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Four experiments were conducted using a flanker task with 1 distractor appearing either on the
left or right side of a central target. Responses were made on a keyboard aligned parallel to the
displays. A larger flanker effect was obtained when the distractor was on the same side as the
response. Two factors account for this asymmetry. First, when the flanker and target are
identical, the 2 form a group that is assigned a spatial tag, creating a form of the Simon effect
on the basis of the compatibility between the response keys and the group. Second, preparation
of a lateralized response appears to entail a shift of visnal attention in the corresponding
direction, thus enhancing processing of the flanker on the response side. Consistent with the
2nd hypothesis, participants were mare likely to correctly recognize letters that were briefly
presented at the distractor position on the same side as the response.

Visual attention has been studied in a variety of tasks in
which participants are required to respond to a target at a
known location while attempting to ignore irrelevant infor-
mation presented at distractor locations. One widely used
task is the flanker task, first introduced by B. A. Eriksen and
Eriksen (1974). In this task, a target stimulus is presented at
the center of a display, and participants make a speeded
identification response. For example, if the target dimension
is color, one response is made if the target is green, and a
different response is made if the target is red. The target is
flanked by distractor stimuli that are mapped to the same
responses (i.e., red or green) or are neutral in terms of their
response assignment (i.e., blue). The flanker effect refers to
the fact that participants are faster to respond and make
fewer errors when the target and distractors are congruent
(i.e., red target flanked by red distractors} compared with
when the target and distractors are incongruent (i.e., red
target flanked by green distractors). Response latencies in
the neutral condition, in which the flankers are not associ-
ated with assigned responses (i.e., red target flanked by blue
distractors), are typically intermediate, indicating that the
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flanker effect entails both facilitation and interference (e.g.,
Cohen & Shoup, 1997).

The very existence of the flanker effect reveals limitations
in the focused allocation of visual attention. Although the
target always appears at a known, central location, people
are unable to ignore the peripheral distractors. The locus of
this interference remains controversial, Some theorists have
attributed flanker interference to competitive processes
occurring at the level of stimulus identification (Kornblum,
Hasbroucg, & Osman, 1990). On the other hand, consider-
able evidence suggests that a prominent source of interfer-
ence arises at stages of processing associated with response
selection (Coles, Gratton, Bashore, Eriksen, & Donchin,
1985; C. W. Eriksen & Eriksen, 1979; see Cohen & Shoup,
1997, for a review). That is, because of limitations in
selective attention, task-relevant responses associated with
the target and distractors are both activated, and it is
primarily the interaction of these codes that underlies the
flanker effect.

In the standard version of the flanker task, the central
target is flanked by two identical distractors. Several investi-
gators have modified this display arrangement to examine
asymmetries that might arise as a function of the position of
the distractors. In these studies, a task-relevant distractor is
presented on only one side, or distractors are presented on
both sides but are different from each other, so that the
influence of each distractor can be determined. We call these
designs unilateral and mixed flanker displays, respectively.

One such study was reported by Harms and Bundesen
(1983). They found that for letters the flanker effect was
larger when a distractor letter was presented on the left side
of the target compared with when the distractor was
presented on the right side. They interpreted this asymmetry
as reflecting hemispheric asymmetries, with the right cere-
bral hemisphere presumed to be faster in identifying single
Ietters than the left hemisphere. However, Hommel (1995)
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argued that the asymmetry was due to a left-to-right
scanning process for verbal material. By this hypothesis, the
flanker and target are assumed to resemble words and thus to
trigger the scanning process leading to a bias in processing
of the left-sided flanker. In support of this account, Hommel
found that the asymmetry disappeared when the spacing
between letters was increased, rendering them less wordlike.
Moreover, for mirror-reversed letters, the asymmetry re-
versed, with the letter on the right producing a larger effect,
although this interaction was only marginally significant.
Thus, the left-right asymmetry appears to be limited to
wordlike stimuli.

More recently, unilateral flanker displays have been used
to study the performance of patients with focal brain lesions.
Cohen, Ivry, Rafal, and Kohn (1995) tested two patients with
extinction, a disorder of attention in which the patients show
markedly reduced awareness of stimuli presented in the
contralesional hemifield. Despite this deficit, extensive im-
plicit processing of the neglected information has been
observed in studies using indirect measures such as priming
(see McGlinchey-Berroth, Milberg, Verfaellie, Alexander, &
Kilduff, 1993). Cohen et al. provided further evidence of this
phenomenon, showing that the magnitude of the flanker
effect was similar when the single distractor was presented
in the contralesional hemifield compared with when it was
presented in the ipsilesional hemifield. Thus, response code
activation does not require that participants be aware of the
irrelevant information.

Rafal et al. (1996) followed up on this result, testing
patients with lesions in either the left or right lateral
prefrontal cortex, a cortical region that has been associated
with the preparation, maintenance, and selection of task-
relevant responses {e.g., Frith, in press). For these patients,
the flanker effect was much larger when a unilatera! flanker
was presented in the ipsilesional hemifield. This asymmetry
was obtained even though the patients were fully aware of
the flankers on either side, and in fact, patients showed no
asymmetry in response latencies when required to report the
identity of the flankers. Thus, Rafal et al. concluded that the
lateral prefrontal cortex is critical for maintaining the codes
linking stimuli to particular responses and that the activation
of these codes is lateralized, with each hemisphere biased to
represent potential actions associated with stimuli in the
contralateral hemifield.

The cument project was initiated to further test this
hypothesis with neurologically healthy individuals. Rafal et
al. (1996) proposed that the response codes for lateralized
stimuli are primarily represented in the contralateral hemi-
sphere. Assuming that this hemisphere is dominant in the
control of the contralateral hand, then the magnitude of the
flanker effect should show an interaction between the side of
the flanker and the hand used to respond. Specifically, we
predicted that when all responses were made with the right
hand, the flanker effect would be greater when the distractor
was to the right of the target and, correspondingly, that the
flanker effect from left-side distractors would be greater
when responses were made with the left hand. Consider the
former situation. We assume that the left hemisphere is
dominant when responding with the right hand. With

distractors on the right, response codes associated with both
the central target and distractor items would be activated in
the left hemisphere, leading to response competition. How-
ever, with left-side distractors, only the response code
associated with the target would be strongly activated in the
left hemisphere, and thus the flanker effect would be
attenuated.

As shown below, the results failed to provide support for
this prediction. However, we did obtain an interesting
asymmetry between the side of the response and the side of
the flanker, with the flanker effect larger when the distractor
was on the same side as the response (irrespective of which
hand was used to make the response). Subsequent experi-
ments suggest that this asymmetry is due to two factors that
affect spatial processing. One factor is perceptual grouping
of the target and distractor, which affects the perceived
position of the target and leads to a form of the Simon effect,
on the basis of compatibility between the response keys and
the spatial position of the group. The second, novel factor is
a shift of visual attention in the direction of the position of
the required response. These results provide further evi-
dence for the spatial and action-based nature of visual
attention. We elaborate on these two factors after the
presentation of Experiment 1.

Experiment 1

We tested healthy college-age students on a unilateral
flanker task. On each trial, the participants made a speeded
response, indicating whether a target circle presented at
fixaticn was colored green or red. One distractor circle,
colored either green, red, or blue, was presenied alongside
the target, either on the left or right side. On the other side,
an achromatic stimulus was presented to maintain the
overall spatial balance of the display because attention has
been shown to be directed toward the center of mass of a
display (Grabowecky, Robertson, & Treisman, 1993), We
used color as the task-relevant dimension to avoid left-right
asymmetrics associated with processing wordlike stimuli
(Harms & Bundesen, 1983; Hommel, 1995). On half of the
experimental blocks, the participants had to respond with
two fingers of their left hand and on the other half with two
fingers of their right hand. As a result of this procedure, we
could evaluate whether there was an interaction between the
side of the distractor and the hand used to respond.

