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Orientation asymmetry in the flanker task

ASHER COHEN and RACHEL E. SHOUP
Indiana University, Bloomington, Indiana

Experiments 1 and 2 ofthis study show that when the target is either a vertical or a horizontal
line, diagonal-line flankers tilted 45° either to the right or to the left have the same effect as
do incongruent flankers. When the target is a diagonal line tilted either to the right or to the
left, vertical- or horizontal-line flankers do not have the same effect as do incongruent flankers.
Experiment 3 demonstrates that this asymmetry is not caused by the temporal-dynamic aspects
of the processing. Together, these experiments suggest that there is an asymmetrical relation
between diagonal lines and either vertical or horizontal lines outside of the central focus of at
tention. Experiment 4 shows that despite this asymmetry in the flanker task, visual search for
a vertical- or a horizontal-line target among diagonal-line distractors is not affected by the num
ber of distractors. Possible explanations of this phenomenon are discussed.

The purpose of this article is to demonstrate an asym
metry in orientation between diagonal lines and either ver
tical or horizontal lines when these lines are presented
outside the central focus of attention. We use the flanker
task, first introduced by B. A. Eriksen and C. A. Erik
sen (1974), to demonstrate this asymmetry.

The flanker task was originally designed to contrast
early-selection theories of attention (e.g., Broadbent,
1958), according to which the processing of stimuli out
side the focus of attention is confmed to rudimentary phys
ical properties, and late-selection theories (e.g., Deutsch
& Deutsch, 1963), according to which stimuli outside the
focus of attention are fully identified. In a typical task,
subjects are instructed to make a specific response to the
appearance of one target (e.g., the letter X) and to make
a different response to the appearance of another target
(e.g., the letter 0). The target is typically presented in
the center of the visual field and is flanked by stimuli (one
or more) on each side. Because the target location is
known in advance, and because the demand characteris
tics of the task are to focus on the target and ignore the
flankers, it is assumed that subjects try to focus their at
tention exclusively on the target. The key question in this
paradigm is whether the identity of the flanking stimuli
affects responses to the targets. The flankers may be either
neutral (e.g., the letter F), congruent (e.g., both target
and flankers are 0 or both are X), or incongruent (e.g.,
the target is X and the flankers are 0 or vice versa).

Most studies using the flanker task have found that both
flanker congruency and spatial distance between the tar
get and flankers influence subjects' responses to the tar-
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get. Reaction times to targets with congruent flankers were
faster than those to targets with incongruent flankers (e.g.,
B. A. Eriksen & C. W. Eriksen, 1974; C. W. Eriksen
& B. A. Eriksen, 1979; C. W. Eriksen & Schultz, 1979;
Harms & Bundesen, 1983; Miller, 1991). Studies in which
the spatial separation of target and flankers was manipu
lated showed that the effect of congruency was smaller
with increased separation but was still present even at rela
tively large distances (e.g., B. A. Eriksen & C. W. Erik
sen, 1974; Miller, 1991).

Much evidence suggests that both perceptual interaction
between the target and flankers and processes concerned
with response selection influence the congruency effect.
Given that congruency is defined by the response proper
ties of the stimuli rather than by the perceptual similarity
between the stimuli, the very existence of the congruency
effect suggests that response competition is an important
factor. Other studies support this observation more
directly. C. W. Eriksen and B. A. Eriksen (1979) asked
their subjects to make one response to either one of two
different characters (H and C) and to make a second re
sponse to either one of two other characters (K and S).
They found that when the target and flankers were com
posed of different characters, the response of the subjects
was faster when the flankers and the target belonged to
the same response set (e.g., H flanked by Cs) than when
the target and flankers belonged to two different response
sets (e.g., H flanked by Ks). Because perceptual similarity
was no greater in the congruent condition, this finding
indicates that flanker interference occurs at the response
level (see also C. W. Eriksen & Schultz, 1979; Grice &
Gwynne, 1985). Coles, Gratton, Bashore, C. W. Eriksen,
and Donchin (1985), using several psychophysiological
measures, also showed that at least part of the congruency
effect is due to response competition. Miller (1987)
showed that neutral letters that are correlated with a par
ticular response act as congruent stimuli for this response.

Several studies have shown that physical characteristics
of the stimuli also contribute to the congruency effect.
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B. A. Eriksen and C. W. Eriksen (1974) found that neu
tral flankers that were physically similar to incongruent
flankers caused a slower response than did neutral flankers
that were physically similar to congruent flankers. Other
studies have shown that when two characters are assigned
to the same response set, subjects respond faster when
the flankers are both congruent and identical to the target
than when the flankers are congruent but not identical to
the target (C. W. Eriksen & B. A. Eriksen, 1979; C. W.
Eriksen & Schultz, 1979; Grice & Gwynne, 1985). Yeh
and C. W. Eriksen (1984) found that physical similarity
between the target and the flankers influences the con
gruency effect more than does name similarity. Several
studies (e.g., Harms & Bundesen, 1983; Kramer & Jacob
son, 1991) demonstrated that perceptual grouping prin
ciples also affect the degree of interaction between the
target and the flankers.

The interpretation of these results with respect to early
versus late-selection theories of attention has proven to
be complicated. Although the results of the flanker task
generally seem to support late-selection theories of atten
tion (see Coles et al., 1985; C. W. Eriksen & Schultz,
1979; Miller, 1987, 1991), alternative explanations may
still be possible (Yantis & Johnston, 1990).

