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Abstract: Continuity of spatial location was recently shown to improve the
ability to identify and recall a sequence of target digits presented in a mixture
of confusable maskers [Best et al. (2008). Proc. Natl. Acad. Sci. U.S.A. 105,
13174-13178]. Three follow-up experiments were conducted to explore the
basis of this improvement. The results suggest that the benefits of spatial con-
tinuity cannot be attributed to (a) the ability to plan where to direct attention
in advance; (b) freedom from having to redirect attention across large dis-
tances; or (c) the challenge of filtering out signals that are confusable with the
target.
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the target locations were predictable in the fixed condition and unpredictable in the switching
condition. Thus, the benefit from digit to digit may be associated with spatial predictability. To
test this idea, we examined performance for the switching condition when the target spatial
trajectory was fixed over a whole block and listeners were cued with a visual sequence to famil-
iarize them with the trajectory prior to the block. Second, we wondered whether the cost of
switching spatial attention would still occur if the spatial trajectories were smoother and con-
tained no large jumps in location (more like motion of a sound source in the real world). To test
this idea, we examined performance for a switching condition in which the target always moved
to an adjacent location in the array, and in which the direction of motion either did not change
over the course of a trial or changed only once within a trial. Finally, we tested whether the
importance of having the target come from a fixed location would remain if the interferers were
not potential targets, so that selection of the target from the mixture did not necessarily require
spatially directed attention.

2. Methods
2.1 Participants

Five listeners with normal hearing participated in the previous study (Best et al., 2008). Six
listeners were recruited for Experiment 1 (including one listener from the previous study), five
for Experiment 2 (including one listener from the previous study), and four for Experiment 3
(including three listeners from the previous study).

2.2 Environment

The environment was identical to that used in the previous experiment (Best et al., 2008). Spe-
cifically, listeners were seated in the center of a darkened single-walled IAC booth with interior
dimensions of 12 ft, 4 in.






Figure 3 shows performance in the different experiments broken down by digit posi-
tion within the sequence for the most rapid presentation rate (the 0-ms delay, which was com-
mon to all experiments and which lead to the greatest cost of switching attention of all of the
tested delays). Again, the data for Experiment O [Fig. 3(a)] are replotted from Best et al. (2008).
In that experiment, for 0-ms delay, performance in F tended to improve for each subsequent
digit in the sequence. This improvement over time was not evident in SS, where performance
was relatively constant as a function of temporal position. Note that SL is not shown because it
could not be tested for the 0-ms delay.

4. Experiment 1: Cued trajectory
4.1 Conditions

In Experiment 1, a new switching condition was introduced in which the spatial trajectory of the
target sequence was fixed across a block of trials, and listeners were familiarized with the tra-
jectory prior to the start of the block. Specifically, each 40-trial block of this “switching, cued-
pattern” (SC) condition was broken down into 4 sub-blocks of 10 trials, such that one pattern
was tested in each of the sub-blocks (i.e., four different patterns were tested in one full block).
The fixed pattern tested in a given sub-block was chosen randomly without replacement, sepa-
rately for each listener, from 16 randomly determined patterns. The pattern was presented visu-
ally via the LEDs to the listener a minimum of three times at the start of the sub-block (listeners
were then allowed to repeat the cue as 19.9i(ed)-246.h(times)-192.3(as)-192.desirnte60(,as)-192.ratel






tion) and changing direction as little as possible. This was achieved by selecting a random
position for the first target digit and an initial direction (left or right). The second digit then
came from the next loudspeaker over in the selected direction, and so on. If there was no loud-
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The results of Experiment 3 suggest that the benefit of spatial continuity is not re-
stricted to the difficult and somewhat unrealistic case in which the interfering sounds are all
potential targets. This finding is intriguing in light of the analysis by Best et al. (2008) that
showed that the majority of errors in that study corresponded to the report of spatially-adjacent
masker digits and that the improvement in performance over time in the F condition was accom-
panied by a reduction in these confusions. It appears that the task of ignoring speech-like dis-
tracters was difficult enough that spatial continuity was still critical, even though listeners might
have been able to perform the task by simply listening for intelligible target words without
deploying spatial attention. Because the target digits were 10 dB less intense than in the original
study, it may be that the difficulty came more from limited audibility than from the problem of
selecting the correct utterance (Brungart, 2001; Kidd et al., 2008). Importantly, even if poor
audibility was the factor limiting performance in Experiment 3 and even if listeners adopted a
strategy that depended less on directing spatial attention than in Experiments 0-2, spatial con-
tinuity improved performance from digit to digit in a manner much like it improved spatial
selection in the other experiments.

7. Conclusions

Improvements in selectivity of spatial attention that arise for a target at a fixed spatial location
cannot be attributed exclusively to (a) the ability to plan where to direct attention in advance; (b)
freedom from having to redirect attention across large separations in location; or (c) the chal-
lenge of filtering out nearby signals that are confusable with the target. Instead, the ability to
selectively attend to an acoustic target sequence improves when the syllables making up the
stream arise from a single fixed spatial location. Future work is needed to determine whether
similar improvements in selective attention arise when non-spatial features are continuous, or
whether this effect is specific to spatially directed attention.
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