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One lasting controversy in attention concerns whether
or not unattended stimuli are identified. The late selec-
tion view assumes that unattended stimuli receive full
analysis leading to identification (van der Heijden, 1992).
In contrast, the early selection view proposes that unat-
tended stimuli receive a coarse analysis that does not in-
clude identification (Broadbent, 1982). The “flankers
task” of Eriksen and Eriksen (1974) has frequently been
used to investigate this issue. The subject sees a linear
array of letters and decides whether, say, H or I has ap-
peared in the center of the array (target). Flankers on ei-
ther side of the target must be ignored. The flankers are
either compatible (HHH) or incompatible (IHI) with the
target. Typically, subjects are slower under the incom-
patible than under the compatible condition.On the basis
of this finding, it has often been stated that unattended
flankers are processed to the point of identification.

Alternatively, Yantis and Johnston (1990) argued that
flanker effects could be the product of attentional leakage
to the flanker location.They used uncrowded (3.2º center-
to-center separation between items) circular arrays, and
they predirected attention to the target with a 100% valid
exogenousprecue. Although residual flanker effects were
found for flankers adjacent to the target, no flanker effect
was apparent for flankers located farther away from the
target. Similarly, Paquet and Craig (1997) reported flanker
effects for near (.3º) but not for far flankers (5º away from
the target). These converging results suggest that flanker
identification may not occur when the possibility of at-
tentional leakage to the flanker location is reduced.

In contrast with the preceding interpretation, Driver
and Tipper (1989) pointed out that null flanker effects do
not necessarily reflect a lack of identification. In their
experiment, two circular alphanumeric arrays were pre-
sented in rapid succession, and subjects had to report, for
each array, the number of red items (target) and to ignore
the black items (flankers). The first array was referred to
as the prime and the second was termed the probe. For
the prime displays, flanker identification was inferred by
examining whether or not performance was affected by
the identity relationship between the digit flankers and
the number of red items. In addition, a second index of
prime flanker identification (labeled negative priming)
was provided by varying the identity of the prime flankers
in relation to the probe target. More specifically, the prime
flankers and the probe target were identical in an ignored
repetition condition, whereas in a control condition, the
probe target had not appeared in the prime display. The
key result was that although prime display performance
was unaffected by prime flankers, negative priming was
obtained for the probe trials (i.e., latency was longer in
the ignored repetition than in the control condition). The
investigators concluded that unattended flankers are
identified but that flanker effects are avoided through
flanker inhibition.

However, Fox (1995) noted that the target and flankers
for Driver and Tipper’s (1989) prime displays were pre-
sented in close proximity (within 1º of visual angle).There-
fore, attentional leakage during prime display processing
might have been responsible for flanker identification.
Fox used prime displays consisting of two letters 1.9º
apart, presented on either side of fixation. For the probe
displays, the letters appeared above and below fixation.
Attention allocation on the prime trial was manipulated
by varying whether or not the target location was precued.
On cued prime trials, the target location was precued
150 msec in advance by a plus sign presented .8º next to

301 Copyright 2001 Psychonomic Society, Inc.

Grant OGP0001247 from the Natural Sciences and Engineering Re-
search Council of Canada supported this research. I thank Tram Neill,
Eric Ruthruff, and Steve Yantis for their helpful comments. Requests
for reprints should be sent to L. Paquet, Department of Psychology,
Carleton University, Ottawa, ON, K1S 5B6 Canada (e-mail: lpaquet@
carleton.ca).

Eliminating flanker effects and negative priming
in the flankers task: Evidence for early selection

LISE PAQUET
Carleton University, Ottawa, Ontario, Canada
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ilarity (Neill, 1997). These results demonstrate that selective target processing is possible when atten-
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the target location.1 For the uncued prime trials, a plus
sign was displayed for 150 msec at fixation. For the cued
and the uncued trials, presentation of the plus sign was
followed by a prime display presenting a bar marker si-
multaneously beside the target. Note that target location
was never precued for the probe trials. Fox reported that
precuing prime target location eliminated flanker effects
on the prime trials, but not negative priming on the probe
trials. This result is important, because it discredits the
attentional leakage account of Driver and Tipper’s find-
ings, hence providing strong evidence of flanker identi-
fication for apparently unattended flankers.

