
Since Baddeley and Hitch (1974) first published their 
seminal chapter on working memory (WM), many theo-
ries regarding the construct have been proposed. One of 
the more widely supported theories, particularly when ap-
plied to individual differences in WM, is the controlled 
attention theory of WM (Engle & Kane, 2004; Kane, 
Bleckley, Conway, & Engle, 2001; Kane & Engle, 2002), 
according to which there is a domain-general compo-
nent of WM responsible for guiding attention as well as 
 domain-specific components responsible for maintenance 
of task-relevant information. Individuals who score high 
on tests of working memory capacity (WMC) therefore 
may do so because of greater controlled attention and/or 
because of better use of domain-specific skills and strate-
gies to aid maintenance. Engle and colleagues have ar-
gued that the domain-general controlled attention ability 
is related to both higher-level cognition, such as fluid in-
telligence, reading comprehension, and problem solving, 
and lower level cognition, such as performance of simple 
visual and auditory attention tasks that require cognitive 
control (for a review, see Engle & Kane, 2004).

To date, all of the experiments that have demonstrated a 
relationship between WMC and lower level cognition have 
come from selective attention paradigms. For example, 
Kane et al. (2001) demonstrated the relationship using 
a visual orienting paradigm (i.e., pro- and antisaccade 

tasks). They found no difference between high and low 
WMC participants in the prosaccade task but high WMC 
participants performed significantly better than low WMC 
participants on the antisaccade task (see also Unsworth, 
Schrock, & Engle, 2004). The relationship between WMC 
and controlled attention was also observed in the Stroop 
task (Kane & Engle, 2003). In conditions that demanded 
less attention to maintain the task goal (i.e., when the ink 
color and the color word matched on either 0% or 100% of 
the trials) there was no difference in performance between 
high and low WMC participants; however, when the task 
demanded more attention to maintain the task goal (i.e., 
when the ink color and the color word matched on 75% of 
the trials) high WMC participants performed significantly 
better than low WMC participants.

Most relevant to the present project, the relationship 
between WMC and controlled attention has also been 
observed in the dichotic listening paradigm (Conway, 
Cowan, & Bunting, 2001). In a dichotic listening task, 
two messages are presented simultaneously, one to each 
ear. Conway et al. instructed participants to shadow the 
words presented to one ear while ignoring the words pre-
sented to the other ear, hence participants were required 
to use selective attention. Each participant’s own name 
was presented to the ignored message, and Conway et al. 
found that 65% of participants with low WMC reported 
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hearing their name, while only 20% of participants with 
high WMC reported hearing their name. Participants with 
greater WMC were better able to control their attention 
and focus on the relevant message, thus hearing their 
name less often.

Even though the above cited evidence supports the con-
trolled attention view of WM, one limitation of previous 
research is that all the experiments tested selective atten-
tion only. It is therefore an open question as to whether 
WMC will be related to performance in a divided atten-
tion paradigm. Cowan (2005) suggests that the spotlight 
(or focus) of attention is flexible, and that individuals dif-
fer in their ability to adapt the focus of attention according 
to task goals. If the task requires selective attention, then 
the spotlight of attention should be zoomed in and only 
the information relevant to the task should be processed. If 
the task requires attention to be divided, then the spotlight 
of attention should be zoomed out accordingly so that all 
information relevant to the task may be processed. How-
ever, the nature of individual differences in the flexibility 
of the spotlight of attention is unknown. It may be that 
higher WMC leads only to being able to focus (i.e., remain 
zoomed in). In contrast, it may be that higher WMC is 
related to the ability to flexibly adjust attention (i.e., zoom 
in or out depending on task demands). The nature of the 
selective attention tasks used in previous individual differ-
ences experiments does not allow us to examine flexibility 
because participants were expected to continuously focus 
their attention; therefore, divided attention tasks will 
allow us to explore flexibility because participants need 
to “zoom out” to perform the task appropriately.

