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The concept of cognitive capacity, or processing re
sources, has become increasingly influential since Kahne
man’s (1973) classic book. In this article, we will exam
ine one common claim regarding capacity: As practice 
increases, the processing resources required to complete 
a task decrease (e.g., Posner & Snyder, 1975; Shiffrin & 
Schneider, 1977). Shiffrin and Schneider provided the 
bestknown evidence for this by showing that under cer
tain conditions, capacitydemanding serial search could, 
with practice, become capacityfree parallel search.

But the story is not straightforward. Hoffman, Nelson, 
and Houck (1983) found that even after extensive practice 
on a visual search task, dualtask interference, which is 
produced when the visual search task and a visual dis
crimination task were performed simultaneously, was not 
eliminated. Also employing a dualtask procedure, Jo
seph, Chun, and Nakayama (1997) provided evidence that 
“preattentive” feature search, often assumed to require no 
attentional resources, does indeed suffer from dualtask 
interference. Interestingly, feature search performance 
can be improved by providing precues at target locations 
(Carrasco & Yeshurun, 1998), again suggesting that at
tentional resources are needed even in socalled “preat
tentive” search tasks. Such results led Pashler (1998) to 
state that, “although practice improves performance in 
various ways, we have encountered no strong evidence 

that it eliminates capacity demands in tasks where such 
demands are evident early in practice” (p. 370).

We have taken a different approach to addressing 
whether practice reduces capacity demands. Our approach 
uses Lavie and Cox’s (1997) procedure, which combines a 
visual search task with a flanker task. Here, the participant 
must search a set of heterogeneous letters for a target letter 
(X or N) while ignoring a taskirrelevant distractor (X or 
N or L). These target–distractor pairings produce congru
ent trials (both X or both N), incongruent trials (target X 
and distractor N, or vice versa), and neutral trials (distrac
tor L). Interference is measured as slower response times 
(RTs) on incongruent trials than on neutral trials. Congru
ent trials are included in order to prevent participants from 
using the distractor identity to predict the target identity. 
Consistent with Lavie and Cox, we operationalize task 
load as search set size, with increasing set size assumed to 
increase load. Lavie and Cox found that as relevantitem 
load increased, interference from irrelevant distractors 
decreased.

The Lavie and Cox (1997) finding is consistent with 
Lavie’s load account of selective attention (Lavie, 1995; 
Lavie & Tsal, 1994; see Lavie, Hirst, de Fockert, & Vid
ing, 2004, for a more recent version), which postulates 
that any spare capacity will be involuntarily allocated to 
the processing of irrelevant distractors. Under low load, 
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two most significant changes were as follows: (1) Rather 
than making the irrelevant distractor larger to discriminate 
it from the search letters, we made it the same size, but a 
different color; and (2) we only used two search set sizes 
(2, 6), whereas Lavie and Cox (1997) used four set sizes 
(1, 2, 4, 6). Our close replication of their pattern of results 
demonstrates that these changes were not critical.

Method
Subjects. Twentyfour University of Toronto at Scarborough under

graduate students participated in exchange for course credit or cash.
Apparatus. Stimuli were presented on a 14in. VGA color monitor 

controlled by an IBMcompatible PC. The experimental program was 
written in QuickBasic 4.5 and used the routines provided by Graves 
and Bradley (1991) in order to achieve millisecond timing accuracy.

Design. The two withinparticipants factors were set size (2, 6) 
and target–flanker congruency (congruent, incongruent, neutral). 
Set size was blocked, each block beginning with 36 practice trials 
followed by five sets of 72 experimental trials. Half of the partici
pants started with set size 2, and the other half started with set size 6. 
Target–flanker congruency was randomized within blocks for each 
participant.

Procedure. Figure 1 illustrates the displays for Experiments 1, 2, 
and 3. Each trial began with a central fixation plus sign (1) sub
tending 0.4º from an approximate viewing distance of 50 cm. After 
250 msec, the fixation display was removed, and the screen remained 
blank for 750 msec. The letter display was then presented, consisting 
of a target letter, one or five nontarget letters, and an irrelevant dis
tractor letter. All letters were 0.6º wide 3 0.7º high. The target letter 
was selected randomly from the two possible targets (X, N) and was 

the search task is assumed to require only a subset of total 
capacity. The resultant spare capacity is involuntarily al
located to the processing of distractors, producing signifi
cant distractor interference. Under high load, the search 
task is assumed to exhaust capacity. Without spare capac
ity, distractors are not processed, thereby eliminating dis
tractor interference.