Method

Participants. Sixteen undergraduate students were recruited
from the research participant pool of the Psychology Department at
the University of California, Berkeley. All had normal or corrected
to normal vision. They all reported having normat color vision and
being right-handed.

Appararus and stimuli. Stimulus presentation and response
collection were controlled by a 386-based personal computer. The
stimuli were presented on a 14-in. (35.6-cm) VGA monitor (Sony
Trinitron) with 640 X 320 pixel resolution. The participants were
seated 97 cm from the screen. They rested their heads in a chin rest
to maintain this distance. Responses were made on two horizon-
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tally aligned Plexiglas keys of a response board, with a 7-mm
distance separating the 2-cm keys.

The stimuli were displayed at the center of the monitor. Each
stimulus array consisted of three rings (i.e., the letter O). The
middle ring, the target, subtended a visual angle of 0.35° in width
and 0.47° in height. Two rings that were somewhat larger in size,
measuring (.53° in width and 0.7° in height, flanked the target. The
edge-to-edge horizontal distance between the target and flanking
rings was 0.59°. A white line, 0.53° in length, was drawn under
each ring. These lines were included to assist the participants in
focusing their attention at the center position, the location of the
target on all trials. The target circle was either green or red. One of
the flanking rings—the distractor—was green, red, or blue. The
other flanking ring was always gray. The colors were highly
discriminable, set by using only one of the three color guns of the
VGA monitor for the target and distractor and by using an equal
balance from all three for the gray ring and lines. The testing
chamber was dimly illuminated from a back-projected light bulb
placed behind the computer screen.

Procedure. Patticipants were tested individually. The three
lines were visible throughout the test session. Each trial began with
the presentation of an asterisk above the middle line of the display.
The asterisk served to alert the participants to the upcoming trial
and served as a fixation point because the target would appear at the
same location, After a 500-ms fixation interval, the asterisk was
erased, and the screen remained blank except for the three white
lines. After another 500 ms, the three rings appeared. A speeded
response was required, with the participant pressing one of the two
response keys to indicate whether the center ring was green or red.
The participants were instructed to respond as fast as possible,
while keeping errors to a minimum. Incorrect responses were
followed by the presentation of one 1,000-Hz tone. If no response
was detected within 6 s, no response was recorded for that trial,
and two 1,000-Hz tones were presented. The intertrial interval
was 1.5 s,

There were 12 kinds of trials (2 target colors X 3 distractor
colors X 2 distractor positions). Within a block, each trial type
occurred eight times for a total of 96 trials. Each participant
completed six experimental blocks, responding with each hand on
three consecutive blocks. The starting hand was counterbalanced
across participants. Responses were made with the index and
middle finger of the designated hand. Further counterbalancing was
_performed on the response mapping, with the left-right order being
green—red for half of the participants and red-green for the other
half, Prior to the first test block with each hand, a practice block
consisting of 36 trials was run. The entire experimental session
lasted approximately 50 min.

Results

The participants responded correctly on 97% of the trials.
Trials on which the response was incorrect were excluded
from the response time (RT) analysis, as were correct
responses in which the RT was less than 100 ms or greater
than 1 s. The RT criterion resulted in the exclasion of an
additional 0.6% of the total trials. The data of 1 participant
were excluded from further analysis. Even after excluding
5% of his responses because they were longer than 1 s, his
mean RT was considerably longer (556 ms) than that
obtained for the other participants (M = 442 ms, SD =
37 ms).

The mean RT for each participant in each condition was
computed and submitted to a four-way repeated measure

analysis of variance (ANOVA). The variables of the ANOVA
were hand (left or right hand), response side (left or right
response key), distractor position {colored distractor was on
left or right side of target), and congruency (target—distractor
relationship was congruent, incongruent, or neutral). In
accord with previous results with this task (Cohen et al.,
1995; Rafal et al., 1996), there was a significant congruency
effect, F(2, 28) = 19.04, p < .001. Overall, congruent trials
resulted in faster latencies (433 ms) than incongruent trials
(450 ms), with the mean latency on neutral trials falling
between these two values (441 ms). The difference between
congruent and incongruent trials was only 17 ms. This value
was similar to that obtained in pilot studies for the Cohen et
al. (1995) study. The relatively small magnitude of the effect
likely reflects the fact that there was only one task-relevant
distractor.

The hypothesis that the magnitude of the flanker effect
would be greatest when the distractor appeared on the same
side as the responding hand predicts an interaction of three
variables: hand, distractor position, and congruency. This
three-way interaction was only marginally significant, F(2,
28) = 2.81, p = .077, although the trend was in the predicted
direction. When the distractor was on the same side as the
responding hand, the difference between the congruent and
incongruent trials was 21 ms. When the distractor was on the
opposite side from the responding hand, the difference was
only 14 ms. A two-tailed ¢ test of these difference scores also
failed to reach statistical significance, 1(14) = 1.49, p = .15.
Some caution should be taken in interpreting this null result,
given that the power is relatively low. Using a criterion
power level of .80, a sample size of 95 participants would be
required to reach significance, given a mean difference of 7
ms with a standard deviation of 18 ms. .

Unexpectedly, there was a significant three-way interac-
tion of response side, distractor position, and congruency,
F(2,28) = 15.57, p < .001. To make this effect transparent,
we recoded the data in terms of a new variable: correspon-
dence. Trials in which the position of the distractor and the
correct response key were the same in terms of relative
position were labeled corresponding {e.g., right-side distrac-
tor with green target for a participant for whom the green
response key was on the right side of the response board).
Trials in which the position of the distractor and the correct
response key had different relative positions were labeled
noncorresponding (e.g., left-side distractor with green target
for a participant for whom the green response key was on the
right side of the response board). Note that the terms
corresponding and noncomresponding do not vary as a
function of distractor-target congruency but rather simply
refer to the relative spatial positions of the distractor and
correct response key. The mean latencies and error rates in
terms of the correspondence variable are shown in Figure 1.
When the distractor was on the same side as the response,
the flanker effect was 29 ms. When the distractor was on the
opposite side of the response, the flanker effect was reduced
to 6 ms.

The error data were submitted to similar analyses. Rather
than use the raw data in the ANOVA, we entered values
obtained after an arcsine transformation was performed on
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Figure 1. Mean reaction times (lines) and error rates (bars) in
Experiment 1 as a function of distractor congruency and correspon-
dence between distractor position and response side. Error bars
indicate standard error.

the accuracy scores. This transformation was necessary,
given a significant deviation from the normal distribution
that was due to the low error rates. Unlike the RT data, there
was no main effect of congruency, F(2, 28) = 2.07, p =
.145. The test for a three-way interaction between hand,
distractor position, and congruency was not significant, F(2,
28) < 1. In contrast, there was an effect related to the
correspondence between the distractor position and response
side, as indicated by the significant interaction between
response side, distractor position, and congruency, F(2,
28) = 6.11, p = .006.

