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Selective attention allows one to process only a subset
of the information available from the environment. The
Stroop and flanker tasks have long been used in the study
of visual selective attention (Eriksen & Eriksen, 1974;
MacLeod, 1991; Stroop, 1935). In both conflict tasks, the
failure of selective attention has repeatedly been demon-
strated by the fact that the irrelevant and supposedly ig-
nored dimensionsof stimuli influence performance. Thus,
it takes longer to name a word’s color when the word is in-
congruent(e.g., the word red written in the color green) than
when the word is congruent (e.g., the word green written
in the color green). Likewise, by presenting distractor
stimuli such as letters connotingan opposite response in a
choice reaction task, the identification of a target letter is
slowed relative to letters identical to the target. In both
cases, the effect of the irrelevant dimension or stimuli is
termed the congruency effect (MacLeod, 1991).

The Stroop flanker task (Henik, Ro, Merrill, Rafal, &
Safadi, 1999) combined the two tasks. In the Stroop flanker
task, a color target presented at the center of fixation is
flanked to the left or right by a Stroop stimulus (see Figure 1
for examples).Henik et al. examinedthe effect of the flanker
word and that of the flanker color on the central color target.
The first effect is consistent with the Stroop congruency
effect when the irrelevant word is spatially separated from
the color (Dyer, 1973;Gatti & Egeth,1978;MacLeod,1998;
Merikle & Gorewich, 1979). The second effect is consis-
tent with the flanker congruency effect when both the tar-
get and distractor are colors (Haagenaar & van der Heij-
den, 1986; La Heij, Helaha, & van den Hof, 1993).

In a somewhat different paradigm also used in the study
of selective attention, the Garner interference occurring
during speeded classification has been examined (Garner,
1974;Garner & Felfoldy, 1970;Pomerantz,1986).Typically,
participants respond to the identity of a relevant dimen-
sion while ignoring an irrelevant one, as in conflict tasks.
The performance at baseline, at which the irrelevant di-
mension is held constant, is compared with performance
in a filtering condition, in which the irrelevant dimension
is varied orthogonally (as is usually the case in the Stroop
and flanker tasks). The Garner interference, pointing to a
failure in selective attention, is said to occur when perfor-
mance in the filtering conditionis significantlyworse than
that at baseline.For example, the identification of whether
an arrow is pointingup or down is faster when the position
of the arrow, which is irrelevant, remains the same as com-
pared with when it randomly changes from trial to trial
(Clark & Brownell, 1976). This paradigm was first used to
study the relations between dimensions at the perceptual
level (e.g., Garner, 1974; Garner & Felfoldy, 1970). In re-
cent years, however, several authors have used the Garner
task to examine the relations between dimensions com-
monly used in Stroop-like tasks, relating information pro-
cessing at other stages such as the semantic or response
identification stages (Ben-Artzi & Marks, 1999; Melara
& Marks, 1990a, 1990b; Melara & Mounts, 1993; Pansky
& Algom, 1999).

Although related, congruency effects and Garner inter-
ference appear to demonstrate different aspects of the fail-
ure of selective attention (e.g., Ben-Artzi & Marks, 1999;
Melara & Mounts, 1993). The presence of Garner inter-
ference suggests that the observer has failed to ignore the
variationof the irrelevant dimension.The presence of con-
gruency effects suggests that the observer has failed to ig-
nore the identity of the irrelevant dimension in relation to
the relevant dimension. Unlike the Garner conditions, for
congruency to arise, the irrelevant dimension must have
some degree of dimensionaloverlap (see Kornblum, 1994;
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Two experiments in which the Stroop flanker task was used were conducted in order to examine the
influence of irrelevant dimension invariance on congruency effects. Participants responded manually
to a central color patch flanked by a Stroop stimulus. In Experiment 1, invariance in flanker location
was found to have no influence on word and color congruency effects. In contrast, invariance of flanker
identity led to the disappearance of congruency effects.Experiment 2 indicated that the elimination of
a congruency effect was restricted to the dimension that remained constant and did not influence the
congruency effect of the other dimension that was presented at the same location. Results suggest that
variance is a prerequisite to congruity effects, determining the activation of irrelevant dimensions.
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Kornblum, Hasbroucq, & Osman, 1990;Kornblum& Lee,
1995). Dimensional overlap was defined by Kornblum
and colleagues as “the degree to which relevant and/or ir-
relevant stimulus sets are perceptually, conceptually, or
structurally similar to the response set in the task and/or to
each other” (Kornblum & Lee, 1995, p. 855; see also Korn-
blum, 1994; Kornblum, Stevens, & Requin, 1999). This
means that when two dimensions are combined in a con-
flict task, at least one must be congruent or incongruent to
allow for a measure of congruity. In contrast, Garner in-
terference can be computed for any two dimensions com-
bined,even if they cannotbe congruentor incongruentwith
each other (i.e., there is no dimensional overlap between
them). Color and spatial position provide an example of
two dimensionswith no overlap. There is no apparent con-
gruity between the dimensions in the sense that red and
left are neither more nor less congruent than red and right.