As with Shiffrin and Schneider’s (1977) procedure, 
the Lavie and Cox (1997) procedure can be used in order 
to identify improvements in search performance, using 
faster responding and/or greater accuracy on the search 
task to index improvement. Critically, by employing Lavie 
and Cox’s procedure, it is further possible to determine 
whether an improvement in task performance actually 
does reflect reduced capacity demands.

If practice does reduce capacity demands, then it fol
lows from Lavie’s (1995) load account that the resultant 
increase in spare capacity should produce an increase in 
distractor processing, and hence in interference, as prac
tice progresses. Thus, the load hypothesis makes the in
teresting prediction that as practice increases the speed 
and accuracy of completing a task, then if capacity de
mands are actually reduced, interference from distracting 
information should increase. This means that, counterin
tuitively, a wellpracticed task should be more vulnerable 
to interference than a relatively unpracticed task. If, how
ever, improvement on the search task does not reflect a re
duction in capacity demands, there should be no increase 
in spare capacity and hence no change in distractor pro
cessing and interference. Furthermore, because practice 
should increase the speed of completing the visual search 
task, one might predict that the distractor would then have 
less time and opportunity to interfere with task perfor
mance. Under this logic, if practice does not decrease ca
pacity demands, distractor interference should not change 
or should decrease with practice.

Three experiments were conducted to examine whether 
practice actually does reduce capacity demands and, if so, 
whether this reduction can be identified by an increase in 
distractor interference. The design of these experiments 
simultaneously allowed us to address two additional issues 
related to selective attention. First, does irrelevant informa
tion presented at fixation receive prioritized processing de
spite being irrelevant? Second, although it is well accepted 
that a clear physical distinction between taskrelevant and 
taskirrelevant information is necessary for efficient selec
tive attention, is such a distinction necessary for increased 
load to produce decreased distractor processing? The three 
experiments will be reported separately to address these 
two issues. Then, an analysis across all three experiments 
will be reported to examine the impact of practice on ca
pacity demands and distractor processing.

ExPEriMEnt 1

Experiment 1 was carried out to replicate the pattern of 
decreased distractor interference given increased load, as 
predicted by Lavie (1995) and as reported by Lavie and 
Cox (1997). The design was very similar to Experiment 2 
of Lavie and Cox, with minor procedural changes. The 
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Figure 1. Letter displays for the low-load and high-load condi-
tions. the irrelevant distractor was presented in white. Search 
letters were green in Experiments 1 and 2 and white in Experi-
ment 3. Letters without underlines were green in the experiments; 
underlined letters were white. the underlines did not appear in 
the actual experimental display.
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The same ANOVA was conducted on error percentages. 
The effect of set size was significant [F(1,23) 5 109.4, 
MSe 5 31.5], indicating that fewer errors were made for 
set size 2 (5.8%) than for set size 6 (17.8%), and providing 
further evidence that the load manipulation was effective. 
Neither the effect of congruency (F , 1) nor the interac
tion [F(1,23) 5 2.1, MSe 5 5.4] was significant.

Experiment 1 therefore replicated the Lavie and Cox 
(1997) finding that an increase in search load produces a 
decrease in distractor interference. Furthermore, this find
ing was generalized to the case in which the distractor was 
the same size as, but a different color than, the search let
ters, and in which only two set sizes were included. 

ExPEriMEnt 2

In Experiment 2, we shifted the emphasis to whether in
formation presented at fixation would receive prioritized 
processing regardless of its task relevance. If attention 
is viewed as being a spotlight (Posner, 1980) or a zoom 
lens (Eriksen & Yeh, 1985), it might be expected that a 
distractor presented outside the attentional beam would 
be more easily ignored than a distractor presented at the 
center of the attentional beam. To test this, we presented 
the irrelevant distractor in the center, rather than in the 
periphery, a procedure similar to that used by Beck and 
Lavie (2005).

