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fects�. The broadband energy ratio between targetV and
targetF will be denoted by TVTFR. In this study, TVTFR
ranged from −40 dB to 0 dB.

There were four possible spatial configurations, two in
which the two talkers were co-located �at either 0 or 90°� and
two in which the talkers were spatially separated �targetV at
0° and targetF at 90°, or targetV at 90° and targetF at 0°�. In
each run, the spatial configuration of the two talkers was
fixed �i.e., the talkers were played from the same location
throughout the run�.

Stimuli were digital-to-analog converted, amplified us-



1993�. Therefore, to the extent that the less-intense target
determines performance, divided performance should im-
prove with spatial separation.

If attention can be focused on only one location at a
time, increasing spatial separation between the two concur-
rent messages may also increase the number of drop errors
for the recalled message �e.g., responding �CVNVCXNX� if
targetV was attended, or �CFNFCXNX� if targetF was attended,
where Cx and Nx denote a color and number not present in
either utterance; see Best et al., 2005�. Note that while in
selective listening a failure to hear the single target can cause
listeners to erroneously report the content of the masker mes-
sage, in the current divided task, listeners will end up guess-
ing the content of the source they tried to attend while still
reporting the message of the other target that they heard.
Here, in the majority of trials, targetF is relatively intense and
salient, whereas targetV is usually much harder to hear than
targetF. If listeners therefore attend to targetV at its location,
spatial separation may increase the number of drop errors for
targetF.









of the keywords of the other target� were the dominant kind
of response error. In all spatial configurations, the relative
likelihood of targetV drop errors decreased with increasing
TVTFRbe-V, while targetF drop errors increased. TargetV drop
errors were less common when the targets were spatially
separated than when they were co-located �F�1,3�=92.549,
p=0.002�. In contrast, the percentage of targetF drop errors
did not vary significantly with the spatial configuration of the
talkers �F�1,3�=2.131, p=0.24�. Combination errors, which
occur when listeners succeed in segregating one of the tar-
gets out of the acoustic mixture but fail to properly stream it
across time, tended to increase with increasing TVTFRbe-V.
However, while the relative number of targetF combination
errors increased monotonically with increasing TVTFRbe-V

�F�4,12�=4.871, p=0.014�, the percentage of targetV com-
bination errors increased between −40 and −20 dB
TVTFRbe-V, and then either decreased or remained constant
as the two targets became more similar in level �no signifi-
cant effect of TVTFRbe-V, F�4,12�=7.921, p=0.341�. Al-
though this is not a strong trend, it was consistent across all
spatial configurations. This result hints that level cues influ-
ence the segregation and streaming of targetV more than
targetF. Other errors are very uncommon and do not depend
consistently on TVTFRbe-V or spatial configuration.

IV. DISCUSSION

A previous divided-listening study found that spatial
separation between concurrent messages improves perfor-
mance slightly, but that the dominant benefit of spatial sepa-



part based on its fixed call sign �which was the only cue
distinguishing targetV from targetF when sources were co-
located and at the same level�.

Current results show that as in selective listening, spa-
tially separating the two targets improved the intelligibility
of the actively attended message �targetV�, presumably
through some combination of acoustic improvements at the
better ear for targetV, binaural processing benefits that im-
proved the audibility of targetV �e.g., see Zurek, 1993� and
spatial attention benefits that allowed listeners to selectively
attend to targetV by directing attention to its location. In this
task, where the ability to report targetV determined overall
performance, a strategy of actively attending to targetV may
have been near optimal, at least if listeners could not actively
attend to both messages simultaneously. After the better-ear
advantage for targetV was taken into account, the dominant
remaining spatial effect �ignoring report order; see Appen-
dix� was that targetV drop errors were less common for spa-
tially separated than for co-located sources.

In contrast, with the exception of performance at 0 dB
TVTFRbe-V, mix responses and combination errors did not
vary with spatial separation for either targetV or targetF.
When both talkers were relatively easy to hear, spatial sepa-
ration did not influence the ability to segregate the competing
messages, except when spatial cues were the sole reliable
feature for differentiating the two talkers. Informal listening
suggested that for −20 dB TVTFR and greater, two distinct
sources could be heard. However, we did not measure
whether listeners heard the two target messages from two
distinct locations. Therefore it is difficult to assess the extent
to which listeners used spatial attention to perform the cur-
rent task.

In order to perform this task, listeners needed to prop-
erly identify the two messages; it was not necessary to link
each keyword to the proper source in order to have a trial
scored as correct. However, percent correct performance in
this divided listening task was nearly as good as performance
in the companion selective listening task in which listeners
were asked to report only one of the two messages �Ihlefeld
and Shinn-Cunningham, 2008�. This suggests that listeners
were indeed able to link the keywords to distinct sources, but
further studies are needed to gain a better understanding of
how the ability to identify keywords and the ability to cor-
rectly pair a message with its source influence divided listen-
ing.