Many studies measuring Garner interference that have
examined the relations between dimensionsusing Stroop-
like tasks have also measured congruency effects in both
the baseline and filtering conditions.As a rule, a large and
consistent congruency effect is found in the filtering con-
dition. The congruency effect in the baseline condition is
typicallyeitherquite small or completelyabsent.These stud-
ies suggest that varianceof the irrelevantdimensionsmight
be a necessary condition for the emergence of congruency
effects (Algom, Dekel, & Pansky, 1996; Melara & Marks,
1990b; Sabri, Melara, & Algom, 2001). Unlike these pre-
vious studies in which the Garner task has been used, we
hoped to use a novel paradigm with several irrelevant di-
mensions presented simultaneously that were not spatially
integrated with the target, but were integrated with each
other. This allowed us to use a distractor of the same di-
mension as the target and to compare the effects of varia-
tion in each irrelevant dimension within the same display
(see also Ben-Artzi & Marks, 1999).

In the Stroop flanker paradigm presented above, there
are three irrelevantdimensions:flanker word, flanker color,
and flanker position. One may question the influence of

variance in each of these dimensions on congruency ef-
fects and on the overall performance such as general re-
action time (RT). There are several differences between
the present study and those that have examined Garner in-
terference. First, in this study, the irrelevant flanker di-
mensions were spatially separated from the target stimu-
lus. Second, there are several irrelevant dimensionsinstead
of a singleone (see also Ben-Artzi & Marks, 1999).Finally,
in order to avoidstrategic influences, the different baseline-
like conditionsas well as the filtering-like conditionwere
performed by different groups of participants. These dif-
ferences precluded the examinationof a “true” Garner in-
terference within the present paradigm. Since our main
concern was the effect of the variance of the irrelevant di-
mensions on the congruency effects, this does not pose a
serious problem.

EXPERIMENT 1

Three irrelevant attributes in the Stroop flanker task can
be categorized into two types of dimensions: identity
(flanker word and color) and location (flanker position).
In Experiment 1, we hoped to determine whether location
uncertainty of the irrelevant flanker affects performance
in the same way as identityuncertainty. In otherwords, how
does variance in flanker location and variance in flanker
identity influence performance.1 One condition of the ex-
periment constituted varied flanker location and invariant
flanker identity. A second condition constituted varied
flanker identity and invariant flanker location. In a third
condition,both identity and location were varied (see Fig-
ure 1 for examples of stimuli in the different conditions).
Since different studies used different terms in order to
convey similar concepts, the term variance in flanker lo-
cation and identity will be interchangeable with the term
uncertainty of flanker location and identity.

In several studies, the importance of location uncer-
tainty has been examined in the context of the Stroop and
flanker tasks (Glaser & Glaser, 1982; La Heij et al., 1993;

Flanker identity invariant
and location uncertain

Flanker location invariant
and identity uncertain

Flanker identity and
location uncertain

(in red) (in green) (in red) (in green) (in red) (in green)

(in green) (in red) (in red) (in red) (in red) (in red)

Figure1. Two possible examples from the same block in each condition. In each example, the red square is displayed
at central fixation, with the flanker to the left or right. The examples include only targets in red (words in italics
designate the color of the stimulus). The examples are not exhaustive of all the possible stimuli in a condition. The
stimuli presented are only approximations and do not accurately portray the actual relative size of the stimuli (see
the Procedure section for more details).
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Miller, 1991, Experiment 3; Underwood, 1976). However,
these studies varied the location of both target and dis-
tractor and compared performance with performance
under a condition in which both stimuli were presented in
constant locations. All these studies have found that the
congruency effects were larger when location was uncer-
tain. Furthermore, these researchers were concerned with
the effect of location uncertainty of the target alone and
did not consider the possible contribution of the location
uncertainty of the distractor (see also Paquet & Lortie,
1990). However, it is possible that location uncertainty of
the distractor also contributed to the failure of selective
attention and to the congruency effect. It seems plausible
that when central target location is known and the flanker
continuallyappears at the same location, participants will
find it easier to selectively ignore the flanker than when
the flanker appears at different locations.