Method
Twentyfour different students were given course credit or cash 

for participating. The only change from Experiment 1 was that the 
distractor now always appeared at fixation, rather than peripherally.

results and Discussion
A 2 3 2 ANOVA was conducted on RTs as a function 

of set size (2, 6) and congruency (neutral, incongruent). 
The effect of set size was significant [F(1,23) 5 30.2, 
MSe 5 9,716], with RTs being considerably faster for set 
size 2 (644 msec) than for set size 6 (755 msec); again, 
increasing task load produced a performance cost. The ef
fect of congruency was significant [F(1,23) 5 9.8, MSe 5 
1,230], with incongruent RTs (711 msec) being slower 
than neutral RTs (689 msec). Critically, set size interacted 
with congruency [F(1,23) 5 7.6, MSe 5 698], reflecting 
greater interference caused by distractors for set size 2 

presented randomly at one of the six search locations. The search 
locations were 1.7º from the fixation center and at angular positions 
of 0º, 60º, 120º, 180º, 240º, and 300º from the fixation center.

For set size 2, one nontarget letter selected randomly from the 
set of five nontargets (H, K, V, Y, Z) was presented in the location 
opposite the target location. For set size 6, all five remaining search 
locations were filled with a random permutation of the five nontar
gets. The peripheral distractor was presented randomly either left or 
right of the fixation (4.5º from center). The identity of the distractor 
(X, N, L) was randomized, producing congruent (target and distrac
tor both X or both N), incongruent (target X and distractor N, or vice 
versa), and neutral (distractor L) conditions.

The target and nontargets were presented in green; the distractor 
was presented in white. The letter display remained on for 100 msec, 
whereupon all display stimuli were removed. Participants were in
structed that a target was always present among the green search let
ters; to ignore the peripheral white letter (the distractor) because it was 
not relevant; and to respond as quickly yet as accurately as possible by 
pressing the “X” key with the left index finger for an X target, or by 
pressing the “N” key with the right index finger for an N target. The 
next trial began 500 msec after the response.

results and Discussion
In all experiments, an alpha level of .05 was adopted 

for all statistical tests, and RTs were trimmed for each 
condition for each participant greater than or less than 
3.5 standard deviations from the mean. The RTs and error 
percentages for all three experiments appear in Table 1. 
We follow Lavie and Cox (1997) in omitting congruent 
distractors from analysis because of the difficulty of sep
arating responsebased facilitation effects from feature
based priming and in defining interference as being the 
performance cost produced by the incongruent condition 
relative to the neutral condition.

A 2 3 2 ANOVA was conducted on RTs as a function of 
set size (2, 6) and congruency (neutral, incongruent). The 
load manipulation was effective [F(1,23) 5 142.7, MSe 5 
4,806], with RTs being substantially faster for set size 2 
(608 msec) than for set size 6 (777 msec). The effect of 
congruency was also significant [F(1,23) 5 5.2, MSe 5 
767], with incongruent RTs (699 msec) being slower than 
neutral RTs (686 msec). Critically, set size interacted with 
congruency [F(1,23) 5 4.9, MSe 5 366], replicating the 
Lavie and Cox (1997) findings that distractors produced 
more interference for set size 2 (22 msec) than for set 
size 6 (4 msec), and that interference was not reliable for 
set size 6 (t , 1).

table 1 
Mean response times (rts, in Milliseconds) and Percentages of Error (PE), As a 

Function of Set Size and target–Distractor Congruency in Experiments 1, 2, and 3

Congruent Incongruent Neutral Interference

Experiment  RT  PE  RT  PE  RT  PE  RT  PE

Two Letters

1 606 4.4 619 6.2 597 5.1 22 1.1
2 621 6.3 663 8.7 626 6.7 37 2.0
3 633 4.8 735 6.8 653 5.3 82 1.5

Six Letters

1 776 18.1 779 17.6 775 17.7  4 20.1
2 742 22.8 759 22.8 751 20.3  8 2.5
3 834 19.7 886 20.3 833 17.5 53 2.8

Note—Interference is defined as incongruent RT minus neutral RT.
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results and Discussion
A 2 3 2 ANOVA was conducted on RTs as a function 

of set size (2, 6) and congruency (neutral, incongruent). 
The effect of set size was again significant [F(1,23) 5 
63.8, MSe 5 10,332], with RTs being substantially faster 
for set size 2 (694 msec) than for set size 6 (860 msec), 
evidence of a cost due to increasing task load. The effect 
of congruency was significant [F(1,23) 5 45.0, MSe 5 
2,460], with incongruent RTs (811 msec) being slower 
than neutral RTs (743 msec). Critically, set size interacted 
with congruency [F(1,23) 5 7.6, MSe 5 663], reflecting 
greater interference in set size 2 (82 msec) than in set 
size 6 (53 msec), consistent with the load account. For 
the first time, however, interference was evident (i.e., not 
eliminated) for set size 6 [t(23) 5 4.4, SEM 5 12.3].