Discussion

Contrary to our expectations, the results do not support
the hypothesis that the influence of the distractor would be
greater when it was presented on the side of the responding
hand. This null result is tempered by the fact that the
three-way interaction approached significance in the RT
data. Furthermore, it is possible that the distractors were not
strictly lateralized for at least two reasons. First, we did not
directly monitor eye movements. We assumed that partici-
pants fixated at the center position, both because of our task
instructions and because the target always appeared at this
position. Second, despite the fact that the flanking circles
were presented to the left and right of the target, their
eccentricity was still quite small, with the center of the
distractor about 1° from the center of the display. Receptive
fields, even in relatively early visual areas, span the ipsilat-
eral visual field to this distance (e.g., Gattass, Sousa, &
Gross, 1988), thus providing some direct input from each
flanker to both the contra- and ipsilateral hemispheres.
Nonetheless, the displays used in this study are comparable
to those in Rafal et al. (1996), and using a higher eccentricity
would result in a much weakened influence of the distrac-
tors. Moreover, we have conducted a series of other experi-
ments to provide a more rigorous test of the laterality

hypothesis. In none of these has there been a significant
interaction between distractor position and response hand.!

Experiment 1 did reveal a different way in which the
magnitude of the flanker effect was modulated. The congru-
ency effect was greater when the relative positions of the
target and response key were in correspondence. For ex-
ample, when the target required a response on the left
response key, the congruency effect was larger when the
distractor had appeared on the left side. We consider two
possible explanations for this finding.

The attentional-shift hypothesis. The congruency effect
arises because people are unable to completely filter out the
flanking objects. Even though they know they need only
respond to the stimulus at the center position, the effect
indicates that the distractors are processed to a sufficient
degree so as to activate associated response codes. The
magnitude of the congruency effect is, however, a function
of the distance between the target and distractor (e.g., B. A.
Eriksen & Eriksen, 1974). If the flanking items are moved to
more eccentric locations, the congruency effect can be
eliminated. This attenuation with distance can be interpreted
as demonstrating a spatial extent of the focus of attention {cf.
Cohen & Shoup, 1997). When this distance is sufficiently
great, the target and distractors are sufficiently separated
such that responding to the target is no longer influenced by
the distractors.

Following this line of reasoning, we propose that the
focus of spatial attention is reallocated in the direction of a
forthcoming response (see Figure 2, upper panel). As
information concerning the identity of the target accumu-
lates, the participant begins to prepare a spatially directed
response, pressing the key on either the left or right side of
the keyboard. We assume that the effect of this action code is
not limited to the motor system. Rather, visual attention is
also shifted in the direction of this candidate response. A
consequence of this shift is that processing efficiency for the
two flanking positions becomes asymmetric, with more
efficient processing occurring for the flanking object that is
on the same side as the forthcoming response. Note that this
hypothesis assumes a high degree of interaction between
perceptual- and response-selection processes. Sufficient pro-
cessing of the target color must have occurred to produce the
attentional shift, and this response-based shift must occur

' We conducted three other studies to test the laterality hypoth-
esis (Ivry, Cohen, Diedrichsen, & Danziger, 1997). In the first one,
we used a mixed flanker task. A congruent or incongruent distractor
on one side could be presented together with a congruent,
incongruent, or neutral distractor on the other side. In the second
and third experiments, the distractor could be presented not only to
the left and the right of the target but also above and below it. The
keyboard was aligned either in a horizontal or vertical fashion. This
arrangement allowed the lateralization of the stimuli and the
direction of the response axis to be orthogonal. In none of the
studies was there any evidence of an interaction involving the hand
used for responding, distractor position, and distractor congruency.
However, in all of the smdies, the three-way interaction between
response side, congruency, and distractor position was significant
when the keyboard was parallel with the alignment of the flankers,
replicating the unexpected finding of Experiment 1.
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Figure 2. Two hypotheses for the asymmetry in the reaction time
data of Experiment 1. The graph shows a situation with a red target
(small circle with R) and a response mapping red-left key,
green-right key. The position of the distractor (large circle with R
or () is either corresponding (left trials) or noncorresponding (right
trials) with the side of the response. The attentional-shift hypoth-
esis (upper panel) predicts for both congruent and incongruent
trials that when the display is presented (t;), visual attention
(represented by the gray oval) is focused on the center target. When
the appropriate response is prepared (t;), attention is shifted to the
side corresponding with the response and leads to a larger influence
of the corresponding distractor. The perceptual-grouping hypoth-
esis (lower panel) proposes that in congruent trials the target and
distractor form a perceptual group (indicated by the connecting
line), which then induces a task-irrelevant spatial code. This code
interferes or facilitates response execution. No grouping occurs on
incongruent and neutral trials for which no asymmetry should be
observed. G = green; R = red.

with sufficient rapidity that it allows a distractor on that side
to exert a stronger influence on the actual RT compared with
the influence of a distractor on the other side. Interactive
madels of this sort are not compatible with strictly serial
models in which perceptual identification proceeds response
selection (e.g., Kornblum et al., 1990).

The idea that the focus of attention is intimately linked to
action systems has been proposed by a number of research-
ers (Rizzolatti, Riggio, & Sheliga, 1994; Tipper, Lortie, &
Baylis, 1992). According to this view, spatial information is
essential for the preparation of potential actions, with
separate representations existing for different types of move-
ments (e.g., oculomotor or reaching). Spatial selective
attention is embedded in these representations, with the
focus of attention intimately linked to the potential actions.
The reference frame on which attention operates reflects
these links. For example, in reaching for an object, attention
may shift from an initial focus at the starting position of the
hand to the location corresponding to the goal of the action
(Rizzolatti et al., 1994). In support of this hypothesis, Tipper
et al. reported that the latency to initiate a reaching

movement increased when distracting stimuli are in the
vicinity of the trajectory of the planned movement. By
varying the starting position of the hand and direction of the
trajectory with respect to the body (i.e., movements either
away from or toward the body), attention was found to
operate in an action-centered representation,

The perceptual-grouping hypothesis. An alternative ex-
planation of the interaction between the position of the
distractor and the relative position of the response can be
derived by considering the Simon effect (Simon & Small,
1969; for a review, see Lu & Proctor, 1995). In a Simon task,
the relevant stimulus dimension is a nonspatial feature such
as shape or color, with the target stimulus being presented on
one side or the other of fixation. Responses to different
values on this dimension are assigned to spatially coded
responses (e.g., left and right response keys). The Simon
effect refers to the fact that although stimulus position is
irrelevant, this factor interacts with the position (or direc-
tion) of the response. Responses are faster when a target’s
location corresponds to the location of its assigned response
than when stimulus-response mappings are spatially incon-
gruent. The effect is explained by the fact that the position of
the target automatically invokes a spatial code and that this
spatial code interacts with the spatial code associated with
the response (e.g., Wallace, 1971), or, more precisely, the
location of the consequence of an action (Hommel, 1993a).

In Experiment 1, the target was always presented at the
center of the display. However, on congruent trials, the target
and distractor were the same color. Thus, they could be seen
as forming a perceptual group, shifted to one side of the
display (see Figure 2, lower panel). The key idea of the
perceptual-grouping hypothesis is that as with the Simon
effect, a spatial code is automatically generated, correspond-
ing to the relative position of the group.? For example, if a
congruent flanker is to the left of the target, then the spatial
code for this group would be “left”. If that target is
associated with the left response key, then the two spatial
codes are in correspondence with one another. If that target
is associated with the right response key, then the two spatial
codes are in conflict. Response latencies should be faster in
the former situation, analogous to what happens in standard
conditions eliciting a Simon effect.