There is a different way in which location uncertainty
can be viewed within the present paradigm. Location can
be viewed as a dimensionof equal standing with color and
word. In contrast to the two flanker dimensions, there is no
apparent dimensional overlap between target color and
flanker location (as was explainedpreviously). Hence, we
would not expect location uncertainty to influence con-
gruency effects.

Method
Participants. Forty-eight students participated in the experiment

for course credit. All had normal or corrected-to-normal visual acu-
ity and color vision, Hebrew was their native language, and none
had previous experience in Stroop tasks. The participants were as-
signed randomly to three groups of 16 participants each.

Apparatus. An IBM-compatible 286 computer with a 14-in. VGA
monitor controlled the experiment. Manual responses were collected
using a key-activated relay interfaced with a clock card with mil-
lisecond precision.

Stimuli and Procedure. The participants were tested individu-
ally and were instructed to respond to the central target and to ignore
the irrelevant flanker (they were not told about the possible changes
to the flanker). Speed and accuracy were emphasized equally. The
participants were seated approximately 60 cm from the screen. Each
stimulus was composed of a central square color (1 ´ 1 cm) flanked
by a word (0.9 ´ 2.5 cm) in color. The target and flanker could be
colored either red or green, and the flanker word could be either the
word red or the word green in Hebrew (both consist of four letters).
The flanker could appear to the left or right of the target (0.5 cm be-
tween the nearest edge of the flanker and the edge of the target).
Therefore, the flanker word could be either incongruent (i.e., flanker
word green and a red target) or congruent (i.e., flanker word red and
a red target). Flanker color could also be incongruent or congruent
with the central target color.

In each trial, a fixation cross appeared for 500 msec and was im-
mediately followed by the presentation of the target and the flanker.
The target and the flanker remained in view until the participant’s
keypress. The following trial began 2,500 msec after the onset of the
response to the target. Error trials were repeated between the 3rd and
10th trial following the error. All participants completed four blocks
of 80 trials each. The first two groups were given 16 practice trials
before each block, whereas for the third group, 16 practice trials be-
fore the first block were considered to be sufficient.

In the first group, flanker identity was held constant within a
block, and the flanker location was varied randomly between the left
and right side of the target. Thus, both flanker word and color were
kept constant within each block. For half the participants in this con-
dition, the flanker word was compatible with the flanker color for the
first two blocks and was incompatible for the last two blocks. The
order was reversed for the other half of the participants. For the sec-
ond group, flanker location was held constant within a block, and the
flanker identity was varied randomly. For half the participants in this
condition, the flanker was always presented to the right in the first
two blocks and to the left in the last two blocks. The order was re-
versed for the other half of the participants. For the third group, both
flanker identity and flanker location were varied independently
within each block.

Results and Discussion
For each participantmean RT in each conditionwas com-

puted for the correct responses. These means were sub-
jected to a three-way analysis of variance (ANOVA). The
between-subjects variable was dimensional uncertainty
(location invariant, identity invariant, or all dimensions
uncertain), and the within-subjectsvariables were the con-
gruency of flanker word and flanker color. Error rates
were low (1.8%) and were not analyzed.The analysisof RTs
indicated main effects of flanker word [F(1,45) = 33.59,
MSe = 456.11, p < .001] and color [F(1,45) = 13.0, MSe =
577.6, p < .001]. Incongruent words yielded longer RTs
(500 msec) than did congruent words (482 msec), and the
same patternwas found for flankercolor (497 vs. 484 msec,
for incongruent and congruent colors, respectively).