However, because the flanker task is sensitive to the
structural relation (such as perceptual similarity) between
flankers and targets, it may enable us to assess the nature
of this relation among visual stimuli. The logic here is
as follows. Previous studies have shown that when flankers
are neutral, their effect on reaction time is directly re
lated to their structural relation to the targets. For exam
ple, neutral stimuli that are physically similar to one of
the targets also show similar congruency effects (B. A.
Eriksen & C. W. Eriksen, 1974). That is, subjects are
faster when these neutral stimuli flank the target to which
they are similar than when these stimuli flank the other
target. Therefore, it may be possible to assess the nature
of the structural relation of neutral stimuli to the targets
by their influence as flankers on reaction times to the tar
get. For example, subjects may be required to make one
response to Stimulus A and another response to Stimu
lus B. Stimulus C does not require any response and is
therefore neutral. The degree of congruency of Stimu
lus C with the Targets A and B may indicate the struc
tural relation among these stimuli.

In this article, we use this logic to demonstrate an asym
metry in the structural relation between diagonal lines and
either vertical or horizontal lines. Specifically, we show
that neutral diagonal-line flankers that are tilted 45 0 are
incongruent with both vertical- and horizontal-line targets.
In contrast, neither vertical- nor horizontal-line flankers
appear to be incongruent with diagonal-line targets. Ex
periments I and 2 document this phenomenon. Experi
ment 3 examines and rejects an alternative explanation
that is not based on the nature of the structural relation
between line orientations. Experiment 4 investigates
whether the asymmetry between diagonal and vertical/
horizontal lines occurs in a visual search paradigm.

EXPERIMENT 1

This experiment was originally designed to further ex
amine a study reported by Driver and Baylis (1989).1 The
arrangement of congruent, incongruent, and neutral stim
uli was similar to the design of Driver and Baylis, except
that the stimuli in our experiments all remained station
ary. On each trial, the target appeared in the middle of
the screen and was preceded by an asterisk that clearly
marked its location. The target was always flanked by two
stimuli on each side. The five stimuli appeared along the
central horizontal line of the screen and were equidistant
from one another. The rightmost and leftmost stimuli (the
"far" flankers) were always identical to each other, as
were the flankers located immediately to the right and left
of the target (the "near" flankers).

Two groups of subjects participated in this experiment.
The subjects in the "vertical/horizontal" task were re
quired to make one response to the appearance of a vertical
line and another response to the appearance of a horizon
tal line. The neutral stimuli in this task consisted of di
agonal lines tilted 45 0 either to the right or to the left of
the vertical meridian. The subjects in the "diagonal" task
responded to lines tilted 45 0 to the right by pressing one
key mounted on a response board, and they responded
to lines tilted 45 0 to the left by pressing a second key.
The neutral stimuli for this group were either vertical or
horizontal lines.

Method
Subjects. Twenty-four undergraduate students from Indiana Uni

versity participated in this experiment in partial fulfillment of a
course requirement. Twelve subjectsperformed the vertical/horizontal
task; the other 12 subjects performed the diagonal task. All of the
subjects had normal or corrected-to-normal vision.

Apparatus and Stimuli. The stimuli were presented on an NEC
MultiSynch SD color monitor that was controlled by a CompuAdd
microcomputer. The subjects were tested in a dimly lit room and
viewed the display from a distance of 125 em with the aid of a chin
rest. All of the stimuli consisted of achromatic lines. The length
of all lines subtended approximately 0.48 0. The five stimuli shown
on each display were centered around the middle of the screen and
were equidistant from one another. The center-to-center distance
between two adjacent stimuli was approximately 0.6°. Thus, the
distance between the target andthe far flankers was 1.20. The stimuli
were presented against a black background (0 cd/nr') at a luminance
of 76.6 cd/rrr'.

Design. The relation between the target and the flankers was ma
nipulated to create five conditions. In the "near congruent" con
dition, the near flankers were identical to the target, and the far
flankers were neutral. In the "far congruent" condition, the far
flankers were identical to the target, and the near flankers were
neutral. In the "baseline" condition, all four flankers were neu
tral. In the "near incongruent" condition, the near flankers were
identical to the alternative target (i.e., the target not shown in the
display), and the far flankers were neutral. In the "far incongruent"
condition, the far flankers were identical to the alternative target,
and the near flankers were neutral. Note that at least one pair of
neutral flankers appeared in every condition. An illustration of the
stimuli in the different conditions is shown in Figure 1.

The subjects first received a short demonstration of9 trials. Fol
lowing this demonstration, the subjects performed a practice block
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RTs of the subjects in the diagonal task are shown in the
bottom panel. Note that we separated the two congruent
and two incongruent conditions on the basis of their dis
tance from the target. We included only correct responses.
In addition, for each subject, we eliminated responses that
were 3 standard deviations (SDs) above his/her mean.

As can be seen in the figure, there were no differences
among the five congruency conditions in the verticall
horizontal task. By contrast, the congruency manipula
tion in the diagonal task produced typical results for the
flanker task. That is, RT for congruent conditions was
faster than RT for incongruent conditions. RT to targets
with neutral flankers, although intermediate, was much
closer to that obtained for the congruent conditions. As
the distance between the target and the flankers increased,
the congruency effect decreased but was still clearly
present.

