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Introduction
•Attention enhances the processing of selected stimuli. If we have control over 
our attention, only relevant stimuli should be selected and processed, whereas 
irrelevant stimuli should be ignored.

•Research shows that salient, but irrelevant, visual stimuli capture attention. 
For example, presented with a display of green letters and a task to identify 
whether a green A or R is present (Figure 1), visual search is disrupted if a 
single red letter appears in the display. Attentional capture is the finding that 
RTs are slowed when such a color singleton distractor is present in a display, 
compared to absent from a display.

•Research also shows that attentional capture can be modulated by the 
attentional set used to locate a target (Folk, Remington & Johnston, 1992). 
Specifically, searching for target based on a specific feature can preclude a 
singleton from capturing attention if its features are different from the target’s 
feature in the attentional set.

•Also, color singletons do not always capture attention when visual search is 
inefficient; that is, when the perceptual load in a display is high and the target 
is difficult to locate resulting in RTs increasing as a function of display set size.

•However, Theeuwes and Burger (1998) found this was so only when the color 
of a singleton and of a target were constant across trials. If either color, or both 
colors, were varied the color singleton captured attention. Theeuwes and 
Burger suggested that this was do to a lack of complete top-down attentional 
control over which color was relevant and which was irrelevant.

•But no study has addressed an important question about the attentional set: 
Can a color singleton capture attention when a person has top-down 
information that cannot be utilized? That is, is having an attentional set for 
relevant vs. irrelevant stimuli sufficient to ignore an irrelevant singleton, or 
does the attentional set have to be maintained in working memory?

•I examined whether working memory mediates attentional capture by a 
salient, but irrelevant, color singleton. The experiments reported here are part 
of a dissertation completed at the University of Albany.

Experiment 1 (n = 20)

•Participants searched a display and identified whether a target letter A or R 
was present among 4 or 8 different and unique letters (i.e., display set sizes 
were 5 and 9). (See Figure 1)

•A color singleton was present on a random half of the trials and was equally 
often compatible and incompatible with the target’s identity. The color 
singleton never appeared in the same location as the target; hence, it was 
totally irrelevant and should be ignored. If the color singleton captures 
attention, RTs should be slower when the singleton is present than absent, 
and should also produce response competition between the identity of the 
singleton and of the target.

•The color of the singleton and the target’s color were constant across trials, 
so observers should form strong top-down attentional control.

•Because the target and each nontarget letter was unique, the display 
heterogeneity (i.e., perceptual load) was high and the target should be difficult 
to locate, which should make it unlikely the singleton would capture attention.

•Participants performed the search task under two working memory load 
conditions: (1) A low working memory load condition, in which each participant 
completed only the search task. (2) A high working memory load condition, in 
which each participant completed the search task while rehearsing a set of 
digits in a memory set that had to be compared to a memory probe presented 
after the search task was completed. This secondary task should strain 
working memory and preclude maintenance of the attentional set.

•Predictions: The color singleton would not capture attention nor compete with 
the target’s identity when working memory load is low, because the attentional 

set should be maintained and utilized to ignore the color singleton. However, 

that same color singleton should capture attention and produce response 

competition when working memory load was high, because the attentional set 

should not be maintained nor top-down knowledge utilized.

Results
•Geometric mean RTs were analyzed in a 2 (Working-Memory Load: Low vs. 
High ) x 2 (Set Size) x 2 (Singleton: Present vs. Absent) ANOVA (See Table 1 
for arithmetic means of the geometric means collapsed over set size. Percent 
errors are also presented, but the analyses are not reported here.) Unless 
indicated, all significant effects are associated with p < .05, two-tailed

•Main effect of Working memory load F(1,19)=24.22, η2=.560 due to faster 
RTs in the low-load condition (949 ms) than the high-load condition (1078 ms)

•Main effect of Set Size F(1,19)=135.31, η2 =.877 due to RTs increasing at a 
rate of 46.7 ms/item, which suggests inefficient visual search

•Main effect of Singleton F(1,19)=30.47, η2=.616 due to slower RTs when the 
distractor was present (1038 ms) than absent (983 ms) 

•There were no significant interactions [All F’s < 1]

Discussion
•Predictions were not supported. The singleton captured attention whether 
working memory load was low or was high.