Although Fox’s (1995) data are consistent with the late
selection view, some caution seems warranted. One major
concern is that the precue may not have effectively nar-
rowed attention to the target location (Ruthruff & Miller,
1995). First, precuing the target location did not reduce
RT. This result is at odds with previous cuing studies,
which have shown that target processing is improved
with a 100% valid precue (Castiello& Umiltà, 1990;Cheal
& Lyon, 1991). Second, the claim that attention precuing
eliminated flanker effects on the prime trials appears un-
justified, because clear flanker effects were present in the
error data. Therefore, the possibility remains that the
negative priming result reported by Fox occurred be-
cause the conditionsfor complete focusing of attentionon
the target location remained suboptimal. In fact, Ruth-
ruff and Miller have shown that negative priming is af-
fected by how narrowly attention is concentrated on a
target location. Their subjects identified a target and ig-
nored a flanker displayed in a different color. Although
negative priming was found when target and flanker lo-
cations were uncertain, no negative priming was ob-
served when both locations were fixed across trials. Un-
fortunately, it is difficult to assess flanker identification
on the basis of these results, because, contrary to Fox
(1995), their experiment did not permit the measurement
both of negative priming and of flanker effects during the
prime trial. In fact, if negative priming and flanker ef-
fects are negatively related, it is possible that flanker ef-
fects were present in the absence of negative priming
(Kramer, Humphrey, Larish, Logan, & Strayer, 1994). In
any case, because the relationship between negative
priming and prime trial flanker effects remains an unre-
solved issue, it seems preferable to obtain both measures
of flanker processing from the same subjects before reach-
ing conclusions regarding flanker identification.2

Given the preceding considerations,I examined flanker
processing, using both flanker effects and negative prim-
ing as indices of flanker identification.I used Fox’s (1995)
procedure, and I varied the conditions for efficient atten-
tional focusing on the prime trial by manipulating both
target–flanker proximity (0.9º and 2.7º for near and far
flankers, respectively) and attention cuing (precued vs.
uncued) on the prime trials only. As in Fox’s study, at-
tentional precuing was not used on the probe trials, and
the flanker always appeared near (0.9º) the probe target.

In sum, my hope was to obtain independent evidence that
the precue was effective by showing that prime target
identification was faster in the precued than in the un-
cued condition. This would suggest that attention was
more narrowly focused on the prime target when atten-
tion was predirected to the prime target location. A repli-
cation of Fox’s results under such conditions would pro-
vide clear evidence that flanker identification occurs
even when attentional concentration on the target loca-
tion is enhanced.

EXPERIMENT 1

Method
Subjects. The subjects were 60 students fulfilling a course re-

quirement.
Apparatus and Stimuli. Stimuli appeared on a Zenith VGA

monitor controlled by a 486 microcomputer. Each display consisted
of two letters, each measuring 0.51º vertically and 0.25º horizon-
tally, from a viewing distance of 127 cm. The display was preceded
by the 150-msec presentation of a thick (0.1º) cross identical in size
to the letters. For the precued groups, the cross indicated the prime
target location, and it was displayed 1.0º to the left or right of the
target. For the uncued groups, the cross was displayed at fixation.

In order to control for acuity differences between the target and
the flanker, the two letters of the prime trial were equidistant from
fixation and they appeared on either side of the fixation point. As
in Fox’s experiment and irrespective of attentional cuing, a bar
marker was presented simultaneously with the letter display to the
left of the left-side targets and to the right of the right-side targets,
and it indicated the position of the target. On probe trials, attention
was never precued to the target location. The probe letters were dis-
played above and below the fixation point, and the bar marker re-
vealing the target location appeared simultaneously with the dis-
play to the left of the probe target. For the prime displays, angular
distances of 0.9º and 2.7º separated the two letters in the near and
far target–flanker proximity condition, respectively. In contrast,
target–flanker proximity and attentional precuing remained constant
for the probe trials, on which only the near condition was employed.

The letters A–D were used. The subjects responded by pushing
one of four computer keys (the “d,” “f,” “j,” or “k” keys of the key-
board, respectively labeled “A,” “B,” “C,” and “D”).

