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An important task for vision scientists is to understand 
how the visual system selects relevant information among 
competing distractors. Prior research has identified several 
factors that influence the efficiency of selective attention. 
These factors include the spatial proximity and perceptual 
grouping between a target and distractors (B. A. Eriksen 
& C. W. Eriksen, 1974; Kramer & Jacobson, 1991), the 
extent of attentional focus induced by a task (Chen, 2000, 
2003; C. W. Eriksen & St. James, 1986; LaBerge, Brown, 
Carter, Bash, & Hartley, 1991), and the perceptual load 
involved in the processing of a target (Lavie, 1995).

In addition to the factors above, recent research sug-
gests that the extent of distractor processing is also influ-
enced by working memory (WM) capacity. Several stud-
ies have reported a positive correlation between WM span 
and distractor inhibition. Relative to participants with low 
WM span, participants with high WM span showed less 
Stroop interference (Kane & Engle, 2003), were faster to 
perform antisaccade tasks, and made fewer reflexive sac-
cades to an exogenous cue on the wrong side of the screen 
(Unsworth, Schrock, & Engle, 2004).

There is evidence that WM may even play a causal role 
in distractor inhibition. Lavie and her colleagues (Lavie, 
Hirst, de Fockert, & Viding, 2004) conducted several 
experiments in which participants performed a letter 
discrimination task while holding either one digit (low 
WM load) or several digits (high WM load) in memory. 
Distractor interference was larger in the high-load condi-
tion than in the low-load condition. Similar results were 
obtained when the task was to search for a target among 
irrelevant items in the presence of a unique singleton 
distractor (Lavie & de Fockert, 2005). The distractor 
caused more interference when the search was performed 

with a concurrent memory task than when it was per-
formed without one.

The effect of WM on distractor processing is consis-
tent with the load theory of attention proposed by Lavie 
(see Lavie, 2005, for a review). According to the theory, 
selective attention involves two mechanisms: a perceptual 
selection mechanism that prevents distractor processing 
under situations of high perceptual load and a cognitive 
control mechanism that inhibits distractor interference 
under situations of low perceptual load. Specifically, 
when distractors have been perceived due to low percep-
tual load, the efficiency of distractor inhibition depends 
on the availability of executive cognitive control func-
tions. When WM, which is part of the executive cognitive 
control mechanism, is loaded, efficient distractor inhibi-
tion will be impaired, due to the lack of resources avail-
able to actively maintain stimulus-processing priorities. 
As a result, distractor interference will be greater when 
WM load is high than when it is low.

However, despite empirical support for the cognitive 
control account of distractor inhibition from several stud-
ies (Lavie & de Fockert, 2005; Lavie et al., 2004), other 
experiments have shown conflicting results (Logan, 1978; 
Woodman, Vogel, & Luck, 2001). Logan reported no 
difference in visual search slopes when his participants 
searched for targets either with or without a concurrent 
memory task. Woodman et al. also observed comparable 
search slopes in trials with different visual WM loads. 
These results suggest that high WM load does not always 
lead to impaired performance in selective attention.

These seemingly inconsistent results raise an interest-
ing question regarding the relationship between WM and 
distractor inhibition. Is it possible that the effect of WM 
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load on distractor inhibition is modulated by some other 
factors? The goal of the present study was to examine the 
role of WM in selective attention while controlling the ex-
tent of attentional focus. In prior studies, a common way 
to manipulate WM load was to vary the number of items 
the participants held in memory while they performed 
a selective attention task. When the to-be-remembered 
items were presented simultaneously, the number of items 
would be correlated positively with the extent of attentional 
focus. Consequently, high WM load was typically associ-
ated with a wide attentional focus, whereas low load was 
associated with a narrow attentional focus (e.g., Lavie & 
de Fockert, 2005; Lavie et al., 2004). Because attentional 
focus is known to influence the efficiency of distractor 
inhibition (Chen, 2000, 2003; C. W. Eriksen & St. James, 
1986; LaBerge et al., 1991), the systematic pairing be-
tween WM load and attentional focus raises the possibil-
ity that the differential distractor interference in the low 
versus high WM load conditions may be explained by a 
difference in attentional focus.