The motivation for the present experiment was to ex-
plore whether WMC is related to performance in a di-
vided attention paradigm. To explore this, participants 
performed a dichotic listening task similar to that used by 
Conway et al. (2001) except participants had to divided 
their attention between the two messages. The results of 
previous studies (Kane et al., 2001; Kane & Engle, 2003) 
suggest that the level of attentional demand that a task 
has may influence the relationship that WMC plays in the 
completion of the task. Therefore, in the present experi-
ment we manipulated attentional demand in two ways. 
First, we required subjects to perform two versions of the 
dichotic listening task, once while shadowing (i.e., high 
attentional demand) and once while not shadowing (i.e., 
low attentional demand). Second, we manipulated the 
 signal-to-noise ratio (SNR) between the two messages 
that were presented, such that the more relevant message 
was either quieter than, the same volume as, or louder than 
the message with the name (i.e., more attentionally de-
manding to less attentionally demanding, respectively). 
If WMC is related to the ability to control attention, then 
a relationship should be observed between WMC and 
performance on the divided attention task, such that as 
WMC increases, performance on the attention task should 
increase. However, similar to the results obtained in the 
aforementioned selective attention experiments, this dif-
ference should only be observed in situations where the 
task is more attentionally demanding. Therefore, even 
though dividing attention while not shadowing does re-

quire attention, it has a low attentional demand and is not 
likely to require the control of attention to complete the 
task and it is predicted that WMC will not impact the out-
come, whereas dividing attention while shadowing has 
a high attentional demand and is expected to require a 
greater control of attention to complete the task and it is 
predicted that WMC will have a significant effect on the 
outcome.

METHOD

Participants
The sample comprised 118 (71 male, 47 female) undergraduate 

students from the University of Illinois at Chicago subject pool who 
received course credit for participating. The participants were na-
tive English speakers, with normal hearing, and monosyllabic first 
names. All participants were screened for WMC prior to performing 
the dichotic listening task.

Working Memory Screening
The procedures used to measure WMC were adapted from ver-

sions of the operation span task and reading span task used by Kane, 
Hambrick, Tuholski, Wilhelm, Payne, and Engle (2004). We fol-
lowed the administration and scoring guidelines recommended by 
Conway et al. (2005). To be consistent with the Conway et al. termi-
nology, each task consists of “items” that vary in difficulty, which 
is manipulated by varying the number of “elements” per item. This 
terminology is consistent with psychometric lingo where a test (or 
task) consists of items that vary in difficulty. Each task, operation 
span and reading span, consisted of 12 items. The number of ele-
ments per item varied from 2 to 5, with three items at each level of 
difficulty.

In the operation span task, each element consisted of a mathemati-
cal operation and a word (e.g., IS [7 3]  4  21 ?  SNOW). The 
participant’s task was to read the math problem aloud, say “yes” 
or “no” to indicate whether the given answer was correct or incor-
rect and then say the word. After all the elements in an item were 
presented the participant was required to write the words in correct 
serial order. The difficulty of the items was randomized such that the 
number of elements was unpredictable at the outset of an item.

In the reading span task, each element consisted of a sentence, fol-
lowed by a letter (e.g., Andy was stopped by the policeman because 
he crossed the yellow heaven. ? R). The participant’s task was to say 
the sentence aloud, respond “yes” or “no” to indicate whether the 
sentence made sense and then say the letter. As with operation span, 
after all the elements in an item were presented the participant was 
required to write the letters in correct serial order and the difficulty 
of the items was randomized such that the number of elements was 
unpredictable at the outset of an item.

Proportion scores were computed for each item by dividing the 
number of correctly recalled stimuli by the total number of stimuli in 
that item (e.g., if the participant correctly recalled two of four words, 
then the score for that item would be .5). The total proportion score 
was simply the average of the item proportion scores multiplied by 
100 to yield a scale of 0–100. Finally, an overall proportion score 
for WMC was computed by averaging the total proportion scores for 
operation span and reading span.