These observations were confirmed by a statistical
analysis of the data. The results were submitted to a 2
(task) x 5 (congruency) mixed design analysis of vari
ance (ANOVA). The effect of task was not significant
[F(l,22) = 1.4, P < .05]. The effect of congruency was
significant [F(4,88) = 31.3, p < .05]. Most importantly,
the task x congruency interaction was significant
[F(4,88) = 23.3, p < .05]. Additional contrasts revealed

/

/

//

/

"".--

/

//

/

/

BASELINE

BASELINE

FAR CONGRUENT

FAR CONGRUENT

NEAR CONGRUENT

FAR INCONGRUENT

NEAR CONGRUENT

FAR INCONGRUENT

NEAR INCONGRUENT

NEAR INCONGRUENT

Figure 1. Examples of the stimuli usedin the fivecongruency con
ditions of Experiment 1.
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Figure 2. Mean RTs for the five congruency conditions of Exper
iment 1. The top panel shows the RTs of the verticallhorizontal task,
and the bottom panel shows the RTs of the diagonal task.
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of 90 trials, and eight experimental blocks of 90 trials each, for
a total of 720 experimental trials. Each block consisted of 10 trials
from the baseline condition and 20 trials for each of the four re
maining congruency conditions. The order of the trials within each
block was selected randomly.

Procedure. At the beginning of each trial, an asterisk serving
as both a fixation point and a marker of the location of the target
was presented in the center of the visual screen. After 500 msec,
the asterisk was replaced by the display of five stimuli. The dis
play remained visible until the subject pressed one of two keys
mounted on a response board interfaced with the computer. In the
diagonal task, the subjects had to press a right response key if the
target was tilted to the right and a left response key if the target
was tilted to the left. In the vertical/horizontal task, the subjects
pushed the right key if the target was a vertical line and the left
key if the target was a horizontal line. The subjects were instructed
to respond as fast as they could while minimizing their mistakes.
An error message was presented on the screen for 500 msec fol
lowing incorrect responses. The screen went blank immediately fol
lowing the subject's correct response until the appearance of the
asterisk of the next trial. The intertrial interval (TIl) was 1,000 msec.

Results and Discussion
The proportion of errors in all of the experiments re

ported in this study had the same pattern as did the reac
tion time (RT) results. Thus, the differences among the
RTs ofthe different conditions in the experiments cannot
be attributed to a speed-accuracy tradeoff. We reported
only the RT results.

The mean RTs of the subjects in the vertical/horizontal
task as a function of the five different congruency condi
tions are shown in the top panel of Figure 2. The mean
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that there was no difference between any of the congruent
conditions in the vertical/horizontal task. In the diagonal
task, the baseline was not significantly different from the
congruent conditions [F(l ,11) = 1.0, P > .05] but was
different from the incongruent conditions [F(l ,11) =
40.0, P < .05]. The difference between congruent and
incongruent flankers was significant for both the near
flanker conditions [F(l,ll) = 77.1, P < .05] and the far
flanker conditions [F(l,l1) = 47.4, P < .05]. The re
duced congruency effect with distance is implied by a sig
nificant difference between the near-incongruent and the
far-incongruent conditions [F(l,l1) = 72.4, p < .05].

The results of the diagonal task were consistent with
previous flanker-task studies (e.g., B. A. Eriksen &
C. W. Eriksen, 1974; Miller, 1991). There was a pro
nounced congruency effect for the near conditions, which
was weaker but still present for the far conditions. The
baseline condition was intermediate but much closer to
the congruent conditions. Unlike typical results with the
flanker task, no congruency effect was obtained in the
vertical/horizontal task.

One clue to the findings of this experiment lies in the
method used here. An important aspect of our method was
that neutral flankers were present in every single trial.
It is possible that neutral diagonal-line flankers have the
same effect as do incongruent flankers when the target
consists of either vertical or horizontal lines. Because di
agonal lines were present in every trial, there may have
existed a degree of incongruency in all trials that caused
similar responses in all conditions. By contrast, vertical
and horizontal-line flankers do not affect diagonal-line
targets in the way incongruent flankers do, and thus the
typical congruency effect was obtained.

One immediate prediction of our hypothesis is that we
should find a congruency effect in the vertical/horizontal
task if diagonal lines are not present in all trials. This pre
diction was tested in Experiment 2A. Experiments 2B and
2C examine alternative interpretations of Experiment 2A.

EXPEREWENTS2A,2B,AND2C

The method used in this experiment is similar to the
one employed in Experiment 1, with three differences.
First, three, rather than five, stimuli were presented on
each trial. In Experiment 2A, the two flankers could be
congruent, incongruent, or neutral. In Experiment 2B,
there were no neutral flankers, and the two flankers could
be either congruent or incongruent. The flankers in Ex
periment 2C (done only with the vertical/horizontal task)
consisted only of neutral diagonal-line flankers. Second,
the spatial distance between the target and the flankers
was manipulated such that it was either identical to the
distance used between the near flankers and the target of
Experiment 1 or identical to the distance between the far
flankers and the target in Experiment 1. Third, the size
of the stimuli was manipulated. There were two different
lengths for each of the possible target orientations.2

Experiment 2A
Our prediction for the diagonal task is simple. The re

sults should besimilar to those obtained in Experiment 1.
In contrast, the results for the vertical/horizontal version
of the present experiment should be different from those
obtained with this task in Experiment 1. As in all flanker
tasks, we should find a faster response in the congruent
conditions than in the incongruent conditions. According
to our hypothesis, the neutral diagonal-line flankers have
the same effect as do incongruent flankers for both
vertical- and horizontal-line targets. Therefore, the RT
for the baseline condition with diagonal flankers should
be similar to the RT for the incongruent condition.