In the experiments reported here, we assessed the 
role of WM load in several ways. In Experiment 1A, we 
covaried WM load with the extent of attentional focus so 
that they were positively correlated. In Experiments 1B 
and 1C, we manipulated WM load while holding constant 
the extent of attentional focus and vice versa. In Experi-
ment 2, we pitted one factor against the other. Finally, in 
Experiment 3, we increased WM load, to ensure that our 
results could be generalized to other levels of WM load. 
We found no evidence that WM load affected the degree 
of distractor inhibition. Instead, distractor interference 
differed as a function of the extent of attentional focus.

EXPERIMENTS 1A, 1B, AND 1C

In Experiment 1A, we deliberately covaried WM load 
with the extent of attentional focus, so that a high WM 
load was paired with a wide attentional focus and a low 

WM load with a narrow attentional focus. Our goal was 
to establish differential levels of distractor interference 
across the critical experimental conditions. We expected 
greater distractor interference in the high-load/wide-focus 
condition than in the low-load/narrow-focus condition. 
Such a result would be predicted by both the cognitive 
control account and the attentional focus account of 
distractor inhibition.

In Experiment 1B, we tested the cognitive control ac-
count of distractor inhibition by varying WM load while 
controlling the extent of attentional focus. The cognitive 
control account would predict larger distractor interfer-
ence on high- than on low-load trials. In Experiment 1C, 
we examined the attentional focus account by manipu-
lating the extent of attentional focus while keeping WM 
load constant. If attentional focus is a major determinant 
of distractor interference, greater distractor interference 
should be found in the wide-focus condition than in the 
narrow-focus condition.

Experiment 1A

Method
Participants. Fourteen undergraduate students from the Uni-

versity of Canterbury took part in the experiment in exchange for 
payment.1

Stimuli and Design. All the stimuli were presented against a 
homogenous gray background. Each trial consisted of a fixation, 
a cue, and a target display (see Figure 1). The fixation was a small 
white cross at the center of the screen. The cue was made of either 
one square that subtended 0.57º or four identical squares that formed 
a 7.54º  7.93º imaginary rectangle. The cue was equally likely to 
be red, green, or white and on the left or right side of the screen, 
with its center 4.59º from the fixation. The target display consisted 
of a black target letter (H or S; size: 48) surrounded by four identi-
cal black distractor letters (H, S, or X; size: 72). The entire display 
subtended 7.07º.

The experiment was a 2  2 within-subjects design, with the prin-
cipal manipulations being target–distractor compatibility (neutral vs. 
incongruent) and WM load/attentional focus (high-load/wide-focus 
vs. low-load/narrow-focus). Whereas target–distractor compatibility 

Figure 1. Examples of (A) a typical trial in the high-load/wide-focus condition and (B) a typical trial in the low-
load/narrow-focus condition in Experiment 1A.
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was varied within blocks, load/focus was varied across blocks, with 
block order counterbalanced across participants. On half the trials, 
the distractors were not associated with the target response, and on 
the rest of the trials, they indicated a response different from that 
for the target. In the high-load/wide-focus condition, the cue was 
made of four squares, and the task was speeded letter discrimina-
tion, followed by an accuracy-only response for the color of the cue. 
In the low-load/narrow-focus condition, the cue was made of one 
square, and in addition to the letter discrimination task, the partici-
pants pressed a designated key to initiate the next trial, irrespective 
of the color of the cue.

The fixation was presented for 1,005 msec, followed by a 120-msec 
display of the cue on the left or right side of the screen with equal 
probability. The target display then appeared for 120 msec on the 
same side of the screen as the cue. For the letter discrimination task, 
the two designated keys were “ ” for H and “/” for S. For the mem-
ory task, the participants pressed one of three labeled keys (“z” for 
white, “x” for red, and “c” for green), in accordance with the color 
of the cue, in the high-load condition or the “z” key, regardless of the 
color of the cue, in the low-load condition.