In summary, the attentional-shift and perceptual-grouping
hypotheses provide two interpretations of the asymmetric
flanker effects observed in Experiment 1. The attentional-
shift hypothesis posits that the influence of the distractor
varies as a function of its position with respect to the side of
the forthcoming response. In contrast, the perceptual-
grouping hypothesis assumes that the congruency effects in
Experiment 1 are a composite of two factors. First, there is
the flanker effect, reflecting the activation of response codes
associated with the distractor. On top of this is a Simon-like
effect that produces asymmetric effects on congruent trials.
The asymmetry from this perspective is a consequence of

. perceptual grouping.

These two hypotheses are not mutually exclusive, nor do
the results of Experiment 1 provide strong evidence in favor

2 We are grateful to Jon Driver for suggesting this hypothesis.
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of one hypothesis over the other. One difference between the
two hypotheses is that the perceptual-grouping hypothesis
predicts that the asymmetry should be limited to congruent
trials because this is the only condition in which perceptual
grouping should occur. To test this prediction, we directly
compared trials from Experiment 1 with the distractor on the
corresponding and noncorresponding side. In accord with
the grouping hypothesis, responses on congruent trials were
17 ms faster when the congruent distractor was on the same
side as the response compared with when the distractor and
response were on opposite sides, 1(14) = 5.17, p < .001.
However, for incongruent trials, RTs were 7 ms slower when
the distractor was on the same side as the response, a
difference that approached significance, #(14) = 2.01, p =
0547 Asymmetries on incongruent trials cannot be ex-
plained by the grouping hypothesis, assuming that a group
would not be formed when the target and distractor are
different colors.

A second prediction of the perceptual-grouping hypoth-
esis can also be evaluated with the congruent trials of the
current data set.* The Simon effect is known to decrease with
increasing RT (De Jong, Liang, & Lauber, 1994; Homtel,
1993b). Assuming the putative grouping effect follows a
similar time course, the effect of the correspondence be-
tween flanker side and response side should alsoc be in-
versely related to RT. In contrast, different predictions would
seem to follow from the attentional-shift hypothesis. One
possibility is that there would be a positive relationship
between RT and the correspondence of flanker side and
response side. This prediction is based on the hypothesis that
on trials with relatively slow RTs, there is more time for
attention to shift in the direction of the response and thus
influence the ongoing response-selection process. Alterna-
tively, there may be no relationship between RT and the
correspondence effect if one assumes that the attentional
shift is time-locked to the selection of the overt response.
According to this hypothesis, attentional shifts occur more
rapidly on trials with fast RTs than on trials with slow RTs.

Following the analysis of De Jong et al. (1994), we
divided the distribution of congruent trial reaction times into
five equal quantiles for each participant for the two levels of
correspondence. We calculated the difference between trials
in which the distractor was on the response side from trials
in which the distractor was on the opposite side, using the
means for each quantile. Contrary to the prediction based on
the perceptual-grouping hypothesis, the results show that the
difference between the corresponding and noncorresponding
conditions increases with RT, F(4, 56) = 7.66, p < .001. For
the fastest quantile, the difference was only 5 ms; for the
slowest quantile, the difference was 40 ms, and the function
was monotonic. We also performed a similar analysis on the
incongruent trials. As noted above, the perceptual-grouping
hypothesis does not predict an effect of distractor—response
correspondence here. The results for this comparison are
ambiguous. The difference between the corresponding and
noncorresponding conditions was greatest for the longest RT
quantile, with the noncorresponding being faster, a result
consistent with one variant of the attentional-shift hypoth-

esis. However, the 8-ms increase was not significant (from 3
ms to 11 ms}, F(4, 56) < 1.

Experiment 2

In Experiment 1, the distractor was always identical to the
target on congruent trials. Thus, congruency and grouping
were confounded. Experiment 2 was designed to dissociate
these two factors. To this end, two colors were assigned to
each response and a 4:2 stimulus to response mapping was
used. If the target was red or green, the participants were
required to press one key, and if the target was blue or
yellow, the participants were required to press the other key.
In this manner, there were two types of congruent trials:
identical, in which the target and distractor were the same
color, and different, in which the target and distractor were
nonidentical (different) colors. Previous studies with bilat-
eral flankers have shown that RTs are faster on both types of
congruent trials compared with incongruent trials, although
the effect is slightly reduced for the nonidentical condition
(e.g., Cohen & Shoup, 1997; C. W, Eriksen & Eriksen,
1979). Grouping should occur only if one of the distractors
is identical in color with the target (i.e., the identical
congruent condition). It should not occur in either the
different congruent condition nor in the two variants of
incongruent trials (e.g., red target with either a blue or
yellow distractor). The neutral condition was not included.

A single colored distractor was again presented on each
trial, either on the left or right side with a noncolored flanker
on the opposite side to maintain symmetry in the displays.
The side of the distractor either corresponded to the relative
position of the response or to the other side. According to the
perceptual-grouping hypothesis, the position of the distrac-
tor should be relevant only for the identical congruent
condition. For this condition, the congruency effect should
be larger when the distractor appears on the same side as the
response. In all of the other conditions, the congruency
effect should be symmetric. In contrast, the attentional-shift
hypothesis predicts an asymmetry in all conditions. On
congruent trials, RTs should be faster when the distractor
appears on the same side as the forthcoming response
because of the facilitated processing of a stimulus linked to
the same response. On incongruent triais, RTs should be
slower when the distractor appears on the same side because
of the facilitated processing of a stimulus linked to the
opposite response.

3 To evaluate the validity of this small effect, we submitted the
data of Experiments 1 and 2 and the three experiments mentioned
in Footnote 1 to a single ANOVA. We used all trials with
incongruent distractors on one side and a neutral flanker on the
other side, with the keyboard aligned paraliel to the display. The
analysis involving 112 participants revealed that responses were 5
ms slower when the incongruent distractor appeared on the side
corresponding to the side of the response compared with trials in
which the incongruent distractor appeared on the noncorresponding
side, #(111) = 3.044, p = .003.

4 We wish to thank Bernhard Hommel for this suggestion.
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Method

Participants. Forty-two college students participated in ex-
change for course credit. Handedness information was inadver-
tently not collected at the time of testing.

Apparatus and stimuli. ‘The general setup was similar to that
used in Experiment 1. The rings were replaced by filled circles,
with the diameter of the target circle 0.35° and the diameter of the
flanking circles 0.59°. The color values were changed in this
experiment to create a set of four, highly discriminable colors: red,
green, blue, and yellow. For half of the participants, as in
Experiment 1, markers were presented below the target and
flankers. For the other half of the participants, no marker was
present,’

Procedure. The procedure was identical to that used in Experi-
ment 1, An asterisk appeared at the target position at the start of
each trial and remained visible for 500 ms. It then disappeared, and
the stimulus display was presented 500 ms later. The participants
pressed one of two response keys, indicating the color of the target
circle. All of the responses were made with the index finger of the
right hand, and between trials the participant rested this finger at an
intermediate home position. Red and green were always assigned
to one response key and yellow and blue to the other response key.
The left-right orientation of the response keys was counterbal-
anced across participants. The trial ended when a response was
detected or after 3 s had elapsed. The feedback tone was played on
incorrect trials and after omissions.

There were 32 different types of trials (4 target colors X 4
distractor colors X 2 distractor positions). Each tial type was
presented four times in each experimental block of 128 trials.
Participants completed five experimental blocks during a 1-hr
session. These blocks were preceded by two practice blocks of 32
trials each,

Results

The data from 4 participants were dropped from the
analyses because their mean RTs were considerably higher
(over 750 ms) than the overall mean RT (553 ms) and
because their latencies were highly variable (SDs > 400
ms). For the remaining 38 participants, incorrect trials (2%)
were excluded from the RT analyses as were any responses
that were more than three standard deviations from the
individual means (1% of all trials).