Method
Subjects. Twenty-four subjects, recruited from the same pool

as in Experiment 1, participated in this experiment. Half of the sub
jects performed the vertical/horizontal task, and half performed the
diagonal task.

Apparatus and Stimuli. Both the stimuli and apparatus were iden
tical to those of Experiment 1 except for the size of the stimuli.
There were two different lengths for each of the possible target orien
tations. For the vertical/horizontal task, the target subtended ap
proximately 0.41 0 and 0.18 0 of visual angle. The neutral diagonal
line occurred in only one size, approximately 0.28 0

• The targets
for the diagonal task consisted of achromatic lines tilted 45 0 either
to the right or left. The two sizes used in this condition subtended
approximately 0.55 0 and 0.23 0

• The length of the neutral lines (both
vertical and horizontal) subtended approximately 0.41 0

• The center
to-center distance between two adjacent stimuli in the near condi
tion was approximately 0.6 0

• The distance between the target and
the flankers in the far condition was 1.2 0

•

Design. The design of 3 (congruency) x 2 (distance) mentioned
above created six different conditions that were run within each
block. In addition, we manipulated the size of the stimuli in the
congruent and incongruent conditions. The size of the target and
flankers was identical in half of the trials of these conditions and
different in the other half.

Following a lO-trial demonstration of the task, the subjects per
formed one practice block of 100 trials and eight experimental blocks
of 100 trials each, for a total of 800 experimental trials. Each block
consisted of 10 trials of the near-baseline condition, 10 trials of
the far-baseline condition, and 20 trials each for the near-eongruent,
far-congruent, near-incongruent, and far-incongruent conditions.
The size of the target and flankers was identical in half of these
trials and different in the other half. The order of the trials within
a block was random.

Procedure. The procedure was identical to that of Experiment I.

Results and Discussion
The manipulation of size did not interact with the con

gruency effect in this experiment. Thus, we combined the
results of the same-size and different-size stimuli in each
of the congruency conditions.

The mean RTs to the vertical/horizontal task are shown
on the top panel of Figure 3, and the mean RTs to the
diagonal lines are shown on the bottom panel. As in Ex
periment 1, for each subject, we eliminated from the anal
ysis both incorrect responses and responses that were
slower than 3 SDs above the mean. The results confirmed
the predictions of our hypothesis. The diagonal task
produced results very similar to those obtained in Exper-
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tances. The baseline condition differed significantly from
both incongruent conditions and congruent conditions. The
contrasts of the vertical/horizontal task revealed that, as
predicted, the baseline conditions were significantly dif
ferent from the congruent conditions but not from the in
congruent conditions .

Although we obtained a reliable congruency effect in
the vertical/horizontal task, the effect was smaller in this
task than in the diagonal task. This finding was not pre
dicted by our hypothesis. A possible explanation for this
smaller effect is that the presence of the neutral diagonal
lines in some of the trials is disruptive in the vertical/
horizontal task and makes the subjects more conservative
in their response. One possible reason for this disruption
is that, given that the diagonal neutral lines produce effects
similar to those of incongruent flankers, the proportion
of trials with response competition is larger in this task.
Experiment 2B was conducted to examine this possibility.

Method
Subjects. Twenty-four subjects, recruited from the same pool

as in previous experiments, participated in this experiment. Half
of the subjects performed the vertical/horizontal task, and half per
formed the diagonal task.

Apparatus and Stimuli. The apparatus and stimuli were the same
as in Experiment 2A"

Design. The design was the same as in Experiment 2A, except
that the neutral flankers were not used in this experiment.

Experiment 2B

The only difference between this experiment and Ex
periment 2A is that we eliminated the baseline conditions.
Thus, each task consisted only of trials with congruent
or incongruent flankers.
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Figure 3. Mean RTs for the six congruency conditions of Experi
ment 2A. The top panel shows the RTs of the vertical/horirontal
task, and the bottom panel shows the RTs of the diagonal task.

iment 1. The subjects in this task showed a marked
congruency effect. The effect was smaller in the far con
ditions but was still clearly present. The baseline condi
tions produced intermediate results that were closer to
those obtained in the congruent conditions. As we pre
dicted, for the vertical/horizontal task, the results were
different from those of Experiment 1. The subjects in the
present experiment were faster in the congruent condi
tions than in the incongruent conditions. Reaction times
for the baseline conditions resembled those for the incon
gruent conditions.

Statistical analyses of the data supported these obser
vations. A 2 (task: diagonal, vertical/horizontal) X 3 (con
gruency: congruent, incongruent, neutral) X 2 (distance:
near, far) mixed design ANOVA was performed. The
main effect of task was not significant [F(l,22) < 1]. The
main effects of congruency [F(2,44) = 57.1] and distance
[F(I,22) = 31.9] were significant atp < .05, as were
the congruency X distance interaction [F(2,44) = 3.9]
and the distance x task interaction [F(l,22) = 7.8]. Most
importantly, the congruency X task interaction was highly
significant [F(2,44) = 20.5]. Subsequent contrasts re
vealed that for the diagonal task, the congruency effect
was significant at p < .05 at both the near and far dis-

Results and Discussion
The results of this experiment are shown in Figure 4.