•Attentional capture and response competition effects were nearly equivalent 
in both working memory load conditions. The capture of attention in the low-
load condition conflicts with and failed to replicate Theeuwes and Burger’s 
(1998) null capture effect under similar conditions.

•Was the capture of attention in the low-load condition due to the singleton 
being relevant to the target response-set? What if the singleton was neutral 
and unrelated to the target response set?

Experiment 2 (n = 24)

•Same procedures as Experiment 1, but with one exception: The singleton 
was neutral to the target response-set (i.e., the singleton was an E).

•Predictions were the same as Experiment 1.

Results
•Geometric mean RTs were analyzed in a 2 (Working-Memory Load: Low vs. 
High) x 2 (Set Size) x 2 (Singleton: Present vs. Singleton-Absent) ANOVA 
(See Table 1)

•Main effect of Working-memory load F(1,23)=41.35, η2=.643 due to faster 
RTs in the low load condition (868 ms) than the high-load condition (1049 ms)

•Main effect of Set Size F(1,23)=167.43, η2=.879 due RTs increasing at a rate 
of 41.9 ms/item, suggesting an inefficient visual search

•Main effect of Singleton F(1,23)=4.95, η2 =.177 due to slower RTs when the 
singleton was present (964 ms) than absent (952 ms)

•Importantly, Working-memory load interacted with Singleton F(1,23)=9.39, 
η2=.290, due to a significant capture effect in the high-load condition, but a null 
capture effect in the low-load condition

•No other interactions were significant [All F’s < 1.0]

Discussion
•Predictions were supported: The color singleton captured attention when 
working memory load was high and the attentional set was unlikely to be 
maintained. The color singleton failed to capture attention when working 
memory load was low and the attentional set could be maintained.

•The capture effect in Experiment 1 when working memory load was low was 
likely due to the target response-set relevance of the color singleton.

Conclusions

•Working memory load modulates attentional capture by an irrelevant color 
singleton during inefficient visual search, but  only when the color singleton is 
neutral and unrelated to the target response set.

•A color singleton can capture attention during an inefficient visual search, but 
only if working memory load is high, or the color singleton’s identify is relevant 
to the target response set.

•The capture of attention in Experiment 1’s low-load condition suggests that 
observers initially searched the display in parallel, possibly to tag the potential  
to-be-searched locations. If not the color singleton would not have interfered.

•Most important, having top-down knowledge means nothing if you do not 
have the working memory capacity to maintain the attentional set for that top-
down knowledge. If you cannot maintain an attentional set for relevant and 
irrelevant stimuli, the irrelevant stimuli will likely interfere with visual search.
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Figure 1. Examples of singleton-absent and singleton-present 
displays. The target R appears in each display. In the 
singleton-present display the color singleton is incompatible 
with the target’s response, but could also be compatible.

Table 1 Distractor Condition Interference Effects

Exp.

WM-

Load Present Absent Incompatible Compatible Capture Compatibility

Exp. 1 Low 972 (3.0) 913 (1.9) 997 (4.1) 952 (2.1) 56* (1.1)* 45* (2.0)*

High 1105 (1.7) 1051 (1.1) 1123 (1.8) 1090 (1.6) 53* (0.6)† 33* (0.1)

Exp. 2 Low 866 (3.0) 869 (3.0) -3 (0.0)

High 1061 (2.0) 1036 (2.0) 25* (0.0)

Note. RTs are rounded to nearest ms and percent errors to the nearest tenth of a percent. Under 
Interference Effects the values in the Capture column are attentional capture effects calculated by 
subtracting RTs and errors in the Distractor-Absent condition from the Distractor-Present condition. 
The values in the Compatibility column are response competition effects calculated by subtracting 
RTs and errors in the Compatible condition from the Incompatible condition.
† p < .05, one-tailed * p < .05, two-tailed