For each condition, the mean RT was computed for each
participant, and these data were submitted to a three-way
ANOVA consisting of the following variables: congruency
(identical congruent, different congruent, and incongruent),
distractor position (left or right), and correspondence (distrac-
tor on response side or nonresponse side). The main effect
for distractor position was not significant, F(1, 37) = 1.79,
P = .196, nor did this variable interact with the other two.
There was a significant effect of congruency, F(2, 74) =
20.32, p < .001, and a significant interaction between the
congruency and correspondence variables, F(2, 37) = 8.33,
p = .006. The means and error rates for this interaction can
be seen in Figure 3.

We compared the RTs for trials that had a distractor
appearing on the same side as the forthcoming response with
trials that had the distractor on the other side, separately for
the identical congruent, different congruent, and incongruent
trials. Both the perceptual-grouping and the attentional-shift
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Figure 3. Mean reaction times (lines) and error rates (bars) in
Experiment 2 as a function of distractor congruency and correspon-
dence between distractor position and response side. Error bars
indicate standard error. congr. = congruent.

hypotheses predict a faster reaction when an identical
distractor is presented on the same side as the response.
Indeed, a difference of 16 ms could be found, #(37) = 5.05,
p < .001. For the different congruent condition, this
difference was only 4 ms. Although this difference was in the
direction predicted by the attentional-shift hypothesis, it was
not significant, #(37) = 1.29, p = .203. For incongruent
distractors the attentional-shift hypothesis predicts slower
RTs for a distractor on the response side. Only a 2-ms
difference could be found, a nonsignificant result, 2(37) < 1,
p = .359. Thus, these results are in accord with the
predictions of the perceptual-grouping hypothesis.

The analysis of errors provides a somewhat different
picture. The arcsine-transformed individual accuracy rates
were submitted to a two-way ANOVA with variables of
congruency and correspondence. We found a significant
effect of congruency, F(2, 74) = 5.2, p = .008. There was
also a significant interaction of the variables congruency and
correspondence, F(2, 74) = 3.7, p = .028. There were more
errors (3%) when an identical distractor was presented on
the response side compared with an identical distractor on
the opposite side (2% errors). Thus, the difference in RT in
these conditions may in part be due to a speed-accuracy
trade-off. The error rates for incongruent and different
congruent distractors do not differ for response-side and
opposite-side distractors.

Discussion

The results from Experiment 2 are in accord with the
predictions of the perceptual-grouping hypothesis. A signifi-

¥ We included this control variable because we eliminated the
markers in intermediate studies (see Footnotes 1 and 3) and wanted
to make sure that this had no influence on the results. We included
this variable as a fourth factor in the ANOVA, mentioned in the
Results section of Experiment 2, and found no significant main
effect or interaction involving this variable.
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cant asymmetry in the magnitude of the Hanker effect was
found when the target and distractor were the same color.
‘When the two objects were both linked to the same response
but differed in color, the flanker effect was statistically
symmetric. This pattern of results is consistent with the
hypothesis that the response latencies in the unilateral
flanker task reflect two factors. First, there is the basic
interaction between the response codes associated with the
target and the distractor. This interaction is facilitatory when
the two are mapped to the same response, and this interac-
tion produces interference when the two are mapped to
different responses. Second, there is a Simen-like effect that
arises on account of perceptual grouping. When the distrac-
tor and target are identical in color, a perceptual group is
created on one side of the display. We assume this creates a
task-irrelevant spatial code corresponding to the side of the
group. This code interacts with the spatial codes associated
with the responses, producing facilitation if the codes are in
correspondence and interference if the codes are in conflict.

The attentional-shift hypothesis would also predict an
asymmetry on identical congruent trials. By this hypothesis,
the observed asymmetry results from the shift of visual
attention in the direction of the forthcoming response. The
larger flanker effect when the distractor and response side
are in correspondence would result from the heightened
processing of a distractor on the response side. However, the
attentional-shift hypothesis also predicts that this asymmetry
should have been observed on the different congruent trials
as weil. We did not find a significant asymmetry here,
although the magnitude of the flanker effect was greater
when the distractor and response side were in correspen-
dence. This raises the possibility that both hypotheses may
be viable but that the current design was only sufficiently
sensitive to detect the effects of perceptual grouping or the
combined effects of perceptual grouping and response-based
shifts of attention.® An attentional shift would likely produce
only subtle effects in the current task, given that the shift can
only be triggered after sufficient information has accumu-
lated concerning the forthcoming response. We thus sought
more direct evidence for an attentional shift in the following
experiment.

Experiment 3

The action-based attentional-shift hypothesis assumes
that as a spatially directed response is selected and initiated,
attention is shifted in the direction of the forthcoming action.
This shift would be functional in the sense that processing
from the location of the action would be enhanced (Riz-
zolatti et al., 1994; Tipper et al., 1992). In the preceding
experiments, we looked for evidence of such a shift indi-
rectly, testing whether the interference from peripheral
distractors was more potent on the identification of a central
target when the distractor was on the same side as the
response. An alternative is to directly look for evidence of an
attentional shift by comparing processing efficiency at
locations either in the direction of the assumed shift or in the
opposite direction.

To this end, we designed a dual-task version of a flanker

task. The primary task required the participants to make
speeded responses, indicating the color of a central circle.
After establishing that perceptal grouping is an important
factor, we decided to use a symmetric display to eliminate
asymmetric effects of perceptual grouping. The target was
thus flanked on the left and right by two larger circles of the
same color. This color was again mapped to the same
response as the target (identical congruent), mapped to the
other response (incongruent), or not mapped to either
response (neutral). For the secondary task, the two distractor
circles were briefly replaced by two letters, one on each side.
After the speeded response on the flanker task was com-
pleted, the participants reported the identity of the two
letters. Although speed and accuracy were emphasized for
the primary task, the participants were informed that only
accuracy was being assessed on the secondary, letter-report
task.

If attention moves in the direction of the forthcoming
response, then letter identification should be better on the
side corresponding to this response. This follows from our
characterization of response selection and initiation as an
interactive accumulation process rather than as a sequential
process (C. W. Eriksen & Schultz, 1979; McClelland, 1979),
As processing unfolds for a spatially directed response,
attention shifts in the direction of the leading candidate and
should thus enhance processing from this side. Given that
RTs for the flanker task average around 400 ms, one would
expect to see the effects of the attentional shift at earlier
points in time. To examine the time course of the shift, the
letters were presented either 100 ms or 300 ms after the
onset of the flanker display. To prevent the participants from
delaying processing of the letters until after the speeded
response was completed, it was important to mask the
letters. In a series of pilot studies, we used a brightness
mask, created by simply flipping from the colored circles to
the letters and then back to the circles. However, this form of
masking did not appear to be very effective. We thus
switched to a pattern mask to ensure that processing of the
letters would have to take place during the presentation of
the flanker displays.

On the other hand, it was also important that the
participants perform the flanker task comparably in the
100-ms and 300-ms stimulus onset asynchrony (SOA)
conditiens. To achieve this goal, a monetary bonus based on
performance in this task was implemented. The participants
were repeatedly instructed that their bonus depended on how
quickly and accurately they responded to the color of the
central target.