The top panel shows the results for the vertical/horizontal
task. The bottom figure shows the results for the diagonal
task. As can be seen in the figure, the results are quite
similar to those obtained in our previous experiments. Sta
tistical analyses of the data supported these observations.
A 2 (task: diagonal, vertical/horizontal) X 2 (congruency:
congruent, incongruent) X 2 (distance: near, far) mixed
design ANOVA was performed. The effect of task was
not significant [F(l,22) = 2.0, p < .05]. The effects of
congruency [F(l,22) = 101.9] and distance [F(l,22) =
8.4] were significant atp < .05. The congruency X task
interaction was also significant [F(1,22) = 26.9, p <
.05]. Separate contrasts revealed that the congruence
effect was significant for both the diagonal and the verti
cal/horizontal tasks. These results show that the con
gruency effect is present in both tasks but is weaker in
the vertical/horizontal task.

We are not sure why the congruency effect is weaker
in the vertical/horizontal task. More research is needed
to account for these findings. The results of Experiment
2B, however, suggest that the difference in the degree of
congruency obtained between the two tasks in Experi-
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Design. The design was the same as in Experiment 2A, except

that only neutral flankers were used in this experiment.
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Results and Discussion
The analysis of the results was done in the following

way. For a vertical-line target (which required a right
key response), a diagonal line tilted to the right was con
sidered as a response-compatible flanker, and a diagonal
line tilted to the left was considered as a response
incompatibleflanker. The reverse was true for a horizontal
line target." In the near conditions, the mean RT for a
target with a response-compatible flanker was 492 msec,
and the mean RT for a target with a response-incompatible
flanker was 490 msec. In the far conditions, the mean RT
for a target with a response-compatible flanker was
487 msec, and the mean RT for a target with a response
incompatible flanker was 490 msec. A 2 (response bias:
compatible, incompatible) x 2 (distance: near, far)
ANOVA was performed. None of the effects were sig
nificant. Clearly, the diagonal-line flankers do not induce
a response bias toward either the right response key or
the left response key.
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Figure 4. Mean RTs for the four congruency conditions of Ex
periment 2B. The top panel shows the RTs of the vertical/horizon
tal task, and the bottom panel shows the RTs of the diagonal task.

EXPERIMENT 3

ment 2A is not due to our specific method but rather to
the nature of the stimuli used.

Another explanation of the effect of neutral diagonal
line flankers on vertical- and horizontal-line targets is that
the presence of diagonal lines exerts some sort of response
compatibility effect on the subjects. It is possible that
diagonal-line flankers tilted to the right induce a response
bias with the right response key and that diagonal-line
flankers tilted to the left induce a response bias with the
left response key. Such a response-compatibility effect
may mask the typical congruency effects obtained with
vertical- and horizontal-line targets. To the extent that this
interpretation is correct, there should be a faster response
to a target that requires a right-key response when the
flankers consist of diagonal lines tilted to the right than
when the flankers consist of diagonal lines tilted to the
left. The effect should be reversed when the target re
quires a left-key response. Experiment 2C examined this
possibility .

Experiment 2C

The vertical/horizontal task of Experiment 2A was used
here, with an important change. On half of the trials for
each target, the flankers were diagonal lines tilted to the

One possible explanation for the results concerns the
absolute RT of the subjects in the previous experiments.
In all of the experiments reported so far, the subjects were
faster in the congruent conditions of the diagonal task than
in the congruent conditions of the vertical/horizontal task.
Perhaps the congruency effect is smaller when the over
all RT is slower. A careful look at the results of all of
the experiments suggests that this explanation is not fully
adequate. For example, the subjects in the vertical/
horizontal task of Experiment 2B (Figure 4) were as slow
as the subjects in Experiment I for the same task (Fig
ure 2), and yet the congruency effect was present in the
former but not in the latter task." However, these com
parisons are between subjects, and we may not have suffi
cient statistical power in the current experiments to rule
out differences in absolute RT between the tasks.

In Experiment 3, we tested this explanation within a
task by manipulating the luminance level of the stimuli.
One group of subjects participated in this experiment. We
used the diagonal task of Experiment 2A, with one alter
ation. Two different luminance levels were used. We ex
pected the overall RT to be affected by this manipulation
and to be slower in the dimmer condition. According to
the hypothesis just described, we should also find a much
reduced congruency effect in the dimmer condition.
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Three Lines- Diagonal Targets - Bright

Figure S. Mean RTs for the five congruency conditions in the di
agonal task of Experiment 3. The top panel shows the RTs of the
bright conditions, and the bottom panel shows the RTs of the dim
conditions.

Results and Discussion
The correct RTs of the subjects in the bright condition

are shown in the top panel of Figure 5. The bottom panel
displays the results of the dim condition. As before, for
each subject, we eliminated responses that were slower
than 3 SDs above the mean. Two findings are quite clear
from these results. First, the luminance manipulation was
effective in elevating the subjects' RTs for the dim trials.

Treisman and Gormican (1988), using a visual search
paradigm, have previously reported an asymmetry be
tween line orientations. In their method, subjects had to
search for the presence of a target among a variable num
ber of distractors. The target appeared only in half of the
trials, and its location was not known to the subjects in
advance. Treisman and Gormican, as is common in this
paradigm, were particularly interested in the relation be
tween RT and the number of distractors present in the
visual field (the array-size slope). They found that the
array-size slope for a target tilted 18° from the vertical
frame of reference among vertical-line distractors was
much more pronounced than was the array-size slope for
a vertical-line target among tilted-line distractors.