The same ANOVA was conducted on error percentages. 
The effect of set size was significant [F(1,23) 5 54.6, 
MSe 5 73.4], indicating that fewer errors were made for 
set size 2 (6.1%) than for set size 6 (19.1%) and providing 
further evidence that the load manipulation was effective. 
The effect of congruency [F(1,23) 5 12.9, MSe 5 9.9] 
was significant, with more errors in the incongruent con
dition (13.7%) than in the neutral condition (11.5%). As 
was previously the case for errors, the interaction was not 
significant (F , 1).

In Experiment 3, color was no longer used in order to 
enhance distinctiveness between the search letters and the 
distractor, unlike in Experiments 1 and 2. With the dis
tractor and the search letters presented in the same color, 
we found interference in both a lowload (82 msec) and a 
highload (53 msec) condition, consistent with the find
ings of Beck and Lavie (2005, Experiment 1: low load, 
103 msec; high load, 50 msec). To compare the effect 
of presenting the distractor in the same versus a distinct 
color, a comparison of Experiments 2 and 3 was done 
using a 2 3 2 3 2 ANOVA conducted on RTs, as a func
tion of experiment (2, 3), set size (2, 6), and congruency 
(neutral, incongruent). The effect of set size was again 
significant [F(1,46) 5 91.4, MSe 5 916,438], with RTs 
substantially faster for set size 2 (669 msec) than for set 
size 6 (807 msec). Also, as expected, the effect of con
gruency was significant [F(1,46) 5 3.6, MSe 5 36,343], 
with incongruent RTs (761 msec) being slower than neu
tral RTs (716 msec). And, consistent with the load ac
count, set size interacted with congruency [F(1,46) 5 
15.1, MSe 5 10,304], reflecting greater interference in 
set size 2 (60 msec) than in set size 6 (30 msec). The in
teraction of congruency and experiment was significant 
[F(1,46) 5 13.5, MSe 5 24,809], indicating that interfer
ence when the distractor was the same color as the search 
letters (Experiment 3: 68 msec) was greater than interfer
ence when color was used to make the distractor distinc
tive (Experiment 2: 23 msec).2 Color, then, seems to be 
a particularly effective feature for the perceptual parsing 
of task relevant and taskirrelevant information. Finally, 
note that the threeway interaction was not significant 
(F , 1), indicating that the effect of load in Experiments 
2 and 3 did not significantly differ in magnitude. Indeed, 
increased load led to a reduction in distractor interference 
of 29 msec in both experiments.

(37 msec) than for set size 6 (8 msec). Again, interference 
for set size 6 did not differ from zero (t , 1).

The same ANOVA was conducted on error percentages. 
The effect of set size was significant [F(1,23) 5 179.7, 
MSe 5 25.6], indicating that fewer errors were made for 
set size 2 (7.7%) than for set size 6 (21.6%), providing 
further evidence that the load manipulation was effective. 
The effect of congruency [F(1,23) 5 12.9, MSe 5 9.9] 
was significant, with more errors made in the incongruent 
condition (15.8%) than in the neutral condition (13.5%). 
The interaction was not significant (F , 1).

The effect of task load on distractor processing did 
not differ whether the distractor was peripheral (Experi
ment 1) or central (Experiment 2). In both experiments, 
the increase in task load produced a decrease in distrac
tor interference, with interference eliminated under high 
load. It seems, then, that central stimuli do not receive 
prioritized processing regardless of relevance. Instead, 
just as was found for peripheral distractors, the extent to 
which central distractors are processed is determined by 
task load.

The finding that distractors at fixation do not produce 
significant interference in a highload condition seems to 
be inconsistent with the findings of Beck and Lavie (2005). 
Using a procedure nearly identical to ours, they found in 
their Experiment 1 that distractors at fixation produced 
significant interference in both a lowload (103 msec) and 
a highload (50 msec) condition. One key difference in 
the two procedures is that we used color and location as 
means for ensuring that the distractor (white) was phys
ically distinct from the search letters (green). In contrast, 
in the Beck and Lavie study, the distractor and the search 
letters were the same color; instead, they used size (search 
letters, 0.36º 3 0.54º; distractor letter, 0.43º 3 0.67º) and 
location to distinguish taskrelevant from taskirrelevant 
information. Possibly, then, Beck and Lavie found sig
nificant interference in their highload condition because 
the distractor in their procedure did not use color—a par
ticularly effective feature for perceptual grouping—to fa
cilitate a clear distinction between the taskrelevant and 
taskirrelevant information.1

ExPEriMEnt 3

Experiment 3 was designed to determine whether the 
use of color to provide the clear physical distinction be
tween taskrelevant and taskirrelevant information is a 
key factor in the efficiency of selective attention. To test 
this, the distractor and the search letters were presented in 
the same color, as was done in the Beck and Lavie (2005) 
study. In contrast to our previous experiments, in which 
the distractor was distinguished by both color and loca
tion, it was now distinct only in location: The distractor 
was presented in the center, whereas the search letters 
were presented in the periphery.