Design. For the prime trials, attention cuing (precued vs. uncued)
and target–flanker proximity (near vs. far) were between-subjects
variables. Fifteen subjects were randomly assigned to each combi-
nation of the levels of these factors. The resulting groups were the
near-precued, near-uncued, far-precued and far-uncued groups. For
each group, attention was uncued for the probe trials and the probe
flanker always appeared near (.9º) the probe target.

For the prime displays, the relationship between the identity of
the target and that of the flanker (compatible vs. incompatible) was
manipulated within subjects. Similarly, the probe target and the prime
flanker identity relationship (ignored repetition vs. control) was
varied within subjects and is referred to as the priming condition. For
the ignored repetition condition, the flanker on the prime display was
identical to the probe target. In contrast, the probe target was not in-
cluded in the prime display for the control condition.

Procedure. Each subject served in two blocks of trials. The first
block consisted of 60 practice prime trials (30 compatible and 30 in-
compatible), each followed by a control probe display. The second
block was made of 120 experimental prime–probe trials, (60 com-
patible and 60 incompatible prime trials). The order of presentation
of the compatible and incompatible prime trials was randomized.
Following the procedure outlined by Fox (1995), the 60 probe tri-
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als that were preceded by a compatible prime display were not in-
cluded in data analyses. Of the 60 remaining probe trials, 30 were
ignored repetition and 30 were control displays. The order of pre-
sentation of the priming conditions was randomized. As was the
case in Fox’s design, the flanker used for the probe display was al-
ways incompatible with the probe target and it never appeared in the
prime display.

Each trial began with the presentation of a fixation point, which
appeared at the center of the screen for 500 msec. The fixation point
was replaced by a cross presented for a 150-msec duration, followed
by a 50-msec prime display. For the precued groups, the cross ap-
peared to either the left or the right of fixation, whereas for the un-
cued groups, it appeared at f ixation. Subjects in the uncued groups
were informed that a cross, centered at f ixation, would replace the
fixation point and that they were to fixate that cross. They were told
that, upon presentation of the letters, a bar marker would appear be-
side the target letter to be identified. On the other hand, subjects in
the precued groups were told that, on alternating trials (i.e., for the
prime trials, but not the probe trials), the cross would be displayed
off fixation (on prime trials), and it would indicate which letter they
had to identify upon presentation of the letters. As with the uncued
groups, the cued subjects were told that, upon presentation of the
letters, a bar marker would appear beside the target letter. For each
group, a blank screen replaced the prime display. Response to the
prime display was followed by a 350-msec blank interval. For each
group, the probe target location was never precued, and the sequence
of events for the probe display was identical to that of the uncued
prime trials.

Results and Discussion
Prime display flanker effect. RT and error analyses

were conducted. However, for considerations of space
and because, in contrast to Fox (1995, Experiment 3), the
error analysis failed to uncover significant effects, only
the RT analysis is reported. The results are shown in
Table 1. A three-way mixed analysis of variance (ANOVA)
(attention cuing 3 target–flanker proximity 3 target–
flanker identity relationship) revealed a significant ef-

fect of attention cuing [F(1,56) 5 22.91, p < .01], such
that latency was 110 msec faster for the precued than for
the uncued groups. Thus, the precue used in the present
experiment was effective in improving performance. The
analysis also revealed a significant effect of target–flanker
proximity [F(1,56) 5 7.13, p < .01], with faster responses
in the near than in the far conditions (565 vs. 626 msec).
There was also a significant effect of target–flanker iden-
tity relationship [F(1,56) 5 29.93, p < .01], indicating
the presence of flanker effects. Furthermore, there was a
reliable interaction between target–flanker proximity
and target–flanker identity relationship [F(1,56) 5 5.49,
p < .05], with larger flanker effects for near (25 msec)
than far (10 msec) flankers. Finally, a significant inter-
action was observed between attention cuing and target–
flanker identity relationship [F(1,56) 5 4.87, p < .05],
showing larger flanker effects for the uncued (24 msec)
than for the precued (10 msec) conditions.