The difference in angular orientation between the lines
used in our study is much larger. Is there a relation be
tween the asymmetry found by Treisman and Gorrnican
(1988) and the one found in this study? An answer to this
question could provide an additional constraint on the na
ture of the asymmetry between the diagonal lines and the
vertical/horizontal lines used in our study . We examined
this issue by using our stimuli in a visual search paradigm
similar to the one employed by Treisman and Gorrnican.

Second, the congruency effect was not reduced with
slower RT. If anything, it was enhanced.

A 2 (luminance: dim, bright) x 3 (congruency: con
gruent, neutral, incongruent) X 2 (distance: near, far)
repeated measures ANOYA was performed. The effect
of brightness was significant [F(1,15) = 55.8,p < .05),
indicating that subjects were reliably slower in the dim
condition. Similar to our previous experiments with the
diagonal task, the effects of congruency and distance were
significant at p < .05, as was the interaction between
them [F(2,30) = 159.8, F(1,15) = 20.7, F(2,30) =
38.1, for congruency, distance, and congruency X dis
tance, respectively]. The only other significant effect was
the interaction of brightness x congruency [F(2,30) =
37.8, p < .05]. This interaction was presumably due to
a larger congruency effect in the dim condition. The re
sults of this experiment rule out a direct relation between
overall RT and the congruency effects obtained with the
line stimuli.

EXPERIMENT 4

Method
Subjects. Twenty-four subjects, drawn from the same pool as

in the previous experiments, participated in this experiment. They
were divided into four groups of 6 subjects. Each group partici
pated in a different condition.

Apparatus and Stimuli. The apparatus was identical to that of
previous experiments. The stimuli consisted of four types of line
orientation: horizontal, vertical, diagonal tilted 45° to the right,
and diagonal tilted 45 ° to the left. The length of all stimuli was
0.37°, and their luminance was the same as in Experiment I.

Design. All four groups of subjects were instructed to search for
a target among a variable number of distractors. The target for one
group was a diagonal line tilted to the right. The target for a sec
ond group was a diagonal line tilted to the left. The distractors for
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Method
Subjects. Sixteen subjects, drawn from the same pool as in the

previous experiments, participated in this experiment.
Apparatus and Stimuli. The apparatus and stimuli were identi

cal to those used in the diagonal task of Experiment 2A, except
that two different luminance levels were used. Stimuli in the bright
condition were identical to those used in the previous experiments
(76.6 cd/m'). Stimuli in the dim condition were presented at a lu
minance level of 1.5 cd/m", Both the asterisk that marked the loca
tion of the target and the error message displayed after incorrect
responses had an intermediate luminance level of 29.5 cd/rn",

Design. The design was essentially the same as the one used for
the diagonalconditionof Experiment 2A, except that half of the trials
in each condition employed dim stimuli and the other half employed
bright stimuli. The order of the trials within a block was random.

Procedure. The procedure was identical to that used in the pre
vious experiments.
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both of these groups consisted of either horizontal or vertical lines
(but never both), and the type of distractor used on each trial was
determined randomly. The third group of subjects searched for a
vertical-line target, and the fourth group searched for a horizontal
line target. The distractors for these last two groups consisted of
either diagonal lines tilted to the right or to the left. Again, the type
of distractor used on each trial was selected randomly.

The specific design we used is similar to the one used previously
in our lab (e.g., Cohen & Ivry, 1991). Each display in this experi
ment consisted of either 4, 8, 16, or 24 items. The different array
sizes were mixed within a block. Half of the trials in each array-size
condition included the target, and the remaining half included only
distractors. The stimuli on each trial were positioned on two imag
inary circles. The radii of the inner and outer circles extended ap
proximately 2.2 0 and 3.3 0 from the center. For array sizes of 4
and 8 items, all of the stimuli were located on either the inner or
the outer circle, which was randomly selected. For array sizes of
16 and 24 items, half of the items were located on each circle. The
minimal distance between adjacent items was approximately 1.1 0 •

The subjects received a short practice block of 24 trials, followed
by five experimental blocks of 80 trials each with 10 trials per con
dition, for a total of 400 experimental trials.

Procedure. At the beginning of each trial, an asterisk, serving
as a fixation point, was presented on the center of the visual screen.
After 1,000 msec, the asterisk was replaced by the stimulus dis
play. The subjects were required to push the left key on the two
key device if the target was present and to push the right key if
no target was present. An error message was presented on the screen
for 500 msec following incorrect responses. The subjects were in
structed to expect occasional errors because of the emphasis on
speeded responses. The screen went blank immediately following
the subject's correct response until the appearance of the asterisk
of the next trial. The ITi was 2,000 msec.

Results and Discussion
A preliminary ANOVA did not reveal any difference

between the two groups of subjects who searched for
either a vertical- or a horizontal-line target. Similarly,
there was no difference between subjects who searched
for a left diagonal target and those who search for a right
diagonal target. Therefore, we combined the data for the
two diagonal targets, and we also combined the data for
vertical and horizontal targets. The RTs of the subjects
are shown in Figure 6. Only correct responses are in
cluded. The top panel shows the results for the target
present condition, and the bottom panel shows the results
for the target-absent trials. Several observations are evi
dent from the results. First, the RTs in the target-present
condition were not affected by array size in either the di
agonal tasks or the vertical and horizontal tasks. Indeed,
the estimated slope by a regression analysis was slightly
less than 0 for all tasks. Second, the overall RTs in the
diagonal tasks were faster than those in the vertical and
horizontal tasks. The estimated intercept is 525 msec for
the two diagonal tasks and 615 msec for the vertical and
horizontal tasks. Third, array size had a small effect on
the RTs in the target-absent condition. Fourth, the array
size slope in the target-absent condition was more pro
nounced in the vertical and horizontal tasks (estimated
slope, 4.5 msec) than in the diagonal tasks (estimated
slope, 1.5 msec).