The relatively high incidence of drop errors at high
TVTFRbe-V suggests that the ability to track two simultaneous
talkers was limited. However, overall performance in the di-
vided task was surprisingly high compared to performance in
many previous studies. Many researchers �Cherry, 1953;
Broadbent, 1954; Moray, 1959; Treisman and Geffen, 1967;
for a review see Stifelman, 1994� suggest that listeners are
limited in their ability to report two or more simultaneous
messages. For instance, although listeners can recall basic
properties of a channel that is not actively attended �such as
the sex of the talker�, most of the target words from that
channel cannot be reported correctly �e.g., Cherry, 1953; Tre-
isman and Geffen, 1967�. However, these previous studies

investigated identification tasks with a relatively high pro-
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cessing load, such as asking listeners to shadow sustained
messages �i.e., “Repeat what you hear in the right ear”�. In a
study that examined a detection task with a lighter process-
ing load �using tones instead of word targets�, listeners could
detect targets equally well in attended and rejected channels
�Lawson, 1966�. The processing and memory load required
for the highly predictable, relatively short CRM messages
used in the current task may have been low enough that
listeners could process and/or temporarily store the contents
of both of the two simultaneous utterances.

At 0 dB TVTFRbe-V, subjects performed better for the
keywords from targetV than for the keywords from targetF,
even though both talkers were equally intense and should
have been equally intelligible. This suggests that listeners
assigned higher processing priority to targetV. At least one
previous study shows that the order of responses in a divided
attention task reflects the priority that listeners give each tar-
get �Bonnel and Hafter, 1998�. Examination of response or-
der in Appendix A shows that on those trials where subjects
reported all four keywords correctly, as TVTFRbe-V increased
subjects were increasingly likely to report keywords from
targetV first. In contrast, the percentage of responses in which
listeners reported one target keyword from the variable-level
talker and guessed at least one other word did not change
systematically with TVTFRbe-V. In other words, response or-
der did not just depend on TVTFRbe-V, but depended on
whether listeners got all keywords correct, i.e., how well
they extracted each of the two messages on a particular trial.
In addition, when talkers were spatially separated, the report
order was biased towards reporting the message from in front
of the listener before the message from the side.

Overall, these results support the idea that response or-
der depended on the relative certainty that the listener had
about the two messages, with the listeners first reporting the
message about which they were most sure. The relative cer-
tainty of the messages appears to depend on both the relative
saliency of the two targets as well as the amount of attention
that the listener devoted to a target. In turn, the inherent
salience of the messages depended on �1� the audibility of
the messages, �2� the relative intensities of the messages, and
�3� the spatial locations of the messages �where messages
from in front were inherently more salient�. In summary, the
results support the idea that subjects gave higher priority
�and selectively attended� to targetV. However, when listen-
ers tried but failed to understand targetV, they resorted to
reporting targetF first, and then reporting their best-guess re-
sponse for targetV.

Together, these results suggest that listeners used two
different processing strategies in monitoring the two concur-
rent targets. Spatial separation improved the ability to under-
stand keywords from targetV, presumably because listeners
actively tried to attend to targetV and were more successful
in performing this selective attention task when targetV came
from a different location than targetF. In contrast, perfor-
mance for targetF showed little effect of spatial separation,
consistent with the idea that targetF was recalled from a tem-
porary storage that was at best weakly affected by the spatial

configuration of the sources or by spatially directed attention.
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V. CONCLUSIONS

In this divided listening task with two concurrent target
messages, performance improved as the ratio of the broad-
band energy of a less-intense talker to the energy of a simul-
taneous fixed-level talker increased. Overall, listeners were
relatively good at reporting the fixed-level talker, which was
generally easy to hear.

Results are consistent with listeners actively attending to





that they were most sure of first. The effect of the absolute
locations of the talkers on report order suggests that a mes-
sage from in front of the listener was more salient �and that
listeners were therefore more sure of its content� than a mes-
sage from the side of the listener. Note that this was the only
aspect of performance for which the absolute locations of the
talkers mattered �after accounting for the acoustic effects of
the better ear for targetV�; all other effects of spatial configu-
ration depended only on whether the talkers were spatially
separated or co-located.

We conclude that at least three factors affected the rela-
tive certainty listeners had about the content of the compet-
ing messages: listeners were actively trying to attend to
targetV, which enhanced the neural representation of target�
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