Planned comparisons between compatible and incom-
patible prime displays for each of the four groups of sub-
jects revealed significant flanker effects for the near-
uncued (34 msec), near-precued (15 msec), and far-uncued
(14 msec) groups. More importantly, a null flanker effect
(6 msec) was observed for the far-precued group.

Probe display negative priming. As in Fox (1995),
incorrect probe trials or correct probe trials preceded by
an incorrect prime trial response were discarded. The re-
sults are displayed in Table 2. These data were subjected
to a mixed ANOVA in which the factors were attention
cuing on the prime trial, target–flanker proximity on the
prime trial, and priming condition.The analysis revealed
a significant effect of target–flanker proximity [F(1,56) 5
5.51, p < .05], such that RTs to probe targets were 48 msec
faster when the flankers on the prime trials were near rather
than far. There was also a significant effect of priming
condition [F(1,56) 5 17.71 p < .01], showing substan-
tial negative priming (22 msec) in the ignored repetition
condition.

Planned comparisons between ignored repetition and
control probe trials for each of the four groups of sub-
jects revealed significant negative priming for the near-
uncued (34 msec), near-precued (22 msec), and far-uncued
(29 msec) groups. More critically, no negative priming
was evident in either the latency data (3 msec) or the ac-
curacy data for the far-precued group.3

Could the disappearanceof negativepriming in the far-
precued group have been linked to the low contextual
similarity between the prime and the probe displays (Fox
& de Fockert, 1998; Neill, 1997; Neill & Mathis, 1998)?
Recall that for the far-precued group, attentional precu-
ing and far flankers were used on the prime trials, whereas
the probe trials were always uncuedand used near flankers.
Evidence that contextual similarity (defined by target–
flanker separation on the prime and probe trials) affects
negative priming in the flankers task has been reported
by Neill and Valdes (1996) in a study in which attention
was not precued to the target location. Negative priming
was obtained when the prime–probe context was the

Table 1
Means of Median Correct Reaction Times (RTs, in Milliseconds)

and Mean Error Rate (E) to Compatible and Incompatible
Prime Displays for Near and Far Flankers as a

Function of Attention Cuing Conditions

Target–Flanker Proximity

Near Far

Identity Precued Uncued Precued Uncued

Relationship RT E RT E RT E RT E

Experiment 1
Incompatible 496 3.7 659 3.0 596 3.2 666 4.1
Compatible 480 3.7 625 2.3 590 3.7 652 6.4
Flanker effect 15* 34** 6 14*

Experiment 2
Different Context

Incompatible 655 3.7
Compatible 659 3.9
Flanker effect 24

Same Context
Incompatible 567 3.6
Compatible 569 4.4
Flanker effect 22

Note—The flanker effect was computed by subtracting the compatible
trials latency from the incompatible trials latency. *p < .05. **p < .01.
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same (i.e., near-uncued prime/near-uncued probe or far-
uncued prime/far-uncued probe conditions), whereas
positive priming was found when the prime–probe con-
text was different (i.e., near-uncued prime/far-uncued
probe and far-uncued prime/near-uncued probe condi-
tions). To rule out this alternative, Experiment 2 was con-
ducted to determine whether the impact of far-precued
prime flankers on the probe trials could be revealed when
the prime and probe displays were identical in terms of
target–flanker separation and cuing.

EXPERIMENT 2

In Experiment 2, I manipulated contextual similarity
(defined by target–flanker separation and attention pre-
cuing on the prime and probe trials) between subjects. A
different-context group provided an exact replication of
the far-precued conditionof Experiment 1. For that group,
attention was precued on the prime trials, and the prime
target appeared with a far flanker. In contrast, attention
was uncued for the probe trials, and the probe flanker al-
ways appeared near (.9º) the probe target. A same-context
group was also employed, which received the same prime
trials as did the different-context group (i.e., far-flankers
and attention precuing), but for which probe target loca-
tion was precued and far probe flankers were displayed.
The contextual similarity account (Fox & de Fockert,
1998; Neill & Valdes, 1996) would seem to predict that
negative priming should be observed in the same-context
condition (i.e., far-precued prime/far-precued probe), but
not in the different-context condition (i.e., far-precued
prime/near-uncued probe).