These observationswere basicallyconfirmed by a mixed
design ANOVA. The results were submitted to a 2 (task:

Figure 6. Mean RTs of the visual search for the diagonal targets
and for the verticallhorizontal targets of Experiment 4. The top panel
shows the RTs for the target-present condition, and the bottom panel
shows the RTs for the target-absent trials.

vertical/horizontal, diagonal) x 2 (target: present, absent)
X 4 (array size: 4, 8, 16, 24) analysis. All the main ef
fects were significant at p < .05 [F(l,22) = 9.3,
F(l,22) = 27.7, and F(3,66) = 10.7, for the main ef
fects of task, target, and array size, respectively]. The
task X target interaction was significant [F(l,22) = 6.8],
indicating that the overall RT difference between the di
agonal and vertical/horizontal tasks was more pronounced
in the target-absent condition. The target X set size inter
action was significant as well [F(3,66) = 15.8], because
the array-size slope was evident only in the target-absent
condition. Finally the task X array size and the triple inter
action were just marginally significant [F(3,66) = 2.7,
P < .06, and F(3,66) = 2.5, p < .07, for the task X
array size and the triple interaction, respectively]. Thus,
all the observations mentioned above were confirmed, ex
cept that the difference between the two tasks with regard
to array-size slopes in the target-absent conditions was
only marginally significant.

These results differ from those reported by Treisman
and Gormican (1988). Although Treisman and Gormican
found a sizable difference in the array-size slope between
tilted and vertical lines for both the target-present and



target-absent conditions, we did not find any difference
in the slope for the target-present condition, and we found
only a marginally significant difference for the target
absent condition. We did find a difference in the inter
cept for diagonal lines versus vertical/horizontal lines,
however. Treisman and Gormican reported a smaller in
tercept difference between the tilted and vertical stimuli
in their experiment (46 msec) but did not provide a sta
tistical analysis for the reliability of this difference. Thus,
we cannot say with any certainty whether the difference
in the magnitude of the intercept between the experiments
is reliable. It is clear, however, that detection of either
vertical or horizontal lines among diagonal lines tilted 45°
is not affected at all by the number of distractors present
in the scene. This finding suggests that search for verti
cal and horizontal lines is performed in parallel and with
out capacity limitation (Townsend, 1976, 1990).

GENERAL DISCUSSION

The experiments with the flanker task reported in this
article suggest that there exists an asymmetry between di
agonal lines and vertical/horizontal lines. When the tar
get is either a vertical or a horizontal line, diagonal-line
flankers have the same effect as incongruent flankers. In
contrast, when the target is a diagonal line tilted either
to the right or to the left, vertical- and horizontal-line
flankers do not have the same effect as incongruent
flankers.

The visual search experiment adds a constraint on this
asymmetry. Although the detection of a vertical- or
horizontal-line target among diagonal distractors requires
more time than does the detection of a diagonal-line tar
get among vertical/horizontal distractors (as was evi
denced by the intercept difference between the two tasks),
neither search is influenced by the number of distractors.
There are good reasons to believe that, when the array
size slope is flat, the difference between the target and
the distractors can be detected outside of the central fo
cus of attention (e.g., Shiffrin & Schneider, 1977). There
fore, although the flanker-task experiments suggest that
diagonal lines are incongruent with both vertical and hor
izontallines, the visual search study suggests that the rep
resentation of diagonal lines outside of the central focus
of attention is sufficiently distinct from either vertical or
horizontal lines.

What is the reason for this asymmetry? First, a class
of explanations based on feature interaction, called an
"interactive channel" (e.g., Estes, 1972, 1974), can be
ruled out. As pointed out by Estes (1982), the extent of
the feature interaction in this class of models is a func
tion of the distance between the objects. The effects in
the present experiments were observed even when the dis
tance between the flankers and the target exceeded 1° of
visual angle, which is far larger than the distances in which
the feature interaction was observed by Estes (e.g., 1982).

One possible explanation for the results is an extension
of the explanation suggested by Treisman and Gormican
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(1988) to account for the asymmetries they observed be
tween tilted and vertical lines. As mentioned above, Treis
man and Gormican found that the array-size slope in visual
search for a slightly tilted target among vertical distrac
tors is less steep than the array-size slope for a vertical
target among slightly tilted distractors. Treisman and Gor
mican suggested that tilted lines outside of the central
focus of attention are represented as a deviation from ver
tical lines. That is, the vertical line serves as a reference
point and tilted lines are represented as the amount of
change from this reference point. Thus, in some sense,
the representation of tilted lines includes the reference
point plus the deviation from that point.

We can extend this suggestion to the present situation
by assuming that each tilted line is defined with respect
to both vertical and horizontal reference points. The closer
the line is in angular rotation to one of the reference points,
the stronger would be the association with that reference
point. For example, a line tilted 15° from the vertical
meridian (and thus 75° from the horizontal meridian)
would have a stronger association with the vertical refer
ence point than with the horizontal reference point. A line
tilted 45°, as were the lines used in the present experi
ments, would have roughly equal associations with both
reference points. Vertical (horizontal) lines are only as
sociated with a vertical (horizontal) reference point.