§ Similar to Experiment 1, we performed a distributional analysis
on the data from Experiment 2. Contrary to the predictions based
on De Jong et al. (1994), the correspondence effect increased with
RT for both congruent conditions. For the identical condition, it
rose from 10 to 26 ms from the first to fifth quantile, F(4, 148) =
1.67, p = .161; for the different congruent condition, it rose from
=5 o 16 ms, F(4, 148) = 2.57, p = .041. The fact that the
distributional analysis is similar for these two conditions is at odds
with a simple grouping hypothesis.
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Method

Participants.  Eighteen students were recruited from the Univer-
sity of California, Berkeley community for this experiment. They
received a base pay of 36 for the 1-br session and an additional
monetary bonus based on their performance on the flanker task.
Seventeen of the participants were right-handed, and one was
left-handed. All of the participants used their dominant hand for the
flanker task,

Appararus and stimuli. The apparatus was identical to that
used in the previous experiments. The target and distractors were
circles, identical in size and arrangement to Experiment 2, and
these were presented horizontally without the line markers. The
distractors could be red, green, or blue, and the target color was
selected from a subset of two of these colors. For the letter
identification task, a set of eight capital letters was used (4, S, D, F,
G, H, J, and X)), measuring approximately 0.3° in width and 0.4° in
height. A number sign (#) of the same size served as the mask.

Procedure. For each participant, two of the colors were
designated targets and were mapped in a counterbalanced fashion
to the two response keys. This created six possible mappings based
on three candidate colors to the two response keys. We controlled
the mapping in this experiment to ensure that differences on the
letter identification task could not be attributed to the idiosyncratic
properties of particular colors. The flankers could be any of the
three colors, creating congruent, incongruent, and neutral trials,

Each trial began with the presentation for 500 ms of the fixation
mark (the asterisk) at the center of the display. The screen then went
blank for 500 ms. Next, the flanker display was presented, with the
target circle flanked by two identical distractors, one on the left and
one on the right. After an SOA of either 100 ms or 300 ms, a
randomly selected pair of two different letters was presented for 28
ms, each letter positioned at the center of one of the flankers. The
letters were replaced by the number sign mask. The mask remained
visible for 57 ms and was then replaced in turn by the colored
flankers. The ftanker display was terminated 1 s after its initial
appearance. This duration was fixed in order to equate the stimulus
displays across the conditions.

The participants made a speeded manual response, pressing one
of the two response keys to indicate the color of the target circle.
All responses longer than 1 s were counted as omissions, and
anditory feedback was given as in the previous experiments. After
the speeded response was completed (and feedback was given
when required), the participant named the two letters that had been
presented, without a specified order and without identifying which
letter was left and which was right. When participants reported
seeing neither or only one of the fetters, they were required to
guess, choosing letters from the set of eight potential stimuli, The
letter responses were entered by the experimenter using the
computer keyboard. The experimenter was seated in a position that
prevented him or her from seeing the computer screen. No
immediate feedback was given on the letter task. The next trial
began after an intertrial interval of 1 s.

There were 12 types of trials (2 target colors X 3 distractor
colors X 2 50As). The session began with two training blocks,
consisting of 24 trials each. The first training block was intended to
acquaint the participant with the stimulus-response mapping and
the basic procedure for the flanker task. Although the letters were
presented here, the participant was not asked to respond to them
(and, indeed, it appeared that most of the participants were unaware
of the letters during this phase). The secondary task was then
described, and the participants completed a training block under
dual-task conditions. Nine experimental blocks of 48 trials each
followed the two training blocks. For each trial, the participant
made speeded responses on the flanker task and reported the two

letters. At the end of each experimental block, the participant was
given a short break and received summary feedback conceming
median RT on the flanker task, accuracy on both tasks, and a tally
of the bonus money accumnlated during that block. The bonus was
calculated as follows: $0.60 was paid whenever the median RT for
a block was faster than the previous lowest median RT, with this
amount reduced to $0.20 and $0.10 if participants came within 30
ms or 60 ms of this standard. Two cents were subtracted from the
bonus for every error on the flanker task.

The contrast of the letters was adjusted to avoid both floor and
ceiling effects on the letter identification task. The initial setting for
all of the participants was a moderately bright white. If perfor-
mance on the letter task fell below 70% correct on any block, the
contrast was increased; if performance was above 90%., the contrast
was decreased. It turned out that these adjustments were rarely
required because performance usually fell between these two
bounds.

Results

We first consider the results of the flanker task. Incorrect
responses were recorded on 7% of the trials. A two-way
ANOVA was performed on the remaining data with the
following variables: congruency (congruent, neutral, and
incongruent) and SOA (100 ms and 300 ms). This analysis
revealed a significant main effect of congruency, F(2, 34) =
344, p < 001, with the mean RT on congruent trials being
faster than on incongruent trials (403 ms vs. 440 ms) and the
mean RT on neutral trials falling between these two values
{416 ms). The error data followed this same pattern: The
mean error rates for the congruent, neutral, and incongruent
trials were 3.9%, 6.3%, and 11.3%, respectively, F(2, 34) =
26.73, p < .001. The higher error rates observed in this study
compared with Experiments 1 and 2 presumably reflect the
dual-task requirements, although there are other substantial
differences.

There was a main effect of SOA in the RT data, F(1, 17} =
25.9, p < .001. The mean RT was 13 ms faster in the 100-ms
condition. The cause of this difference is unclear. One
possibility is that the onset of the letters increased arousal.
Alternatively, the effect may reflect specific interactions
between the primary and secondary tasks, such as a tendency
to delay responding to the colored target until the letters had
been presented and identified or greater temporal overlap
between key processing stages associated with the two tasks
at the longer SOAs (see Hommel & Schneider, 1998). There
was a marginally significant difference in error rates be-
tween the two SOA conditions, F(1, 17) = 4.32, p = .053.
Participants made more errors on the flanker task in the
100-ms SOA condition (8%) than in the 300-ms SCA
condition (6%). The interaction between congruency and
SQA was not significant for the RT, F(2, 34) = 1.04, nor for
the error data, F(2,34) < 1.

The main data of interest in this experiment are the letter
identification rates. In every trial two letters were reported,
so that a maximum of 864 letter reports per participant could
be evaluated. Mean accuracy was calculated for each
participant and each cell of a four-way design with the
variables of side (left or right letter), congruency of the
distractor, SOA, and correspondence. For the latter, the letter
responses were assigned to one of two categories on the
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basis of whether the letter had appeared on the same side or
on the opposite side as the response. These data were
subjected to a four-way ANOVA. Because the distribution of
the accuracy data was not skewed, we used the raw values
rather than an arcsine transformation. There was no main
effect of side, F(1, 17) = 1.28, p = .274, although mean
accuracy was slightly greater for letters appearing on the
right side (78%) compared with those appearing on the left
side (74%). There was a main effect of congruency, F(2,
34) = 5.3, p = .010, with overall accuracy higher (78%) on
congruent trials in comparison with either the neutral (74%)
or incongruent (76%) trials.

Most important, 2 main effect was found for correspon-
dence, F(1, 17) = 7.30, p = .015. Identification was more
accurate for the letters appearing on the same side as the key
used to respond on the flanker task (Figure 4, upper panel).
There was also a significant Side X Correspondence interac-
tion, ¥(1, 17) = 7.87, p = .012. The effect due to the
correspondence between the side of the primary task re-
sponse and the side of the letter was mere pronounced for
the letters appearing on the left side of the displays.

The main effect of SOA was not significant, F(1, 17) < 1,
nor were any of the interaction terms. However, as can be
seen in Figure 4, the response-side advantage on the letter
identification task was only really evident with the 100-ms
SOA. The interaction between SOA and correspondence
was marginally significant, F(1, 17) = 3.73, p = .070. Tests
for simple effects indicated a reliable difference between
same-side and different-side letter identification perfor-
mance at the 100-ms SOA, #(17) = 3.26, p = .005, but not at
the 300-ms SOA, ¢(17) < 1, p = .28.