Method
Subjects. Thirty new subjects were recruited. Fifteen subjects

were assigned to the same-context condition and 15 participated in
the different-context condition.

Stimuli and Procedure. The stimuli were the same as in Ex-
periment 1. The procedure for the prime and probe trials for the
different-context group and for the prime trials for the same-context
group was identical to that of Experiment 1. However, the proce-
dure for the probe trials for the same-context group differed in the
following way. Subjects were informed that before each probe dis-
play, a cross would be presented briefly to indicate which letter they
had to identify. In addition, the target and the flankers for the probe
displays were separated by an angular distance of 2.7 º (i.e., far
flankers were used).

Results and Discussion
As shown in Table 1, prime trials latency was signifi-

cantly shorter for the same- than the different-contextcon-
dition [F(1,28) 5 6.59 p < .02]. However, null flanker
effects were obtained on the prime trials [23 msec;
F(1,28) < 1], this irrespective of contextual similarity
[F(1,28) < 1]. More critical were the findings displayed
in Table 2, which show that contextual similarity did not
affect the priming pattern on the probe trials (F < 1). A
two-way mixed design ANOVA (with context and prim-
ing as variables) failed to reveal any significant effects.
Hence, replicating the findings of Experiment 1, no neg-
ative priming (2 msec) emerged when the prime–probe
context was different (i.e., far-precuedprime/near-uncued
probe). More importantly, this pattern of results was also
observed in the same-context condition (i.e., far-precued
prime/far-precued probe), in which the ignored repetition
condition was only 1 msec slower than the control con-
dition.4 Therefore, it would appear reasonable to con-
clude that the contextual change that was occurring be-
tween the prime and probe trials for the far-precued group
of Experiment 1 was not responsible for the disappearance
of negative priming in that condition. Instead, it appears
that the priming pattern was unaffected by prime–probe
contextual similarity.

GENERAL DISCUSSION

The results of this study replicate my previous findings
(Paquet & Craig, 1997) concerning flanker processing.
First, they confirm that considerable flanker processing
takes place when attention is not precued to the target lo-
cation. Thus, flanker effects and negative priming were
found for the near-uncued and far-uncued conditions.Sec-
ond, the presenceof flanker effects for the far-uncued group
suggests that large target–flanker separation is insufficient
to eliminate flanker effects. Third, flankers located within
1º of the target are processed for meaning, whether or not
attention is directed in advance to the target location.Thus,
reliable flanker effects and negative priming were found
with near flankers, regardless of attention cuing.

However, the results above should not be viewed as
decisive evidence for semantic processing of unattended

Table 2
Means of Median Correct Reaction Times (RT, in Milliseconds)

and Mean Error Rate (E) for Ignored Repetition and
Control Probe Displays for Near and Far Flankers

as a Function of Attention Cuing Conditions

Target–Flanker Proximity

Near Far

Priming Precued Uncued Precued Uncued

Condition RT E RT E RT E RT E

Experiment 1
Ignored repetition 624 2.7 640 2.4 700 2.8 648 4.1
Control 602 2.3 606 1.2 697 3.2 619 2.1
Negative priming 22* 34** 3 29**

Experiment 2
Different Context

Ignored repetition 646 3.6
Control 644 3.5
Negative priming 2

Same Context
Ignored repetition 574 4.3
Control 573 3.9
Negative priming 1

Note—The negativepriming effect was computed by subtracting the con-
trol trials latency from the ignored repetition trials latency. *p < .05.
**p < .01.
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flankers. Instead, it seems likely that attentional leakage
was responsible for the flanker effects and negative prim-
ing obtained for the near-uncued, far-uncued, and near-
precued groups. Support for this idea comes from the re-
sults of the far-precued group, in which the conditions
for efficient narrowing of attention to the target were pre-
sumably optimized. Under such conditions, the present
study failed to reveal either flanker effects or negative
priming. In sum, the present results confirm those of Ruth-
ruff and Miller (1995), who also failed to uncover evi-
dence for the identification of unattended flankers when
attention was efficiently narrowed to the target location.