Method
Twentyfour different students participated for course credit or 

cash. The only difference from Experiment 2 was that the target, 
nontargets, and distractor now all appeared in white.
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formance with practice. Block interacted with experiment 
[F(8,276) 5 3.1, MSe 5 4,741], with Experiment 1 showing 
the least improvement with practice (Block 1, 713 msec; 
Block 5, 674 msec) and Experiment 3 showing the most 
improvement with practice (Block 1, 832 msec; Block 5, 
719 msec). Set size interacted with block [F(4,276) 5 3.1, 
MSe 5 2,582], with the rate of improvement being greater 
for the highload than for the lowload condition. Improve
ment was primarily linear, with RTs reduced by 16 msec per 
block in the lowload condition versus 25 msec per block in 
the highload condition. The threeway interaction was not 
significant [F(8,276) 5 1.3, MSe 5 2,582].

The same 2 3 5 3 3 ANOVA was conducted on overall 
error percentages, which are also presented in Figure 2. 
Overall error percentage was defined as being the average 
of congruent, incongruent, and neutral error percentages. 
The effect of experiment was not significant [F(2,69) 5 
2.3, MSe 5 299]. The effect of set size was significant 
[F(1,69) 5 332.7, MSe 5 103], as was the effect of block 
[F(4,276) 5 7.0, MSe 5 22.2]. These effects should be 
considered in the context of the significant interaction of 
set size and block [F(4,276) 5 4.3, MSe 5 18.1], with 
the rate of improvement for the highload condition being 
greater than that for the lowload condition. Improvement 
was primarily linear, with errors in the lowload condition 
being reduced by 0.15% per block, whereas errors in the 
highload condition were reduced by 1% per block. Nei
ther the interaction of set size and experiment [F(2,69) 5 
1.4, MSe 5 103] nor the interaction of block and experi
ment was significant (F , 1). The threeway interaction 
also was not significant [F(8,276) 5 1.4, MSe 5 18.1].

Next, a 2 3 2 3 5 3 3 (set size 3 congruency 3 
block 3 experiment) ANOVA was conducted on RTs. The 
fourway interaction was not significant (F , 1). None of 
the threeway interactions involving experiment was sig
nificant [set size 3 block 3 experiment, F(8,276) 5 1.2, 
MSe 5 6,555; set size 3 congruency 3 experiment, F , 1; 
block 3 congruency 3 experiment, F , 1]. Analyses were 
then collapsed over experiment; the RT data are presented 
in Figure 3. The interaction of set size 3 congruency 3 
block was significant [F(4,276) 5 3.6, MSe 5 2,903]. To 
examine this threeway interaction, a 2 3 5 (congruency 3 
block) ANOVA was conducted for each set size.

For the lowload condition, the effect of block was sig
nificant [F(4,284) 5 18.2, MSe 5 5,561], as was the effect 
of congruency [F(1,71) 5 62.4, MSe 5 6,399]. Both of 
these effects need to be interpreted in the context of the sig
nificant interaction of block and congruency [F(4,284) 5 
3.3, MSe 5 1,906]. To do this, interference scores were 
examined. Interference was evident in all five blocks of 
the lowload condition [Block 1 (69 msec), t(71) 5 6.4, 
SEM 5 10.7; Block 2 (48 msec), t(71) 5 5.4, SEM 5 
8.9; Block 3 (36 msec), t(71) 5 4.3, SEM 5 8.5; Block 4 
(37 msec), t(71) 5 5.3, SEM 5 7.0; Block 5 (45 msec), 
t(71) 5 5.2, SEM 5 8.7]. A linear contrast comparing 
the first block with the remaining four blocks shows that 
this interaction arises because interference in Block 1 
(69 msec) was significantly larger than mean interference 
in the remaining four blocks (41 msec) [F(1,71) 5 9.4, 
MSe 5 88,877].