Discussion

Experiment 3 provides direct evidence for an attentional
shift induced by the spatial characteristic of the forthcoming
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Figure 4. Identification rates in the Jetter task of Experiment 3
(upper panel) and Experiment 4 (lower panel) as a function of
correspondence between letter position and response side and
stimulus onset asynchrony (SOA) between colored target and letter.
Error bars indicate standard error.

response. Letters presented on the same side as the flanker
response were identified with greater accuracy compared
with letters presented on the opposite side of the flanker
response. This asymmetry is especially intriguing given that
the displays used in the current experiment were balanced.
By using bilateral distractors that were identical, the dis-
plays themselves should not have biased processing in one
direction ar the other. This suggests that the asymmetry must
reflect the internal dynamics of attention. OQur hypothesis is
that as a response is being selected and prepared, visual
attention shifts in the direction of the candidate response. A
consequence of this shift is that processing asymmetries will
emerge, reflecting this dynamic change in the focus of
attention.

Although the SOA X Correspondence interaction was
only marginally significant, the pattern of results suggests
that this action-based shift of attention was most pronounced
at the 100-ms SOA. A priori, we expected that asymmetries
related to the direction of the forthcoming response would
be greatest at the long SOA because it would be at this point
that the spatially directed response would be most specified.
The fact that the asymmetry was smaller and perhaps even
absent in the 300-ms SOA condition may indicate that the
patticipants were able to overcome the action-induced
displacement of attention, refocusing on the center of the
display in accord with the experimental instructions.

We replicated the results of Experiment 3 in another
experiment that was identical to that described above except
that the SOAs between the onset of the primary task color
patches and the onset of the letters was either 100 ms or 200
ms. With the 100-ms SOA, mean accuracy for reporting the
letter on the response side was 75%, whereas the comparable
value for the letters on the opposite side was 72%, a reliable
difference, #(12) = 3.0, p = .011. In the 200-ms SOA
condition, no difference was obtained (74% for the response
side vs. 73% for the opposite side). Thus, we were able to
replicate both the advantage in reporting the response-side
letters and the fact that this advantage is only manifest at the
short SOA.

Experiment 4

To seek converging evidence for a response-based shift of
attention, we used a different dual-task method in Experi-
ment 4. In this study, the primary task again required
participants to identify as rapidly as possible the color of a
disk, presented at fixation. Unlike the previous experiments,
this target was not flanked by colored distractors. Rather,
two visual streams were presented, one on the left side and
one on the right side. Most of the stimuli in the two streams
were digits. Intermingled with these digits were two Ietters,
and for the secondary task, the participants had to report the
identity of these letters. The two letters always appeared
simultaneously, and we varied the SOA between the onset of
the color patch and the letters from 100 to 500 ms.

The rapid serial visual presentation (RSVP) technique has
been used to examine the temporal characteristics of percep-
tual and attentional processes (e.g., Raymond, Shapiro, &
Amell, 1992). We expected to observe an advantage on the
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secondary task for letters appearing on the same side as the
primary task response, at least for the short SOAs. This
method also allowed us to plot the time course of response-
based autentional shifts over a lopger window, extending
beyond the execution of the speeded primary task response.

Method

Farticipants. Twelve right-handed students from the Univer-
sity of Géttingen, Germany, participated in this experiment. They
received 12 DM for participation.

Apparatus and stimuli. The experiment was run on an Apple
Performa 630 computer with a 14-in. (35.6-cm) Apple color
monitor with 640 X 480 pixel resolution. Responses were made on
the computer keyboard. The keys used measured 1.3 % 1.3 cm and
were a 1.2-cm distance from each other. The participants rested
their heads on a chin rest, maintaining a constant distance of 50 cm
from the screen. The central color patch subtended a visual angie of
0.92°, The letters were taken from a target set of 22 capital letters,
that is, all the letters of the alphabet excluding W, M, I, @, and O.
The letters measured 0.92° in height and 0.69° in width and were
presented on the left or right side with a 1.26° edge-to-edge
distance between them and the central color target.

Procedure. Each trial began with the presentation of a fixation
mark (0.34° diameter) at the center of the display for 400 ms. The
fixation mark was then extinguished, and after 400 ms, the two
RSVP streams commenced. Each digit was presented for 50 ms,
and the SOA between successive digits was 100 ms (10-Hz RSVP
rate}. The events in the two streams were synchronized. After a
random number of three to six digits, the central color target was
presented, appearing simultaneously with the next digit pair. The
color target was either red or green. The participants were
instructed to respond as fast as possible to the central color
patch using two horizontally aligned response keys. The map-
ping of colors to the response keys was counterbalanced across
participants.

The central target stayed on until the end of the trial, whereas the
RSVP streams continued to change at the 10-Hz rate. Either one
item {100 ms), three items (300 ms), or five items (500 ms) after the
presentation of the central target, the digits were replaced on both
sides by letters drawn at random from the target set. On every trial,
seven items were presented after the onset of the central color
target, so that at least two digits were presented after the presenta-
tion of the two letters. After the trial any incorrect or omitted
response to the RT task was followed by a 1,000-Hz tone. The
participant was then required to report the two letters, typing them
on the computer keyboard. The letter responses were restricted to
the target set.

Training was comparable to that used in Experiment 3, begin-
ning with the primary task alone and then followed by dual-task
training. This was followed by seven experimental blocks of 48
trials each. Feedback concerning the mean RT and accuracy on
both tasks was given after each block.

Results

All trials with an incorrect response on the primary task
(4%) as well as all trials with an RT above 700 ms (2.4%)
were eliminated from further analysis. This was done to
make sure that on all evaluated trials, response initiation was
performed within a comparable time span. A two-way
ANOVA was performed on the mean RTs with the variables
of SOA and side of response (left or right key press). As in

Experiment 3, a significant effect of SOA was observed on
the RT data, F(2, 22} = 3.73, p = .040. Response latencies
were slowest in the 300-ms SOA condition (423 ms) and
faster in both the 100-ms and 500-ms SOA conditions (414
ms and 417 ms, respectively). The source of this nonmono-
tonic effect is unclear. The variable side of response was not
found to have any significant effect, F(1, 11) < I, nor was
there an interaction between these two variables.

The accuracy data of the letter task was submitted to a
three-way ANOVA with the following variables: SOA, side
(letter on left or right}, and correspondence (referring to the
correspondence between the side of the letter and the side of
the primary task response). There was no significant effect of
side, F(1, 11) = 3.70, p = .081, although accuracy was
slightly better for the left (67%) than for the night (65%)
letter. We found a strong effect of SOA in this experiment.
Accuracy in the letter task was much lower 100 ms after the
onset of the target (52%) compared with the 300-ms and
500-ms SOA conditions (73% and 73%), F(2, 22) = 29.77,
p < .001. Most important, the main effect of correspondence
was again observed, F(1, 11) = 8.36, p = .015. At an SOA
of 100 ms, letters on the side of the forthcoming response
were reported more accurately (54%) than letters in the
opposite position (49%), 1(11) = 2.34, p = .029. This 4%
advantage was attenuated at higher SOAs (Figure 4, lower
panel), although the SOA X Correspondence interaction was
not significant.

Discussion

Using the RSVP method, the results of Experiment 4
provide further evidence of a response-based shift of visual
attention. Accuracy on the letter report task was better for
letters appearing in the RSVP stream on the same side as the
speeded response. As in Experiment 3, this effect was, at
least numerically, largest at the 100-ms SOA, suggesting
that the effect is relatively transient. Nonetheless, the results
indicate that the focus of attention is altered by the direction
of a response and that this shift results in enhanced
processing of information emanating from that side of space.