There was an interaction between dimensional uncer-
tainty and word [F(2,45) = 10.32,MSe = 456.11, p < .001]
and between dimensionaluncertainty and color [F(2,45) =
4.03, MSe = 577.6, p < .05]. Both interactions are pre-
sented in Table 1. Additional comparisons indicated that
the word and color congruency effects were not signifi-
cant for the identity invariant (location uncertain) group
(for both, F < 1). The pattern and magnitude of the effects
did not differ between the remaining two groups of loca-
tion invariant and all dimensions uncertain (F < 1, for all
comparisons). In the location invariant and all dimensions
uncertain groups, the color and word effects were signifi-

Table 1
Mean Reaction Times (in Milliseconds) According to Flanker Word and Flanker Color Attributes

for the Three Conditions of Variance

Flanker Word Flanker Color

Group Incongruent Congruent Congruency Effect Incongruent Congruent Congruency Effect

Identity invariant/location uncertain 446 448 -2 446 448 -2
Location invariant/identity uncertain 506 480 26* 503 484 19*
Location and identity uncertain 547 518 29* 543 522 19*

*p < .001.
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cant [F(1,45) = 53.85,MSe = 456.1,p < .001, and F(1,45) =
20.96, MSe = 577.6, p < .001 for word and color effects,
respectively]. No other interactions approached signifi-
cance.

The main effect of dimensional uncertainty was mar-
ginally significant [F(1,45) = 2.91, MSe = 40,374.1, p <
.065]. Despite the fact that this effect did not reach signif-
icance, owing to its theoretical importance concerning
Garner interference, an analysis of planned comparisons
was conducted. It was found that the identity invariant
group responded significantly faster (447 msec) than the
all dimensions uncertain group (533 msec) [F(1,45) =
5.82, MSe = 40,374.1,p < .05]. Furthermore, an additional
comparison between the identity invariant group and the
other two groups was also significant [F(1,45) = 4.61,
MSe = 40,374.1,p < .05]. However, responses of the loca-
tion invariantgroup (493 msec) did not differ significantly
when compared with the all dimensions uncertain group
(F < 1). Although these results cannot be considered to be
Garner interference, it seems that the invariance in iden-
tity of the flanker led to significantly faster responses re-
gardless of the particular identity. In contrast, invariance
in flanker location did not result in a significant decrease
in response latencies compared with the all dimensions
varied condition.

The present findings indicate that congruency effects
occurredwhen flanker identityvaried and were absentwhen
flanker identitywas invariant.The sizes of the congruency
effects are comparable with those found in Henik et al.
(1999). Unlike variance in flanker identity, variance in
flanker location did not modulate the presence of congru-
ency effects. Thus, even if the participants did not know
where the flanker would appear, they could effectively ig-
nore it when its identity remained constant. This last ob-
servation also indicated that even though previous studies
concerned with target location uncertainty had not con-
trolled for flanker location uncertainty, this did not affect
their conclusions (Glaser & Glaser, 1982; La Heij et al.,
1993; Miller, 1991; Underwood, 1976).

EXPERIMENT 2

The purpose of Experiment 2 was to examine in greater
detail the influence of identity uncertainty of the flanker.
The irrelevant stimulus in the Stroop flanker task has two
attributes: word and color. Each of the attributes can be
kept constant or can be varied independently from the
other. Is it possible to note the variance in one attribute
and be influenced by that attribute (e.g., word), while at
the same time managing to completely ignore another at-
tribute (e.g., color)? Alternatively, does the variance in
one feature call attention to the stimulus as a whole (Kah-
neman & Henik, 1981), thereby leading to more compre-
hensive processing even of those features that are held
constant? If this alternative is correct, this would mean
that once selective attention has failed in a certain spatial
location or object, owing to the uncertaintyof a particular

attribute, all other attributes in that location or object will
be processed regardless of their variance. A different but
related issue is whether the attribute that remains constant
leads to a reduced flanker effect of the attribute that is var-
ied. It is possible that attributes that remain invariant lead
to inhibitory attentional processes or simply to habitua-
tion of all attributes in the same spatial location. Such
processes could lead to less efficient processing of all the
attributes at that location.

Method
Participants. Thirty-two students participated in the experiment

for course credit. All had normal or corrected-to-normal visual acu-
ity and color vision, Hebrew was their native language, and none
had previous experience in Stroop tasks. The participants were as-
signed randomly to two groups of 16.

Apparatus. The apparatus was identical to that in Experiment 1.
Stimuli and Procedure. The stimuli used were the same as those

in Experiment 1. Two groups of 16 participants completed four blocks
of 80 trials each. The procedure was the same as that in Experi-
ment 1, with the exception that the flanker attributes were held con-
stant within each block. Flanker side was varied randomly within
each block for all groups in this experiment. Half of the participants
in the first group performed two blocks in which flanker word was
held constant within a block (but changed between blocks), followed
by two blocks in which flanker color was held constant within a
block. The other half completed the tasks in the opposite order. For
the second group, both flanker word and flanker color were varied
independently within each block (replicating the all dimensions un-
certain group of Experiment 1).