Although the null results of the far-precued groups are
compatible with the notion that unattended flankers are
not identified, it can be argued that the flankers were iden-
tified, but that it was simply easier to select the precued
target against far than against near flankers (Allport,
1989; Baylis & Driver, 1992; Duncan, 1989). Moreover,
if negativepriming reflects distractor inhibitionpreventing
irrelevant stimuli from disrupting performance (Strayer
& Grison, 1999; Tipper & Cranston, 1985), distractor in-
hibition (and therefore negative priming) should be re-
stricted to difficult prime–target selection conditions
(i.e., near-uncued, near-precued, and far-uncued condi-
tions). However, this account would seem to predict pos-
itive priming when target selection is easy (i.e., the far-
precued conditions), because the internal representation
of the flankers should have remained highly activated.
Clearly, the present results did not support this prediction;
no hint of positivepriming was observed in the far-precued
conditions. But perhaps positive priming simply cannot
emerge when, as in Experiment 1, there is target–flanker
conflict on the probe trial (Lowe, 1979; Milliken, Joor-
dens, Merikle, & Seiffert, 1998; Moore, 1994). Recall
that the target and the incompatible flanker of the probe
trials were in close proximity and that attention was not
directed in advance to the probe target location. There-
fore, one could ask whether positive priming from far-
precued prime flankers would emerge if target selection
were made easier on the probe trial by using far flankers
and attentionalprecuing.However, the results of the same-
context condition of Experiment 2 argue against this
notion, because neither positive nor negative priming
emerged. In sum, although the hypothesis that the flankers
of the far-precued conditions were identified cannot be
directly ruled out, the notion that the flankers were fil-
tered out before they were identified provides a parsi-
monious account of the null findings provided by the two
indices of flanker identification that I used.

The present results contrast with those obtained by
Driver and Tipper (1989), who reported negative prim-
ing in the absence of flanker effects. However, as dis-
cussed earlier, their results were inconclusive because
the target and flankers were either spatially overlapping
or presented within 1º of visual angle. The present find-
ings also contrast with the results obtainedby Fox (1995),
who failed to eliminatenegativepriming from far flankers

under precued conditions. This discrepancy can be ex-
plained by a difference in the precue efficiency between
the two studies. In contrast to Fox, I observed shorter la-
tency for the precued than for the uncued groups, sug-
gesting that the present attention cuing manipulationwas
effective. But, why could the present procedure success-
fully precue attention, whereas Fox’s procedure was in-
efficient? Although our cuing procedures were very sim-
ilar, the precue used in the present study might have been
more salient than Fox’s cues because I increased the
thickness of the lines composing the cross in comparison
with the lines used for the letters. Furthermore, I placed
the precue 1º away from the target location, which may
have been sufficient to minimize the possibility of for-
ward masking of the target by the cue that was reported
by Fox when using a precue placed .8º away from the tar-
get location.

In conclusion, the present results are consistent with
the proposal that flanker effects observed in the flankers
paradigm are often the results of attentional leakage.
Consequently,such effects cannot be seen as decisive ev-
idence in favor of the late selection hypothesis that unat-
tended stimuli are processed for meaning. Instead, the
present results suggest that semantic processing of the
flankers is greatly limited when attention is narrowly fo-
cused on the target location. This result lends credence
to the notion that the flankers are selected against before
they are identified (Ruthruff & Miller, 1995; Yantis &
Johnston, 1990).
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NOTES

1. In Fox (1994, 1995, Experiments 1 and 2) an asterisk presented at
the target location was used as a precue. However, this precueing method
produced forward masking of the prime target, which reduced the effi-
ciency of the cue.

2. Ruthruff and Miller (1995) attempted to address this issue by con-
ducting a separate control study in which the flanker was either neutral or
incompatible with respect to target identity.They found that performance
was unaffected by this variable when target and flanker locations were
fixed. Unfortunately, the authors did not also include a negative priming
measure in this experiment. Therefore, the two indices of flankers pro-
cessing that were provided in this study came from different individuals.

3. Power analyses showed that the probability of detecting small
(7-msec) flanker effects and negative priming effects was at least .8 for
each comparison.

4. Power analyses showed that the probability of detecting small
(7-msec) flanker effects and negative priming effects was at least .9 for
each comparison.
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