Results
Accuracy for the memory task was high, with the mean memory-

related error rates being 4.5% and 0% for the high-load/wide-focus 
and low-load/narrow-focus conditions, respectively.2 The results for 
the letter discrimination task are shown in Table 1, Experiment 1A. 
A repeated measures ANOVA on mean reaction time (RT) and ac-
curacy data showed faster and more accurate responses on the neu-
tral trials (591 msec with 1.6% error) than on the incongruent ones 
(619 msec with 4.0% error) [F(1,13)  52.21, MSe  207, p  
.001, and F(1,13)  11.37, MSe  6.76, p  .01, for RT and accu-
racy, respectively] and faster responses in the low-load/narrow-focus 
condition (490 msec) than in the high-load/wide-focus condition 
(720 msec) [F(1,13)  45.78, MSe  16,159, p  .001]. Further-
more, the compatibility effect was larger in the high-load/wide-focus 
condition (34 msec) than in the low-load/narrow-focus condition 
(22 msec) [F(1,13)  5.11, MSe  101, p  .05]. No other effects 
reached significance. (See Experiment 1C for the discussion of the 
results of this experiment and those of Experiment 1B.)

Experiment 1B

Method
In Experiment 1B (N  10), WM load was manipulated while 

the extent of attentional focus was held constant. The method was 
identical to that in Experiment 1A, except that the cue was always 
made of four squares. As before, after letter discrimination, the par-
ticipants reported the color of the cue in the high-load condition but 
pressed a designated key, regardless of the color of the cue, in the 
low-load condition.

Results
Accuracy for the memory task was again high (see 

Table 1, Experiment 1B). The mean memory-related error 
rates for the high- and low-load conditions were 6% and 
0%, respectively. For the letter discrimination task, the 
participants were again faster and more accurate on the 
neutral trials (624 msec with 2.8% error) than on the incon-
gruent ones (657 msec with 5.7% error) [F(1,9)  29.89, 
MSe  352.7, p  .001, and F(1,9)  21.97, MSe  3.99, 
p  .01, for RT and accuracy, respectively]. They were 
also faster when the load was low (502 msec) than when 
it was high (779 msec) [F(1,9)  14.46, MSe  53,060.4, 
p  .01]. However, the critical compatibility  load in-
teraction was not significant for either RT [F(1,9)  0.01, 
MSe  278.7, n.s.] or accuracy [F(1,9)  1.75, MSe  
3.39, n.s.], suggesting a negligible WM load effect. No 
other effects were found.

Experiment 1C

Method
In Experiment 1C (N  14), the extent of attentional focus was 

varied while WM load was controlled for. Unlike in the previous 
experiments, the participants performed a single task of letter dis-
crimination. Because cue validity was 100% with respect to target 
location and abrupt onsets capture attention (Yantis & Jonides, 

Table 1 
Mean Reaction Times (RTs, in Milliseconds) and Error Rates 
(%E), With Standard Errors, for the Letter Discrimination 

Task in Experiments 1A, 1B, and 1C

RT %E

Condition  Compatibility  M  SE  M  SE

Experiment 1A

Low-load/Narrow-focus Incongruent 501 20.0 3.9 1.04
Neutral 479 19.0 1.5 0.46

High-load/Wide-focus Incongruent 737 48.2 4.0 1.19
Neutral 703 45.0 1.7 0.55

Experiment 1B

Low working memory load Incongruent 518 18.8 6.5 1.43
Neutral 485 18.3 2.8 0.71

High working memory load Incongruent 795 80.3 4.9 0.85
Neutral 763 80.3 2.7 0.61

Experiment 1C

Narrow focus Incongruent 497 15.5 6.3 1.31
Neutral 467 15.1 3.1 0.95

Wide focus Incongruent 508 16.1 6.3 1.71
Neutral 468 15.2 2.5 0.87

Note—The standard errors shown here represent the between-subjects vari-
ability within a condition, not the within-subjects variability across conditions 
that is of interest here.
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1984), we assumed that the participants would attend to the cue and 
that the two types of cues would induce different sizes of attentional 
focus. The cue was always white and consisted of four squares in 
the wide-focus condition and a single square in the narrow-focus 
condition. All other aspects of the method were identical to those 
in Experiment 1A.

Results and Discussion
The compatibility effect was again significant, with faster 

and more accurate responses on the neutral trials (468 msec 
with 2.8% error; see Table 1, Experiment 1C) than on the 
incongruent ones (503 msec with 6.3% error) [F(1,13)  
103.4, MSe  165, p  .001 for RT, and F(1,13)  16.14, 
MSe  10.7, p  .01, for accuracy]. More important, there 
was a size  compatibility interaction for RT [F(1,13)  
6.05, MSe  58, p  .05]. The compatibility effect was 
larger when the cue was wide (40 msec) than when it was 
narrow (30 msec). No other effects were significant.