Results and Discussion
The analysis was conducted in two parts. Initially, only

the first group was analyzed in order to examine the ef-
fects of varying one of the flanker attributes while keep-
ing the other constant.However, even if congruencyeffects
were to be found, one could ask whether they were of the
same magnitude as those that would be found by varying
both attributes independently.Therefore, a second analy-
sis included both experimental groups.

The first analysis was carried out on the data from only
the first group, in which either flanker attribute was var-
ied.A three-way repeatedmeasuresANOVA was conducted
on correct response times. The three within-subjects vari-
ables were attribute invariance (word and color) and the
congruency of flanker word and flanker color. Error rates
were low (less than 1%) and were not analyzed. The main
effect of flanker word was significant [F(1,15) = 9.65,
MSe = 226.6,p < .01], as was that of flanker color [F(1,15) =
7.8, MSe = 401.17, p < .05]. The participants responded
more slowly when the flanker word was incongruent
(443 msec) than when it was congruent (435 msec) and
more slowly when the flanker color was incongruent
(444 msec) than when it was congruent (434 msec).

Furthermore, there were two-way interactions between
attribute uncertainty and word [F(1,15) = 5.11, MSe =
278.3,p < .05]and attributeuncertaintyand color [F(1,15) =
11.2, MSe = 282.82, p < .01]. The corresponding means
are shown in Table 2. Analyses of simple effects indicated
that flanker word influenced responseswhen it was the un-
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certain attribute [F(1,15) = 13.49, MSe = 264.63, p < .01],
but not when it remained constant (F < 1). The same pat-
tern was found for flanker color, which influenced re-
sponses when it was the uncertain attribute [F(1,15) =
22.94, MSe = 274.62, p < .001], but it had no effect when
it remained constant (F < 1). Therefore, when one of the
attributes was varied and one was kept constant, only the
attribute that varied led to a congruency effect. Despite
processing information’s coming from the same spatial lo-
cation, the participantswere able to ignore an invariant at-
tribute to a degree that it had no effect on performance.

Finally, an interaction between flanker word and color
was found [F(1,15) = 5.56, MSe = 378.39, p < .05] (see
Table 3). Additional comparisons suggested that re-
sponses were faster when the flanker contained both a
congruent word and color [F(1,15) = 5.56, MSe = 378.4,
p < .05]. The presence of only one incongruent attribute
was enough to slow down performance. Furthermore,
when both flanker attributeswere incongruent, this did not
lead to a longer response relative to when only one of them
was incongruent.

The second analysis compared the data of the f irst
group, in which either flanker attribute was varied, with
that of the second group, in which both flanker attributes
were varied. The aim was to examine whether the flanker
attribute that was kept constant influenced the processing
of the attribute that was uncertain for that block. Since in
the second group, the two flanker attributes varied inde-
pendently, the variable of attribute uncertainty was re-
named block. For the first group, the first block contained
the trials in which the word was uncertain, and the second
block contained the trials in which colorwas uncertain.For
the second group, the attributes were uncertain in both
blocks. The data was subjected to a mixed four-way group
3 block 3 word 3 color (2 3 2 3 2 3 2) ANOVA. There
were main effects of block [F(1,30) = 4.20, MSe = 4,717.0,
p < .05], word [F(1,30) = 19.32, MSe = 860.21, p < .001],
and color [F(1,30) = 19.95, MSe = 963.94, p < .001].2 In
addition, there were two-way interactions between group
and block [F(1,30) = 11.49,MSe = 4,717.0,p < .01] and be-
tween group and word [F(1,30) = 4.59, MSe = 860.21, p <
.05].

Of specific interest were the two three-way interactions
of group, block, and word [F(1,30) = 7.87, MSe = 501.09,
p < .01] and group, block,and color [F(1,30) = 7.89,MSe =
414.63, p < .01]. Further analyses indicated that when the
word was uncertain and the color was invariant in the first
group, the effect of the flanker word was no different from

that of the second group (F < 1). Likewise, when the color
was uncertain and the word was invariant in the first
group, the effect of flanker color was no different from
that of the second group (F < 1). This means that not only
did the attribute that was varied have a congruency effect,
but that the congruency effect was comparable to that ob-
tained when both attributes varied. In other words, this
adds to the impression gained from the earlier analysis
that the invariant attribute had no effect on the processing
of the other attribute. Finally, we compared overall RT to
look for Garner-like interference. Additional analyses
compared RT in the filtering-likecondition (Group 2) and
each block of baseline-like condition (Group 1). No sig-
nificant differences were found for either comparison.