In sum, Experiment 2 showed that when color can be 
used to distinguish taskrelevant and taskirrelevant in
formation, participants are more efficient in the selection 
of taskrelevant search letters and more efficiently avoid 
the processing of distracting information, even when the 
distractor is presented at fixation. Furthermore, although 
distractor distinctiveness improves selective attention, 
we found that it was not necessary for increased load to 
produce decreased distractor interference. Regardless of 
whether or not the distractor and search letters were pre
sented in unique colors, distractor interference decreased 
with increased load.

We now turn to our second key question: Does prac
tice lead to a reduction in capacity demands, resulting in 
increased spare capacity and hence increased distractor 
processing and interference?

PrACtiCE rESuLtS

The designs of Experiments 1, 2, and 3 were identical 
in terms of number of blocks (5) and number of trials per 
block (72). To provide sufficient power to examine practice 
effects across the five blocks, experiment was incorporated 
as a betweenparticipants variable. The practice analysis 
was, therefore, a 2 3 5 3 3 (set size 3 block 3 experi
ment) ANOVA. Overall RT (presented in Figure 2) was 
defined as being the average of congruent, incongruent, 
and neutral RT. The effect of experiment was significant 
[F(2,69) 5 3.4, MSe 5 112,403], with faster RTs for Ex
periments 1 and 2 (692 msec and 694 msec, respectively) 
than for Experiment 3 (762 msec). The effect of set size was 
significant [F(1,69) 5 200.7, MSe 5 21,155], with RTs 
being faster for set size 2 (639 msec) than for set size 6 
(793 msec). Set size interacted with experiment [F(2,69) 5 
3.4, MSe 5 21,155], with the set size effect smallest for Ex
periment 2 (set size 2, 637 msec; set size 6, 751 msec) and 
largest for Experiment 3 (set size 2, 674 msec; set size 6, 
851 msec). The effect of block was significant [F(4,276) 5 
33.4, MSe 5 4,741], indicating an improvement in task per
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Figure 2. Overall rt (in milliseconds) averaged across Experi-
ments 1, 2, and 3, as a function of set size and block. Overall rt 
is defined as being the average of congruent, incongruent, and 
neutral rt. the corresponding overall error (as a percentage) is 
displayed above each rt data point and is defined as being the 
average of congruent, incongruent, and neutral errors.
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highload condition [Block 1, t(71) 5 3.8, SEM 5 13.1; 
Block 2, t(71) 5 2.7, SEM 5 15.1; Block 3, t(71) 5 2.6, 
SEM 5 12.0]. However, the load effect was eliminated 
in Blocks 4 and 5 [Block 4, t(71) 5 1.3, SEM 5 11.7; 
Block 5, t(71) 5 1.0, SEM 5 10.9].

A corresponding 2 3 2 3 5 3 3 (set size 3 congru
ency 3 block 3 experiment) ANOVA was conducted on 
error percentages. The fourway interaction was signifi
cant [F(8,276) 5 3.6, MSe 5 41.3]. Analysis of the four
way interaction produced no clear conclusions regarding 
the effect of practice on error percentages.

GEnErAL DiSCuSSiOn

Taken together, these experiments provide evidence re
garding two issues related to load and selective attention. 
First, we found that interference from a distractor presented 
at fixation could be eliminated by high load. Specifically, 
in Experiment 2, we found that when color could be used 
to distinguish taskrelevant and taskirrelevant informa
tion, selective attention was efficient, in that distractor 
interference was eliminated under highload conditions. 
We agree with Beck and Lavie (2005) that a distractor 
presented at fixation receives prioritized processing, but 
we suggest that, even so, information at fixation can still 
be efficiently filtered out if there is an effective feature, 
such as color, that can be used to clearly distinguish task
relevant from taskirrelevant information.

Regarding the second issue, although distractor distinc
tiveness was necessary for efficient selective attention, 
it was not necessary for increases in load to produce de
creased distractor interference. Furthermore, significant 
evidence was provided for the robustness of the effect of 
load on the processing of irrelevant distractors. As load 
increased, interference from an irrelevant distractor al
ways decreased, regardless of the location of the distractor 
(fixation or periphery), the distinctiveness of the distrac
tor, or the absolute level of interference. Load, then, is 
a prime determinant of the extent to which a distractor 
is processed. These findings are consistent with Lavie’s 
(1995) account, which holds that increasing the percep
tual load reduces the amount of spare capacity that can 
be (involuntarily) allocated to the processing of irrelevant 
distractors.