Consistent with prior research (Lavie & de Fockert, 2005; 
Lavie et al., 2004), Experiment 1A showed greater distractor 
interference when WM load was high than when it was low. 
However, as we stated earlier, because the level of WM load 
was confounded with the extent of attentional focus, this 
result could have been caused by a difference in WM load 
and/or a difference in the extent of attentional focus.

Interestingly, when the extent of attentional focus was 
controlled in Experiment 1B, the previously observed dif-
ferential compatibility effect disappeared. Although WM 
load increased the overall RT for the letter discrimination 
task, it did not increase the amount of distractor inter-
ference. In other words, the magnitude of the distractor 
compatibility effect remained constant in both the low and 
the high WM load conditions, suggesting that variation in 
WM does not influence the degree of distractor interfer-
ence. What is more, the differential compatibility effect 
was reinstated in Experiment 1C when attentional focus 
was varied while WM load was held constant. Taken to-
gether, these findings were consistent with the attentional 
focus account, rather than with the cognitive control ac-
count, of distractor inhibition. 

EXPERIMENT 2

Experiment 2 (N  14) was a critical experiment. It 
was designed to pit the cognitive control account against 

the attentional focus account. The method was the same as 
that in Experiment 1A, except for one crucial difference: 
High WM load was paired with a narrow attentional focus, 
whereas low WM load was paired with a wide attentional 
focus. Whereas the cognitive control account would pre-
dict a larger compatibility effect in the high-load/narrow-
focus condition than in the low-load/wide-focus condition, 
the attentional focus account would predict the opposite: 
greater distractor interference in the low-load/wide-focus 
condition than in the high-load/narrow-focus condition.

Results and Discussion
As in the previous experiments, the participants showed 

high accuracy for the memory task, with the memory-
 related error rates being 6.9% and 0% for the high-load/
narrow-focus and low-load/wide-focus conditions, re-
spectively. Table 2 shows the data for the letter discrimi-
nation task. An ANOVA on RT revealed significant effects 
of load/focus [F(1,13)  16.11, MSe  24,336, p  .01] 
and compatibility [F(1,13)  24.8, MSe  389, p  .01] 
and a significant interaction [F(1,13)  9.84, MSe  151, 
p  .01], with a larger compatibility effect in the low-
load/wide-focus condition (37 msec) than in the high-
load/narrow-focus condition (16 msec). A similar analysis 
on accuracy showed lower error rates on the neutral trials 
than on the incongruent trials [F(1,13)  5.23, MSe  
9.51, p  .04]. No other effects were significant.

These results were inconsistent with the cognitive con-
trol interpretation of distractor inhibition, which would 
predict greater distractor processing under high WM load 
than under low WM load. Once again, the results sug-
gest that attentional focus, rather than WM load, played 
a critical role in selective attention, at least in the present 
paradigm.

Admittedly, there was one important methodological 
difference between the present experiments and those in 
prior research. Whereas high WM load involved maintain-
ing one item in memory in our experiments, it typically 
has involved holding multiple items in memory in other 
studies (e.g., Lavie et al., 2004). Because WM capacity 
is generally believed to be four items (Cowan, 2001), it 
is possible that our results were caused by an underuse of 
WM capacity. Experiment 3 addressed this possibility by 
increasing overall WM load.

Table 2 
Mean Reaction Times (RTs, in Milliseconds) and Error Rates 
(%E), With Standard Errors, for the Letter Discrimination 

Task in Experiment 2

RT %E

Condition  Compatibility  M  SE  M  SE

Low-load/Wide-focus Incongruent 518 13.0 5.2 1.07
Neutral 481 12.9 2.1 0.47

High-load/Narrow-focus Incongruent 675 42.3 3.3 0.77
Neutral 659 43.9 2.7 0.57

Note—The standard errors shown here represent the between-subjects 
variability within a condition, not the within-subjects variability across 
conditions that is of interest here.
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EXPERIMENT 3

Method
Fifty-four new participants were recruited. They were equally 

divided and randomly assigned to one of three groups: high-load/
narrow-focus, low-load/narrow-focus, and low-load/wide-focus. All 
performed a letter discrimination task, followed by a digit memory 
task.

