant objects. Fourth,
the increased Stroop effects in the relevant-object condi-
tion occurred whether the relevant object occluded the ir-
relevant object or vice versa. Thus, these effects were de-
termined by the task relevance of an object, and not by its
apparent relative distance in depth.

The most important result of the present study is that
both Stroop facilitation and Stroop interference were sig-
nificantly larger when the congruent or the incongruent
words were part of the relevant object. This observation
supports the conclusions (1) that object-based input se-
lection can modulate the Stroop effect to a significant de-
gree and (2) that object-based input selection is associated
with amplification in the processing of all of the features
of the selected object (Duncan, 1984; Kahneman & Henik,
1981). The amplification in the processing of irrelevant
features of a selected object increases benefits if the irrel-
evant features are response congruent and increases costs
if the irrelevant features are response incongruent.

The present study adds to existing knowledge about the
conditionsthat will increase or decrease the Stroop effect.
However, the study providesno clues about the sources of
facilitation and interference and does also not tell us how
the cognitive system solves the problems imposed by in-
congruent stimuli. Most probably, the main problems in
the Stroop task do not arise at the level of input selection,
but at the level of dimensional selection (cf. Melara &
Mounts, 1993) and the level of response selection (cf. Lu
& Proctor, 1995). However, mechanisms of input selec-
tion are clearly able to modulate the size of the problems
that arise at the latter two stages of processing.

Integrated Versus Separated Stroop Tasks

An important question concerning the Stroop effect re-
lates to the nature of the differences between the integrated
and the separated versions of the Stroop task (MacLeod,
1991, 1998). To what extent does the degree of melding of
the two dimensions influence the extent of facilitation and
interference? This question must be addressed in order to
be able to compare different versions of the Stroop task
meaningfully, such as the (integrated) color—word task
and the (separated) picture—word task (Glaser & Diingel-
hoff, 1984).

Previous studies have shown that integrated Stroop
tasks produce more interference than do separated tasks
(e.g., Kahneman & Henik, 1981; MacLeod, 1998). Un-
fortunately, in these studies, variations in task type were
correlated with variations in the spatial distance between
color and word. Because an increase in spatial distance
per se can reduce the Stroop effect (e.g., Gatti & Egeth,
1978), it is not clear whether larger Stroop effects in inte-
grated tasks, as compared with separated tasks, only re-
flect quantitative differences in spatial distance, which
might be related to gradients in visual acuity or gradients
of spatial attention. Alternatively, larger Stroop effects in
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integrated tasks, as compared with separated tasks, might
reflect qualitatively different processing of features of a
relevant object, as compared with processing of features
of an irrelevant object.

The results of the present study seem to support the sec-
ond hypothesis. Our condition in which words appeared in
the relevant object resembles an integrated task, whereas
our conditions in which words appeared in the irrelevant
object or in the background resemble separated tasks. We
found larger Stroop effects in our integrated condition
than in our separated conditions, and we interpret this re-
sult as evidence for the hypothesisthat processing in inte-
grated Stroop tasks is qualitatively different from pro-
cessing in separated tasks. In the case of our separated tasks,
irrelevant words could not be ignored because they fell
within the focus of spatial attention or because their recog-
nition was highly practiced. In the case of our integrated
task, processing of the words was amplified because they
belonged to the task-relevant (i.e., selected) object.

In the introduction, we argued that many of the prob-
lems a perceiver-actor is faced with in our normal envi-
ronment also occur in the Stroop task. These problems in-
volve input selection, dimensional or analyzer selection,
and response selection. Most of the previous studies have
focused on the latter two problems, whereas input selec-
tion was considered to play a minor role in the Stroop task
(e.g., Shalev & Algom, 2000). The results of the present
study, however, suggest that object-based input selection
plays an importantrole, at least in integrated Stroop tasks.
This implies that, to develop a complete understanding of
the Stroop effect, each of the three problems just described
has to be considered.
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