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tion (Darwin 1995



1,500 Hz (gray rectangles and open rectangles,
respectively, in the left and middle panels of
Fig. 1A). The SRC consisted of harmonics of frequen-



perceptually to that stream. When the target was
heard as part of the stream containing the RRP, the
stream’



temporal content of the RRP; in the other, they
matched the perceived spectrotemporal content of
the SRC. The order of sessions was counterbalanced
across subjects.

Each session began by training the subjects to
ensure that they were able to match the appropriate
unambiguous, single-object stimuli (either the RRP or
the SRC). After training with the appropriate type of
single-object stimuli, listeners performed the main
matching experiment for the attended object.

Training consisted of two phases in which subjects
matched the perceived spectrotemporal content of
single-object stimuli: familiarization and testing. In
both phases of training, test stimuli consisted of either
the RRP or the SRC and a target whose level varied
from trial to trial (taking on one of six levels, from −∞
to +4 dB; see middle and right panels of Fig. 1A and
B). These test stimuli alternated with matching stimuli
that had similar spectrotemporal content and an
adjustable-level target. Thus, it was possible for
listeners to objectively match the content of an
unambiguous test stimulus by appropriately manipu-
lating the target level in the matching stimulus.

During the initial, familiarization phase of training,



Subjects were generally consistent in matching the
content of the RRP (Fig. 2A). However, when the test
stimulus target intensity was −4 dB, subjects tended to
set the target intensity of the matching stimulus too
low (one-sample t test, pG0.005 with Bonferroni post
hoc correction applied). For the target-absent RRP
prototype, subjects set the target intensity of the
matching stimulus at about −55 dB (recall that the
maximum possible attenuation was 60 dB). In gener-
al, the target intensity that subjects set in the matching
stimulus increased monotonically as the target inten-
sity in the test stimulus increased.

For all six single-object SRC stimuli (Fig. 2B), the
matching stimulus target intensity was not statistically
different from the test stimulus target intensity (none
of the post hoc adjusted t tests reached significance at
p=0.05). For the target-absent SRC, subjects set the
target intensity of the matching stimulus to about
−48 dB. In general, the group mean of the matching
stimulus target was within one standard error of the
test stimulus target intensity.

Two-object matches

Figure 3A summarizes the results for the two-object
stimulus matches. Each two-object stimulus was pre-
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sented in both a “match the RRP” and in a “match the
SRC” session. Figure 3A plots the across-subject
average of the target intensity that subjects matched



tent of the matching stimuli and test stimuli were very
close (see Fig. 2), even though the overall level of the
stimuli varied randomly over a 20-dB range from trial
to trial. In fact, subjects were, if anything, more
accurate in matching the spectrotemporal content of
the SRC (corresponding to the vowel that proved
difficult to reliably label in our previous studies) than
in matching the content of the RRP (data in Fig. 2B
are closer to the diagonal than data in Fig. 2A). Thus,
the redesigned stimuli achieved our goal of increasing
the salience of the target’s contribution to the
simultaneous harmonic complex.

Effectiveness of the matching paradigm

A second goal of the current study was to develop a
paradigm that would allow us to directly assess the
effective level that the target contributed to each of the
competing objects in the two-object stimuli, instead of
relying on a categorization task and using a mapping
procedure to map response percentages into effective
target levels (Lee and Shinn-Cunningham 2008a, b;
Shinn-Cunningham et al. 2007).

Listeners had no trouble using the matching
procedure when asked to match the perceived
spectrotemporal content of either auditory object in
the two-object mixture. Not only did listeners find the
task simple to understand and easy to perform, results
were generally consistent across trials. For the nine
listeners who passed our screening, the SEMs of their
matches were on the order of 3 dB in the RRP task
and on the order of 1.5 dB in the SRC task. This
result, combined with the fact that listeners had
comparable response variability when matching sin-
gle-object control stimuli, shows that the matching
paradigm yields repeatable, reliable measures.

Subjects generally did not set the target intensity to
match the stimulus with the maximum target attenu-
ation level (i.e., −60 dB). Subjects set the target
intensity of the matching stimulus at about −55 dB
for the target-absent RRP prototype and at about
−48 dB for the target-absent SRC prototype. This
undershoot may reflect a reluctance on the part of
the subjects to use the most extreme values of
attenuation. Moreover, when the target is attenuated
by more than 30 dB, it may be nearly masked
(especially when presented with the simultaneous
SRC), producing little discernible effect on the
perceived spectrotemporal content of the total stimu-
lus, reflecting a limit on the maximal attenuation that
is perceptually meaningful.

We conclude that other than an effective floor that
limits the maximal attenuation that listeners used, the
matching procedure is a reliable and effective method
for measuring the perceived content of objects in a
sound mixture.





Spatial cues influence how strongly an ambiguous
sound element (the target) contributes both to a
sequential stream of similar elements and to a simulta-
neous complex of harmonically related elements. How-
ever, spatial cues generally have a stronger effect on the
perceived content of an object that groups sequentially
across time (here, the RRP) compared to an object that
occurs simultaneously with the target (here, the SRC).

Unlike in similar past studies, in the current study,
the target contributes more to one object when it
contributes less to the competing object. Differences
in the tasks used (e.g., categorization versus matching,
etc.) may contribute to the observed differences in
the degree to which perceptual trading is observed.
However, we believe that these differences are most
simply explained by the fact that, in the current study,
the perceptual contribution of the target to the
simultaneous object was generally larger than in past
studies. Specifically, in this study, we used a target
composed of multiple tones, which should increase
the relative importance of simultaneous grouping
cues compared to similar past studies that used a
target comprised of a single pure tone (Darwin 1995;
Darwin et al. 1995; Lee and Shinn-Cunningham
2008a, b; Shinn-Cunningham et al. 2007). Thus,
compared to in previous studies, the target may simply
contribute more strongly to the simultaneous har-
monic complex and less strongly to the sequential
stream. The end result is that the total contribution of
the target to the two objects in the sound mixture is
larger than in our past studies, and is essentially equal
to the physical target intensity in the mixture for all
spatial configurations tested. Further tests are neces-
sary to test these alternative explanations.
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