Several changes were made in methodology (see Figure 2). First, 
a memory array was inserted after the fixation. It consisted of either 
one digit or six different digits. Second, the cue, which could be 
small (one square) or large (four squares), was always white. Third, 
a memory probe that consisted of one digit and a question mark was 
presented immediately after the participants performed the letter 
discrimination task. On half the trials, the memory probe was in the 
memory array, and on the remaining trials, it was absent from it. The 
participants pressed the “z” or “x” key for the probe-present and 
probe-absent trials, respectively.

Results and Discussion
Tables 3A and 3B show the data. Two participants’ 

data were excluded from analyses due to their high error 
rates, which exceeded 30% in one condition. Two mixed 
ANOVAs with target–distractor compatibility as the 
within-subjects factor and group as the between-subjects 
factor were conducted on the RT and accuracy data. The 
participants were faster and more accurate on the neutral 
than on the incongruent trials [F(1,49)  103.39, MSe  
122, p  .0001, and F(1,49)  10.91, MSe  4.83, p  
.001, for RT and accuracy, respectively]. In addition, for 
RT, there was a significant effect of group [F(2,49)  
3.27, MSe  16,411, p  .05] and a compatibility  

group interaction [F(2,49)  5.17, MSe  122, p  .01]. 
No other effects reached significance.

To clarify the interaction for RT, we conducted two ad-
ditional ANOVAs. A comparison between the high-load/
narrow-focus group and the low-load/narrow-focus group 
allowed us to assess the effect of WM load. The analy-
sis revealed a significant compatibility effect [F(1,33)  
68.75, MSe  75, p  .0001] but no compatibility  group 
interaction [F(1,33)  0.09, MSe  75, n.s.], suggesting 
that WM load had little influence on distractor inhibition. 
Likewise, a comparison between the low-load/narrow-
focus group and the low-load/wide-focus group allowed 
us to measure the effect of attentional focus. Importantly, 
in addition to a significant compatibility effect [F(1,33)  
74.97, MSe  137, p  .0001], a reliable group  com-
patibility interaction was found [F(1,33)  7.62, MSe  
137, p  .01], indicating that attentional focus affected 
distractor inhibition. No other effects were reliable.

An ANOVA on memory error rates showed a signifi-
cant group difference [F(2,49)  4.55, MSe  23.22, p  
.05]. Tukey’s HSD tests further indicated higher error rates 
for the high-load/narrow-focus group (10.04%) than for 
both the low-load/narrow-focus and the low-load/wide-
focus groups (5.76% and 5.72%, respectively), with no 
significant difference between the latter two. These results 
suggest that our manipulation of WM load was effective.

The most important finding of the experiment was the 
observation of the differential compatibility effect as a 
function of attentional focus, instead of WM load. This 
result was important because it showed that the findings 

Figure 2. An example of a typical trial in the high-load/narrow-focus condition in Experiment 3. In both the low-load/narrow-
focus and the low-load/wide-focus conditions, the presentation duration of the memory array was 510 msec. SOA, stimulus onset 
asynchrony.
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Table 3A 
Mean Reaction Times (RTs, in Milliseconds) and Error Rates 
(%E), With Standard Errors, for the Letter Discrimination 

Task in Experiment 3

RT %E

Condition  Compatibility  M  SE  M  SE

High-load/Narrow-focus Incongruent 554 22.5 4.8 1.03
Neutral 536 21.0 3.3 0.85

Low-load/Narrow-focus Incongruent 577 19.1 5.4 0.97
Neutral 560 19.3 3.2 0.70

Low-load/Wide-focus Incongruent 639 24.2 4.6 0.93
Neutral 607 24.8 4.0 0.81

Note—The standard errors shown here represent the between-subjects 
variability within a condition, not the within-subjects variability across 
conditions that is of interest here.
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of our previous experiments were not limited to situations 
of low WM load. It also eliminated a potentially important 
methodological difference between the present research 
and prior studies (e.g., Lavie et al., 2004). Taken together, 
our data support the attentional focus account, rather than 
the WM load account, of distractor inhibition.