This suggestion readily explains the results obtained
with the flanker task. Diagonal lines, by the nature of their
representation, activate both vertical- and horizontal-line
representations. When vertical and horizontal lines are
associated with competing responses, as was the case in
the vertical/horizontal task, the presence of diagonal-line
flankers presumably activates both targets and leads to
response competition.

The flat array-size slopes obtained in the visual search
experiment can also be explained by this hypothesis. When
the target was not present in this experiment, all of the
distractors were identical to each other. Thus, the task
of the subjects was basically to detect whether one of the
stimuli deviates from the others. When searching for a
vertical (or a horizontal) line among diagonal distractors,
the subjects had to detect whether one of the stimuli acti
vatedjust the vertical (or horizontal) reference point. The
results of the experiment suggest that subjects can per
form this task quite effectively.

This hypothesis seems reasonable because it extends a
previous hypothesis (by Treisman & Gormican, 1988) and
it can account qualitatively for the data. However, a closer
examination of this explanation reveals some problems.
As shown in Experiment 4, diagonal lines are not com
pletely similar to horizontal or vertical lines. Thus, in Ex
periments 1 and 2, there should be more interference from
incongruent flankers than from the neutral diagonal lines.
Yet, the effect of the diagonal-line flankers was virtually
the same as that of the incongruent flankers.

Another possible explanation is related to findings re
ported by O'Hara (1980; see also O'Hara & C. W. Erik
sen, 1979) concerning letter matching. These authors
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found that when subjects are required to judge whether
two letters in known positions are the same, the appear
ance ofletters (e.g., GOO) in irrelevant positions slows
down the subjects' latencies. However, when the letters
in the irrelevant positions form a word (e.g., GOD), they
do not affect the subjects' latencies. One interpretation
of these findings is that when the irrelevant stimuli are
represented at the same level of representation as the rel
evant stimuli (letters in the example above), they cause
interference. But when the irrelevant stimuli are repre
sented at a different level of representation from that of
the relevant stimuli (letters and words in the example),
they do not cause any interference. It is possible that ver
tical and horizontal lines have a special status in the rep
resentation of line orientations. Thus, when neutral ver
tical or horizontal lines are presented in irrelevant
positions, subjects can ignore them (just as they could ig
nore words in letter matching). However, when neutral
diagonal lines appear in irrelevant positions, subjects can
not ignore them.

The two explanations outlined here are clearly incom
plete. More research is needed to decide between these
hypotheses and others that were not mentioned. Although
the nature of the asymmetry in orientation is still specula
tive, the present study does constrain its nature. The
experiments indicate that it is due to the nature of the rep
resentations of line orientations outside of the central focus
of attention and is not the result of the specific method
we employed in our experiments.

The present study implies a second, more general point.
The experiments demonstrate that perceptual relations be
tween the target and the flankers can have more complex
effects on congruency than were previously envisioned.
These possible effects of structural relations between stim
uli have to be taken into account in studies using the
flanker task.

Finally, since the present study adds constraints to the
nature of early representations of line orientations out
side of the central focus of attention, experiments using
this method can also shed light on the nature of other rep
resentations outside of the focus of attention. For exam
ple, Tsal and Mevorach (1991) have recently shown that
the length of such stimuli is consistently judged to be
greater than the length of the same stimuli when atten
tion is directed toward them. It is possible, therefore, that
in a flanker task in which responses are determined by
the length of the target, flankers will be congruent with
the target only when they are shorter than the target.
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NOTES

1. Kramer, Tham, and Yeh (1991) have recently reported a series
of experiments in which they failed to replicate the results of Driver
and Baylis (1989). We have also conducted a number of experiments
in an effort to replicate these findings. As with Kramer et al.. we were
unsuccessful.

2. The size manipulation was originally designed for purposes not
discussed in this article. One consequence of the original design is that
the length of the neutral stimuli was not manipulated. In addition, the
physical characteristics of our monitor did not enable us to create di
agonal lines of the exact same lengths as the vertical and horizontal lines.
However, as discussed later in the text, the size manipulation had no
effect on the results of any of the experiments reported in this study.
Therefore, it is unlikely that either the differences in size between the
two tasks or the fixed size of the neutral stimulus had any effect on the
results.
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3. It is possible that a right-tilted line may induce a response bias
toward the left key (because its lower part points to the left) and that
a left-tilted line may induce a response bias toward the right key. The
findings of no response bias rule out this possibility as well.

4. Comparison of the flanker task between studies immediately re
veals that the congruency effect can be obtained over a range of RTs
(compare, for example, B. A. Eriksen & C. W. Eriksen. 1974, with
Miller, 1991). However, these experiments never compared two spe
cific stimuli, such as diagonal and vertical/horizontal lines, over a range
of RTs. It is possible that the congruency effect for a given stimulus
changes with the overall RT.

(Manuscript received lune 3, 1992;
revision accepted for publication December 9, 1992.)

Erratum
Fortin, C., Rousseau, R., Bourque, P., and Kirouac, E. Time estimation and concurrent non

temporal processing: Specific interference from short-term-memory demands. Perception & Psycho
physics, 1993, 53(5), 536-548-0n page 546, what should have been the sixth line in column 2
(first line of paragraph 2) is missing. With the missing line inserted, paragraph 2 should correctly
start out with:

Task complexity refers to the number of operations re-

and continue with:

quired to accomplish a task, and task difficulty refers to