As expected, practice on the search task resulted in im
proved overall performance. Use of the Lavie and Cox 
(1997) procedure allowed us to determine whether this 
improvement reflects a reduction in capacity demands 
required for completing the task (e.g., Posner & Snyder, 
1975; Shiffrin & Schneider, 1977). Consistent with the 
hypothesis that practice reduces capacity demands and 
thereby increases spare capacity, we found that, in a high
load condition, practice actually resulted in increased in
terference from an irrelevant distractor.

In the lowload condition, there are three possible rea
sons for the lack of a practice effect on distractor interfer
ence. The first is that the lower capacity demands under 
low load might prevent practice from having as large an 
impact on capacity demands as was found for the high
load condition. The procedure may simply have been in

For the highload condition, the effect of block was 
significant [F(4,284) 5 19.3, MSe 5 12,175], as was the 
effect of congruency [F(1,71) 5 13.0, MSe 5 6,573]. 
Both of these effects need to be interpreted in the con
text of the significant interaction of block and congruency 
[F(4,284) 5 3.5, MSe 5 4,472]. To do this, RT interference 
scores were examined. Interference was not significant in 
the first three blocks of the highload condition [Block 1 
(18 msec), t(71) 5 1.4, SEM 5 12.7; Block 2 (7 msec), 
t , 1; Block 3 (5 msec), t , 1]. However, significant inter
ference emerged in the last two blocks [Block 4 (21 msec), 
t(71) 5 2.1, SEM 5 10.5; Block 5 (57 msec), t(71) 5 5.7, 
SEM 5 10.0]. A linear contrast comparing the first three 
blocks with the last two blocks shows that this interaction 
arises because mean interference in the first three blocks 
(10 msec) was significantly less than mean interference 
in the last two blocks (39 msec) [F(1,71) 5 7.8, MSe 5 
201,469]. This finding, that practice increases interfer
ence in the highload condition, supports the hypothesis 
that practice actually does reduce capacity demands and 
does increase spare capacity.

Finally, in order to compare the congruency effects 
for different loads, a 2 3 5 (set size 3 block) ANOVA 
was conducted, examining RT interference scores. The 
effect of set size was significant [F(1,71) 5 20.4, MSe 5 
5,671], as was the effect of block [F(4,284) 5 3.2, MSe 5 
7,001]. Most critically, set size and block interacted sig
nificantly [F(4,284) 5 3.7, MSe 5 5,756]. The load effect 
was apparent in the first three blocks, with significantly 
greater interference in the lowload condition than in the 
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derived from the first diffuse attention stage becomes 
sufficient to support accurate responding, participants 
begin to rely solely on information from this stage, no 
longer shifting to the second stage. The result is more time 
being spent during this first stage and greater processing 
of the distractor. Note that this explanation is consistent 
with Shiffrin and Schneider’s (1977) finding that serial, 
limited capacity search can, with practice, become paral
lel, capacityfree search.

One aspect of the results may at first glance appear 
difficult to reconcile with the dilution account. If, after 
practice, both low and highload conditions rely pri
marily on the parallel processing stage, why are overall 
RTs slower for the highload condition? We suggest that 
this is because of decisional noise (e.g., Palmer, 1994, 
1995), not because of differences in perceptual process
ing. Palmer (1994, 1995) has argued that this is the case 
for  unlimitedcapacity, parallel perceptual processing, so 
that the addition of distractors does not actually slow per
ceptual processing. Rather, the addition of distractors is 
seen as adding decision noise. Therefore, the reason for 
increased RTs with increased set size may not be attribut
able to an increase in perceptual load, but instead to an 
increase in the difficulty of the decisionmaking process.

Finally, it is noteworthy that the load account (Lavie, 
1995) also would have difficulty accounting for our find
ing that increased load reduces interference only during 
the first three blocks. For Blocks 4 and 5, set size 6 still 
demands more capacity than does set size 2, as indexed 
by overall RTs. Yet, this greater load does not result in 
reduced distractor interference relative to set size 2. The 
twostage dilution account does, however, explain this 
finding by suggesting that practice in the highload con
dition leads to decreased reliance on the limitedcapacity 
second stage and increased reliance on the parallel pro
cessing first stage for producing a response.