GENERAL DISCUSSION

In the present study, the efficiency of distractor inhibi-
tion was not influenced by WM load when the extent of 
attentional focus was controlled. Of the four experiments 
in which WM load was manipulated, only Experiment 1A 
showed a greater compatibility effect in the high- than in 
the low-load condition. However, because WM load var-
ied systematically with attentional focus, the differential 
compatibility effect was equally likely to be caused by a 
difference in attentional focus as by a difference in WM 
load. Importantly, when attentional focus was controlled, 
the effect of WM load on distractor interference disap-
peared. In contrast, when WM load was held constant, 
attentional focus affected selective attention, so that the 
compatibility effect was larger in the wide-focus condition 
than in the narrow-focus one. These results were observed 
regardless of whether the overall WM load was relatively 
low (one item vs. zero items) or high (six items vs. one 
item). Furthermore, when low WM load was paired with 
a wide attentional focus and high WM load with a narrow 
attentional focus, the participants showed a larger compat-
ibility effect for the former than for the latter. These find-
ings are difficult to reconcile with the cognitive control 
account of distractor inhibition.

Our results are also consistent with the findings of 
Logan (1978). As we noted earlier, Logan did not find 
an effect of WM load on the visual search slopes. Inter-
estingly, although the issue of attentional focus was not 
examined explicitly in the study, the extent of attentional 
focus was held constant across the different load condi-
tions, because the stimuli in the memory array were pre-
sented sequentially. This ensured that there was no sys-
tematic variation in the extent of attentional focus across 
the different load conditions.

One may wonder why our results are inconsistent with 
the findings of de Fockert, Rees, Frith, and Lavie (2001), 
who presented an equal number of elements in the mem-
ory array across the different load conditions but still 
found greater interference on the high- than on the low-
load trials. In de Fockert et al., the task was to categorize 
famous names (pop stars vs. politicians) that were super-
imposed on congruent, incongruent, or neutral distractor 
faces while concurrently holding in memory four digits. 
Whereas the digits were always in a fixed order (i.e., 

1 2 3 4) in the low WM load condition, they were in a ran-
dom order on each trial (e.g., 9 4 7 6) in the high WM load 
condition. A larger compatibility effect was found when 
the WM load was high than when it was low.

Although the results of de Fockert et al. (2001) are con-
sistent with the cognitive control account of distractor inhi-
bition, there may exist an alternative interpretation. Unlike 
in our experiments, in which we used 100% valid cues to 
indicate the spatial location of the target as a means of in-
ducing the participants to pay attention to the cue, thereby 
controlling their attentional focus, de Fockert et al. did 
not employ any explicit means to control the participants’ 
attentional focus. Because the trials in the low and high 
memory load conditions were blocked, it would have been 
unlikely for the participants in de Fockert et al.’s study to 
adopt similar extents of attentional focus in the two condi-
tions, since there was no need to pay attention to the digits 
in the low-load condition, they were the same through-
out the entire block. The lack of control in the extent of 
attentional focus could then lead to differential distractor 
interference in the low- and the high-load conditions.

To conclude, the present research revealed no evidence 
that the degree of distractor interference varied as a func-
tion of WM load when the extent of attentional focus was 
controlled. However, this does not necessarily mean that 
selective attention does not require WM at all. It is en-
tirely possible that a complete depletion of WM may result 
in impaired performance, just as a complete depletion of 
attentional resources can impair feature search even though 
feature search does not appear to require attention under 
most circumstances (Joseph, Chun, & Nakayama, 1997). 
It is also possible that the effect of WM load on distractor 
processing depends on the specific types of memory and 
selective attention tasks. Indeed, recent experiments by 
Woodman and Luck (2004) show that maintaining spatial 
information in WM impairs visual search efficiency, even 
though maintaining object representations in WM does 
not (Woodman et al., 2001). Whether the effect of WM 
on selective attention is task specific and how many WM 
resources are necessary for efficient distractor inhibition 
require further investigation.
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NOTES

1. The participants’ mean ages for the different experiments were 20.4, 
20.8, 22.6, 23.4, and 20.7 years for Experiments 1A, 1B, 1C, 2, and 3, 
respectively. No participant took part in more than one experiment.

2. On a small proportion of trials in the memory task, instead of pressing 
one of the response keys designated for the memory task, some partici-
pants would press a key designated for the letter discrimination task or a 
key unrelated to any task. We consider this type of error as a response error, 
rather than a memory error. The mean error rates for response errors were 
1.8%, 0.8%, and 2.8% for Experiments 1A, 1B, and 2, respectively.

(Manuscript received October 18, 2005; 
revision accepted for publication May 23, 2006.)
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