GENERAL DISCUSSION

The results of the two experiments indicate that variance
of an irrelevant dimension is important for congruency ef-
fects to occur (see also, Sabri et al., 2001). This is true
when an irrelevant attribute is of the same dimension as
the target and even when the irrelevant dimensions are
spatially separated from the target. Experiment 1 revealed
that whereas invariance in the identity of a flanking stim-
ulus led to the disappearance of the congruency effects,
invariance in flanker location had no influenceon the con-
gruency effects. Furthermore, a Garner-like interference
effect was found only when comparing the filtering-like
condition (all dimensions uncertain) with the condition in
which identity was kept constant. In Experiment 2, either
flanker word or flanker color remained constant. It was
found that only the congruency effect involving the at-
tribute that remained invariant disappeared. The congru-
ency effect of the other attribute remained the same as in
the condition in which both attributes were varied inde-
pendently. Therefore, the variance or lack of it in one at-
tribute had no effect whatsoever on the congruency effect
of the other attribute. Finally, in contrast to previous re-

Table 2
Mean Reaction Times (in Milliseconds) of Flanker Word and Flanker Color Attributes
for the Two Uncertainty Conditions in the Group Where They Were Varied Separately

Flanker Word Flanker Color

Condition Incongruent Congruent Congruency Effect Incongruent Congruent Congruency Effect

Color invariant/word uncertain 441 426 15* 433 433 0
Word invariant/color uncertain 446 444 2 455 425 20*

*p < .001.

Table 3
Mean Reaction Times (in Milliseconds) of Flanker Word and

Flanker Color for the Group in Which Each was Varied
Separately, Indicating the Interaction Between Them

Flanker Word

Flanker Color Incongruent Congruent

Incongruent 444 444
Congruent 443 426
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sults (Henik et al., 1999), an interaction between flanker
word and flanker color was found.

One result of Experiment 1 seems counterintuitive in
the sense that uncertainty of flanker location had no in-
fluence on the extent of flanker processing. It would have
seemed likely that once the participants knew where the
irrelevant stimulus would appear, they could ignore it
more effectively. Moreover, uncertainty in flanker loca-
tion also did not slow performance significantly. The crit-
ical factor appears to be the uncertainty in location of the
target (Glaser & Glaser, 1982; La Heij et al., 1993;Miller,
1991; Underwood, 1976). Other studies examining the re-
lation of the spatial visual location in the context of the
Garner task, have found that variance in location (or posi-
tion) does influence performance (Baldo, Shimamura, &
Prinzmental, 1998; Clark & Brownell, 1976; Melara &
Marks, 1990a, 1990b).Moreover, these studies treated lo-
cation as a dimension of the same kind as dimensions de-
termining identity (e.g., words, arrows, etc.). A fundamen-
tal difference between these studies and those cited in the
previous paragraph is that the dimension of location had
a large degree of dimensionaloverlap with the relevant di-
mension. Only the two dimensions of identity in the pres-
ent study have dimensional overlap with the target. It is
possible that a certain degree of dimensional overlap is a
prerequisite for a dimension to have a modulating effect.
That is, uncertainty of an irrelevant dimension will exert
its influence only when this dimension overlaps with tar-
get features.

Experiment 2 revealed several interesting findings. Al-
though variance in identity is important in determining the
extent of the congruency effect, it is important only for the
particular dimension involved. The word congruency ef-
fect was not influenced by the invariance in color, as was
the case in the reverse. These findings support the sug-
gestion of Henik et al. (1999) that “unattended flankers
may be disassembled into their attributes”(p. 207) and
may affect attended attributes separately (Treisman &
Gelade, 1980; Treisman & Schmidt, 1982). However,
there was an interactionbetween flanker word and color in
this experiment, indicating that independentprocessingof
the flanker attributes is not as straightforward as may
seem. Ben-Artzi and Marks (1999) using the traditional
Garner task and three different dimensions (pitch, loca-
tion, and word) found that interference from two irrele-
vant dimensions were additive. Thus, two incongruent at-
tributes were worse than one, unlike the present findings.
However, the procedure was quite different since all the
attributes that were varied were spatially integrated, and a
different semantic dimension was used with different di-
mensional overlap between stimuli and responses (high
vs. low) and a different modality (auditory stimuli). Yet, in
keepingwith the present study and with Henik et al.’s con-
clusion, Ben-Artzi and Marks concluded that perfor-
mance depended on the congruency between each of the
irrelevant dimensions and the relevant dimension.