Divided Attention Procedure
Each participant performed two tasks: divided attention-shadow 

and divided attention-no shadow. The order of the tasks was coun-
terbalanced. Participants completed the tasks at one of three SNRs: 

8, 0, and 8 (i.e., the more relevant message was presented ei-
ther 8, 0, or 8 decibels compared to the less relevant message). 
Participants completed the two tasks at only 1 SNR and SNR was 
randomly assigned. In the divided attention-shadow condition, par-
ticipants were instructed to listen to the more relevant message (pre-
sented to the right ear) and to repeat (shadow) each word as soon 
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as it was heard, making as few errors as possible. Participants were 
told that their name would be presented in the unshadowed message 
and upon hearing their name they should press the space bar on the 
computer keyboard. Participants were asked to continue shadowing 
until all sound on the more relevant message had stopped. While par-
ticipants were shadowing, the experimenter was seated at a separate 
table in the room and recorded shadowing errors. Prior to the divided 
 attention-no shadow condition participants were told that their name 
would be presented somewhere within the two messages they would 
listen to, and upon hearing their name, they should press the space 
bar. The name was always presented to the left ear. Unlike selective 
attention dichotic listening experiments, participants were not asked 
at the end of the experiment whether they heard their name. This was 
not necessary as pressing the space bar allowed for assessment of the 
participants hearing their name.

Divided Attention Stimuli
The auditory stimuli were digitized onto a computer at a sampling 

rate of 22 kHz and dynamic range of 16 bits. There were three sets 
of auditory stimuli, each of which comprised a more relevant and 
a less relevant message. They were presented through stereo head-
phones, with each set being presented at one of three SNRs. The 
stimulus lists for the divided attention-no shadow task were the same 
as in the shadowed task; however, participants were presented with 
a list that they had not shadowed, thus each separate list appeared 
unique to the participant. The more relevant message consisted of 
180 unrelated monosyllabic words (i.e., did not form a coherent text) 
recorded in a monotone female voice at a rate of 60 words per min 
and lasted 3 min. The less relevant message contained 150 unrelated 
monosyllabic words recorded in a monotone male voice at a rate of 
60 words per min and lasted 2.5 min. The onset of the more relevant 
message began 30 words prior to the presentation of the less relevant 
stimuli, allowing participants to become acquainted with the more 
relevant message without distraction. The onsets of the words in the 
two channels were synchronized. The order of the words in each 
SNR group ( 8, 0, 8) was identical across participants except for 
the names. Participants’ first names were randomly inserted into the 
less relevant message in place of a word, either early, at 1 min 30 sec, 
or late, at 2 min 30 sec.

RESULTS

Descriptive Statistics
Descriptive statistics for all measures are reported in 

Table 1. The distribution of scores for the span tasks are 
similar to those obtained in others labs (see Conway et al., 
2005; Kane et al., 2004). As expected, the percentage of 
participants who reported hearing their name was greater 
in the no-shadowing condition (M  85.6%) than in the 
shadowing condition (M  50%) [McNemar test (1, N  
118)  31.5, p  .05]. Not surprisingly, these percentages 

are higher than the 33% that is typically observed in selec-
tive attention versions of this task (Conway et al., 2001; 
Moray, 1959; Wood & Cowan, 1995).

Name Detection
Two separate (shadow, no shadow) hierarchical binary 

logistic regression analyses were conducted to assess the 
role that WMC and SNR play on the likelihood of a partic-
ipant hearing their name. For all analyses, WMC and SNR 
were entered in the first step of the regression analysis and 
the WMC SNR interaction was entered in the second 
step. WMC was centered. SNR was treated as a continuous 
variable, coded in order of decreasing attentional demand 
(i.e., 8, 0, and 8, coded as 0, 1, and 2, respectively).

The results of the shadow analysis indicated that there 
was a significant main effect due to WMC (Wald  3.85, 
p  .05; OR  1.03). Therefore, for each 1 unit increase 
in WMC, participants were 3% more likely to hear their 
name. More concretely, a one standard deviation increase 
in WMC (12 points) means that a participant was 36% 
more likely to detect their name. Both SNR and the in-
teraction were not significant (Walds  .15 and .24, 
respectively).