Conclusion
This study contributes three findings. First, when 

color was used for distinguishing taskrelevant and 
task irrelevant information, taskirrelevant information 
was more efficiently ignored in highload conditions, 
even when that distracting information was presented at 
fixation. Second, increased task load reduced distractor 
processing and interference regardless of whether the ir
relevant distractor was distinctive from the taskrelevant 
information. Third, evidence is provided that practice 
reduces capacity demands, at least under highload con
ditions. Although Lavie’s (1995) load account motivated 
these experiments and can accommodate some of our re
sults, we describe a twostage dilution account that suc
cessfully captures all of the results.
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sensitive to this smaller reduction in capacity demands 
and was consequently unable to detect this smaller effect 
on spare capacity, distractor processing, and distractor 
interference. Second, capacity may have been so low in 
the lowload task that, even early in practice, the distrac
tor may have been nearly fully processed: In some sense, 
distractor processing may be near ceiling. Consequently, 
any reduction in capacity caused by practice might be ex
pected to only minimally increase distractor processing 
that is already close to ceiling. The third possibility is that 
Lavie’s (1995) load hypothesis does not actually account 
for the differential effect of practice on distractor interfer
ence in lowload and highload tasks. Rather, this pattern 
might be more consistent with a twostage dilution ac
count that we (Wilson, Muroi, & MacLeod, 2007) have 
used in order to explain another finding inconsistent with 
the load hypothesis.

The twostage dilution account is similar to previous 
twostage theories (e.g., Hoffman, 1979; Neisser, 1967) 
and to the zoomlens theory (Eriksen & Yeh, 1985). In the 
first stage, processing of all displayed stimuli is conducted 
in parallel (diffuse attention) with the goal of determining 
the likely location of the target. The more time spent in this 
first stage, the greater the processing of the irrelevant dis
tractor. Having determined the likely target location (e.g., 
based on a derived similarity measure of each item with a 
memory representation of the target, as Hoffman, 1979, 
suggested), capacity is narrowly allocated (focused atten
tion) to the stimulus at the most probable target location.

The twostage dilution account incorporates two con
cepts into Hoffman’s (1979) twostage theory. First, La
vie’s (1995) load concept is applied to the second stage of 
focused processing, so that during this focused attention 
stage, all displayed stimuli at other locations are still pro
cessed to the extent that there is sufficient spare capacity. 
Second, the concept of dilution is incorporated, so that 
increasing the number of displayed stimuli leads to re
duced processing of each item, because the spare capacity 
is diluted across (or shared among) these stimuli. Thus, 
the reason that increased set size produces decreased dis
tractor interference, as found here, is that the additional 
stimuli in set size 6 relative to set size 2 cause greater 
dilution of processing of the irrelevant distractor during 
this second stage of focused attention.

The twostage dilution account would then explain the 
differential effect of practice on distractor interference for 
low load versus high load as follows. For set size 2, even 
prior to practice, participants rely on information derived 
from the first stage of diffuse attention processing, with
out ever shifting to the second stage of focused attention. 
Practice then reduces the length of time spent in the first 
stage, reducing distractor processing and interference. For 
set size 6, prior to practice, the target information derived 
from the first stage of diffuse attention is weakened be
cause of interference from the additional displayed stim
uli, and is thus not sufficient for supporting an accurate 
response. Prior to practice, then, participants must shift 
to and rely on the second stage in order to acquire more 
information about the item at the most probable target 
location. At the point during practice when information 
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nOtES

1. Another difference between our study and the Beck and Lavie 
(2005) study is that they examined the congruency effect (difference 
in performance between congruent and incongruent trials), whereas we 
examined the interference effect (difference in performance between 
incongruent and neutral trials). For Experiments 1 and 3, it makes no 
difference which measure of distractor processing is used. However, for 
Experiment 2, whereas the interference effect was not significant for the 
highload condition (8 msec) (t , 1), the congruency effect (17 msec) 
was significant [t(23) 5 2.3, SEM 5 7.2]. Possibly, then, although color 
allows for more efficient selection of taskrelevant information, it may 
not allow for complete elimination of distractor processing.

2. Note that if we use as our measure of distractor processing the con
gruency effect rather than the interference effect, the pattern of results is 
the same, so that we again find a significant interaction of congruency 
and experiment [F(1,46) 5 16.5, MSe 5 28,335], indicating that the 
congruency effect when the distractor was the same color as the search 
letters (Experiment 3: 78 msec) was greater than when color was used to 
make the distractor distinctive (Experiment 2: 29 msec).
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