Variance of the irrelevant dimension appears to be a
prerequisite for congruency effects. Perceiving the irrele-
vant dimension is not enough, even when it can potentially

activate the same response codes as the relevant dimen-
sion. MacLeod (1998) suggested that the when the color
and the word are spatially separated, the only factor re-
maining to account for the congruency effect is response
competition. This would imply that in the context of the
present study, in which an irrelevant attribute was invari-
ant, no response competition occurred since there was no
congruency effect. Thus, the results indicate that variance
of the irrelevant dimension leads to response competition.

The results of this study cannot determine unequivo-
cally whether the invariant dimension reached the level of
semantic activation or not, although it was clearly per-
ceived (since the other dimension lead to a congruency ef-
fect). This finding challenges conventional accounts for
the automatic processing of words in conflict tasks (e.g.,
Cohen, Dunbar, & McClelland, 1990; MacLeod, 1991),
which would predict that once attention is allocated to the
flanker word, its meaning and response code would nec-
essarily be activated (see also Besner & Stolz, 1999). It
also challenges the suggestion by Kahneman and Henik
(1981), that once an object is attended (in this case, the
flanker), all its attributes will be processed. The present
results indicate that the task context (i.e., the identity of
the stimuli preceding it) is a crucial factor in the produc-
tion of congruency effects (see Pansky & Algom, 1999;
Sabri et al., 2001, for similar conclusions).

It is uncertain what mechanisms account for the impor-
tance of variance and at what stage of processing they
come into play. Possibly, there is some active suppression
of information pertaining to an invariant dimension. Al-
ternatively, information that remains constant undergoes
some process of habituation3 and cannot gather sufficient
activation that would lead to a congruency effect. This
would be adaptive, since situations in which entities do
not change in the environment should not affect our ac-
tions. Changes in the irrelevant dimensions could either
be informative or could tap into a basic sensitivity to
change. In all likelihood,different dimensions lead to dif-
ferent levels of sensitivity to change. Some dimensions
might require less subjective change than others to influ-
ence performance. Thus, even though considered a failure
of selective attention, it may be in our best interest to
process surrounding irrelevant informationand allow it to
influence our actions, especially when it is constantly
changing.
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NOTES

1. The type of dimensions varied and their number have been con-
founded in this experiment (we thank Robert Melara for pointing this
out). In the identity invariant condition, only one dimension (location)
was varied, whereas in the location invariant condition, two dimensions
(word and color) were varied. The pattern of results suggests that this is
not a problem, since the congruency effects were either absent altogether
(in the identity invariant condition) or of the same magnitude as in the
control task, in which all dimensions were varied (in the location invari-
ant condition).Furthermore, the overall reaction time (RT) complements
the pattern of congruency: When location was invariant, overall RTs did
not significantly differ from the RTs when all dimensions were varied.
If the numberof dimensions, and not their type, determines the congruency
effect and the overall RT, we would expect a smaller congruency effect
and faster RTs in the location invariant condition(in which two dimensions
were varied) as compared with the all dimensions vary condition (in
which three dimensions were varied).

2. The main effects were also found when we analyzed the second
groupalone, replicating the results of the all dimensions uncertain group
in Experiment 1. The first block (513 msec) was slower than the second
block (466 msec) [F(1,15) = 10.3, MSe = 6,742.6, p < .01]. Responses
were slower for incongruent words (502 msec) relative to congruent
words (478 msec) and were slower for incongruent colors (502 msec)
relative to congruent colors (477 msec) [F(1,15) = 12.3, MSe = 1,493.8,
p < .01, and F(1,15) = 12.9, MSe = 1,526.7, p < .01 for words and colors,
respectively]. All interactions involving this group did not reach signif-
icance.

3. An analysis of the present data did not yield any evidence for ha-
bituation. However, habituation might have taken place during the prac-
tice trials, or within the first few trials. Such a possibility could be ex-
amined by using a more traditional Garner task, with a large participant
group.

(Manuscript received May 16, 2000;
revision accepted for publication May 3, 2001.)
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