The same results are presented by WMC category (see 
Figure 1), to better compare the present results with those 
in the parallel selective attention version of this task re-
ported by Conway et al. (2001). Conway et al. compared 
only two categories of subjects: high span and low span. 
High spans had WMC scores that fell in the upper quartile 
of a large distribution of WMC scores (M  24.85; range 
of 17–44) and low spans had WMC scores that fell in the 
lower quartile (M  8.22; range of 6–12). In the present 
project we collected dichotic listening data from the en-
tire range of WMC; therefore, to compare our results with 
those from Conway et al., we constructed two WMC cat-
egories: high WMC (upper quartile) (M  82.16; range 
of 75–91.04) and low WMC (lower quartile) (M  50.81; 
range of 31.53–57.99).1 With these boundaries, 66.7% of 
high WMC participants and 34.5% of low WMC partici-
pants heard their name. This pattern of results is particu-
larly striking when compared to the results of Conway 
et al. (2001), who observed the opposite pattern in a selec-
tive attention task; 65% of the low WMC participants re-
ported hearing their name and only 20% of the high WMC 
participants reported hearing their name.

The results of the no shadow analysis indicated that 
neither WMC, SNR, nor the interaction were significant 
(Walds  .10, 1.70, and .30, respectively). The results 
broken down by WMC category are presented in Figure 1. 
As predicted, WMC did not have an effect on hearing the 
name in the no shadow task.

Shadowing Errors
A hierarchical linear regression was conducted to ex-

amine the relationship between WMC, SNR, and shadow-
ing errors. The results of the initial model accounted for 
a significant proportion of variance [adjusted R2  .08; 
F(2,115)  6.35, p  .05]. SNR was a significant predic-
tor of the number of shadowing errors (   .24, t  

2.64, p  .05), whereas WMC was only marginally sig-

Table 1 
Descriptive Statistics of WMC, Shadowing Errors, 

and Name Detection

 Measure  M  SD  N  

WMC 66.14 12.23 118

Shadowing Errors
SNR 8 54.36 28.57 39
SNR 0 50.15 27.82 40
SNR 8 35.97 26.66 39
Total 46.86 28.56 118

Name Detection
Shadow 50.00 50.21 118

  No shadow 85.60 35.27 118

Note—WMC, working memory capacity; SNR, signal-to-noise ratio.
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nificant (   .18, t  1.97, p  .051). There was not 
a significant change in the amount of variance predicted 
with the addition of interaction term (R2 change  .00, 
F change  .33, p  .05). These results suggest that par-
ticipants with greater WMC made fewer errors than par-
ticipants with lesser WMC. Therefore, it is unlikely that 
the larger proportion of participants with greater WMC 
hearing their name is due to higher WMC participants ne-
glecting the shadowing task.

DISCUSSION

The results of this experiment provide additional yet 
unique support for the controlled attention theory of WM. 
Previously, the relationship between WMC and the abil-
ity to control attention was only supported by research on 
selective attention. Here we demonstrate that individuals 
with greater WMC are also better able to divide atten-
tion than are individuals with lesser WMC. Not surpris-
ingly, when the divided attention task was less demanding 
(i.e., no shadowing), there was not a significant effect of 
WMC on task performance; however, when the task was 
demanding (i.e., shadowing), there was a significant ef-
fect of WMC, such that as WMC increased, so did perfor-
mance on the attention task, as indexed by likelihood of 
name detection and shadowing errors. Unfortunately, the 
SNR manipulation did not impact the likelihood of name 
detection. As a result, it is not surprising that SNR did not 
interact with WMC to predict name detection.