A particularly salient effect in the present experiment was
the large decrement in letter report performance for the short
SOA condition. This time-dependent decrement is similar to
that observed in studies of the psychological refractory
period (Pashler, 1994) and the attentional blink (Chun &
Potter, 1995; Raymond et al., 1992), In such experiments, a
reduction in performance is observed for responses to
stimuli that appear in close temporal proximity to a preced-
ing stimulus that requires either a speeded response (psycho-
logical-refractory-period studies) or unspeeded response
(attentional-blink studies). Recent investigations indicate
that similar limitations in processing are associated with the
attentional blink and the psychological refractory period
(Jolicceur & Dell’ Acqua, 1999). Although our results show
an interaction between the processing stage of response
selection and the stage of stimulus identification, this is not
the focus of our current investigation. The important finding
in this article lies in the specific interaction between these
two stages, depending on their spatial correspondence.
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General Discussion

Over the past 25 years many investigators have used the
flanker task to study interactions that arise at different stages
of information processing. Almost all of these studies have
used symmetric displays in which a central target is flanked
by irrelevant distractors. The current series of experiments
was initiated to explore how these interactions might be
modulated by asymmetric displays in which a single,
irrelevant flanker is presented on cne side of the target. This
work was motivated by the findings of Rafal et al. (1996),
who observed that patients with prefrontal lesions show a
reduced flanker effect when the distractor is presented
contralesional to the target. Our first experiment was de-
signed to explore the possibility that maintenance of re-
sponse codes for lateralized stimuli is primarily done by the
contralateral hemisphere. We therefore assumed that the
response codes generated in one hemisphere would have a
stronger effect on responses made with the contralateral
hand. The results did not support this hypothesis. Unexpect-
edly, however, this experiment revealed another asymmetey:
The flanker effect was most pronounced when the distractor
appeared on the same side as the forthcoming response.

In subsequent experiments, we explored two factors that
may underlie this phenomenon. One factor is the effect of
perceptual grouping on the perceived position of the target.
This perceptual-grouping hypothesis states that when the
target and one of the distractors are identical, participants
group them together and assign a spatial tag to the group.
This spatial code is toward the side of the distractor of this
group. Consequently, it could lead to a form of the Simon
effect (e.g., Simon & Small, 1969). That is, participants
might be faster when the location of the response corre-
sponds to the location of the perceptual group. The second
factor concerns possible effects of the response’s location on
visual attention. The notion of this action-based attention
hypothesis is that when a left-side response is required,
visual attention would also move in that direction, creating
an asymmetry in terms of the attentional resources allocated
to distractors appearing to the left of the target relative to
those appearing to the right. We discuss the evidence for and
implications of each of the two hypotheses in turn.

The Perceptual-Grouping Hypothesis

Experiment 2 provided direct support for this hypothesis.
Asymmetric flanker effects were found only when the target
and distractor were identical in color. No statistically
significant asymmetries were observed on congruent trials in
which the target and distractor were different in color but
mapped to the same response key. This hypothesis is in
accord with numerous studies demonstrating that task-
irrelevant stimulus dimensions (e.g., spatial position) can
influence RT when they overlap with the dimensions of the
response codes (e.g., Kornblum, 1994).

The modulating role of grouping effects has been exam-
ined in previous experiments with the flanker task (Baylis &
Driver, 1992; Harms & Bundesen, 1983). In these studies the
focus was on whether interference effects were enhanced

when distractors shared a task-irrelevant property with the
target: For example, when responding on the basis of color,
would the flanker effect be larger between distractors that
moved in correspondence with the target? The effects of
grouping in the current studies emphasize another form in
which dynamic links occur between perception and action.
Perceptual grouping leads to a spatial tag of the entire group,
and this in turn affects the efficiency of different actions with
preference to actions whose spatial tag corresponds to that of
the perceptual group.

The Attentional-Shift Hypothesis

Experiment 2 provided support for the perceptual-
grouping hypothesis, but it did not support the action-based
attention hypothesis. Although both Experiments 1 and 2
showed a trend for asymmetric effects on incongruent trials,
significant asymmetries were observed only when the target
and distractor were identical. If one combines the data of
Experiment 1, Experiment 2, and the three other unreported
studies described in Footnote 1, the asymmetry on incongru-
ent trials appears to be small but reliable (see Footnote 3).
We suspect, therefore, that the influence of action-based
shifts of attention are likely to play a minor role in the RT to
the target since the shift is only triggered once a spatial
response code has accumulated sufficient activation. Experi-
ment 3 was designed to provide a more direct test of the
attentional-shift hypothesis. Here we tested whether the
identification of a secondary stimulus depended con the
relationship between the position of this stimulus and the
direction of the response on the flanker task. The results
showed the predicted interaction, with letter identification
being slightly higher when the position of the letter was in
correspondence with the direction of the flanker response.
Because this is a novel finding, we tested this hypothesis
with a different design in Experiment 4 to provide converg-
ing evidence for it. In Experiment 4, participants were
required to make a speeded response to a central target while
two streams of stimuli were presented on the two sides. Asin
Experiment 3, the identification of the letters was higher at
the side of the response required for the central target.

The attentional-shift hypothesis highlights the intimate
link of attention to motor systems (Rizzolatti et al., 1994;
Tipper et al., 1992). Attention seems to be drawn to the
location of a forthcoming action. Such a mechanism would
obviously have important functional consequences. When
preparing to reach for a glass of water, it is useful that the
focus of attention be directed not to the initial position of the
hand but to the location of the glass. This mechanism
explains why a distractor at a position corresponding to the
direction of a forthcoming response would exert stronger
interactions with a centrally positioned target.

Unknown to us and independent of our study, Hommel
and Schneider (1998) conducted a study by using a similar
paradigm. In their experiments, participants had to respond
to a high- or low-pitch tone by pressing a left or right key.
Using varying SOA after the tone, Hommel and Schneider
briefly presented an array of four letters, of which one was
marked by a vertical line. As a secondary task, participants



ASYMMETRIES IN A UNILATERAL FLANKER TASK 125

reported the marked letter after the trial. Their results were
comparable to ours. At short SOAs, the identification rates
for letters on the side corresponding to the spatial character-
istic of the response were higher, whereas at longer SOAs,
this effect disappeared. Our findings, as well as those of
Hommel and Schneider, focus on the connection between
attention and action and its subsequent effect on perceptual
processing (as exemplified by the superior identification of
letters at the side of the previous action). Prinz (1990) and
Hommel (1996) have argued that perception and action are
linked because these processes share common codes. For
example, a spatially directed response to a certain position
shares the same spatial code as the perception of an object at
that location. When the spatial code for the response is
activated, the letter connected to the same code is more
likely identified and reported.

Hommel and Schneider (1998) proposed that the effect
results from two events accessing a similar spatial code. We
have emphasized an account based on attentional shifts
triggered by planned actions. Given the emphasis on com-
mon representational codes for perception and action, there
are obvious similarities between these two hypotheses.
However, it would also appear that the two hypotheses
diverge in the processing consequences of these links. For
example, the attentional-shift hypothesis would predict
facilitated perception for information presented at a location
sharing a code with the activated response. The common
coding hypothesis would predict facilitated perception for
information that accesses the relevant spatial code, even if
that information is presented at a different location. Evaluat-
ing the merits of these two hypotheses is a challenge for
future study.
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