The results of the no-shadowing divided attention task 
likely represent a ceiling effect, which makes it difficult 
to determine the role of WMC. However, the prediction of 

this effect was theoretically motivated. As discussed ear-
lier, WMC is not related to performance in all situations 
that require attention, but seems to be selectively related to 
performance in attention tasks that place greater demands 
on executive attention. While the ceiling effect in the no 
shadowing condition does temper our conclusion about 
the attentional demand manipulations, it is reassuring to 
observe that low span participants were able to detect their 
names in this condition because it rules out the uninterest-
ing interpretation that low span participants are simply 
unable to follow directions.

Comparing the results of the present study to the results 
obtained by Conway et al. (2001) presents a bit of a para-
dox, particularly when considering the performance of 
low span participants.2 Conway et al. found that in the se-
lective attention dichotic listening task 65% of low spans 
and only 20% of high spans reported hearing their name. 
The results of the present experiment revealed an opposite 
pattern, such that in the divided attention, shadowing task, 
66.7% of high spans and 34.5% of low spans heard their 
name. The interpretation of the high span data is straight-
forward, i.e., these participants are better able to adjust 
the focus of attention according to task goals. They focus 
attention in the selective attention task, thus hearing their 
name less often, and they split their attention in the di-
vided attention task, thus hearing their name more often.

But what does one make of the performance of low span 
participants? They were actually less likely to hear their 
name when they were told to listen for it than when they 
had no idea that it was coming! How do we reconcile these 
results? A critical difference between Conway et al.’s se-
lective attention task and the present divided attention task 

Figure 1. The percentage of high WMC and low WMC participants 
that heard their name. Error bars represent standard errors.
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is the way in which one’s name was detected. In the selec-
tive attention paradigm subjects were asked, after shad-
owing, if they thought they heard their name in the ignored 
message. In the divided attention task, participants were 
required to press the space bar immediately after detecting 
their name. Thus, in the selective attention task low spans 
are more susceptible to attentional capture by a salient 
distractor and in the divided attention task they are less 
able to coordinate the demands of shadowing, listening for 
their name, and signaling name detection.

These results are consistent with Cowan’s (2005) 
 adjustable-attention theory of individual differences in 
WMC and fluid intelligence. Cowan argues that greater 
WMC, as well as greater fluid intelligence, is associated 
with the ability to adjust attention according to task goals. 
Individuals with greater WMC and greater fluid intelli-
gence are better able to configure attention to meet task 
goals. Previous research on selective attention supports 
the notion that individuals with greater WMC are better 
able to focus attention and avoid distraction and the pres-
ent results support the notion that individuals with greater 
WMC are better able to “zoom out” and divide attention. 
There is also evidence to support the notion that individu-
als with greater WMC are better able to configure visual 
attention, discontiguously rather than contiguously, de-
pending on which configuration optimizes task perfor-
mance (Bleckley, Durso, Crutchfield, Engle, & Khanna, 
2003). However, what remains a question for future re-
search is whether greater WMC is also related to the abil-
ity to dynamically adapt attention to meet task demands, 
rather than simply the ability to set the focus of attention 
according to given task goals. In other words, might high 
spans be able to dynamically adapt their focus of attention 
as task demands change or might they be more resistant 
to change their focus once it is set? This question awaits 
future research.
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NOTES

1. The method of scoring WMC measures used by Conway et al. 
(2001) was different from that in the present experiment. Rescoring the 
WMC measures from the current experiment using the scoring proce-
dure of Conway et al. yielded similar means and ranges for both the high 
(M  21.93; range of 16–30) and low spans (M  8.05; range of 1–13).

2. The dichotic listening procedure of the present experiment was based 
on that used by Conway et al. (2001). In both experiments, the gender, 
the nature and the rate of presentation of the messages were the same. 
However, there were differences between the two studies, but the authors 
feel that they do not detract from interpretation of the results. There were 
three differences between Conway et al. and the present study: (1) the 
length of the messages (5.5 vs. 3 min, respectively); (2) the time of the 
presentation of the name (at 4 or 5 min vs. 1.5 or 2.5 min, respectively); 
and (3) SNR (0 SNR vs. 8, 0, and 8 SNR, respectively).

(Manuscript received April 27, 2006; 
revision accepted for publication November 7, 2006.)
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