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Detection was measured for a 500 Hz tone masked by noise �an “energetic” masker� or sets of ten
randomly drawn tones �an “informational” masker�. Presenting the maskers diotically and the target
tone with a variety of interaural differences �interaural amplitude ratios and/or interaural time
delays� resulted in reduced detection thresholds relative to when the target was presented diotically
�“binaural release from masking”�. Thresholds observed when time and amplitude differences
applied to the target were “reinforcing” �favored the same ear, resulting in a lateralized position for
the target� were not significantly different from thresholds obtained when differences were
“opposing” �favored opposite ears, resulting in a centered position for the target�. This irrelevance
of differences in the perceived location of the target is a classic result for energetic maskers but had
not previously been shown for informational maskers. However, this parallellism between the
patterns of binaural release for energetic and informational maskers was not accompanied by high
correlations between the patterns for individual listeners, supporting the idea that the mechanisms
for binaural release from energetic and informational masking are fundamentally different.
© 2008 Acoustical Society of America. �DOI: 10.1121/1.2924127�

PACS number�s�: 43.66.Ba, 43.66.Dc, 43.66.Nm �RLF� Pages: 439–449

/F5 1 Tf
19.93981998

s research were presented at the 2007 Midwinter Meeting ofo for Research in Otolaryngology.
I. INTRODUCTION

A. Informational and energetic masking

The term masking, as it is used in this study, refers to a
decrease in the detectability of a target in the presence of an
interferer. In “energetic” masking �EM�, the interference can
be associated with overlap of the target and the interferer
acoustic energy or neural activity at a given place of excita-
tion �i.e., the basilar membrane�. In “informational” masking
�IM�, the overlap of excitation between the target and the
masker at the auditory periphery is negligible, and the inter-
ference is assumed to take place more centrally in the audi-
tory pathway. Obviously, these are two extreme examples
and the reality is that the same masker can cause both EM
and IM. Because the experiments described here were de-
signed to examine the degree to which the same mechanisms
can explain binaural release from these two quite different
types of masking, artificial stimuli were constructed that
would allow the two types of masking to be examined
largely in isolation. It should be noted at the outset, however,
that the results reported here may not generalize to masking
in which the reduction in performance concerns the discrim-
inability, intelligibility, or identifiability of the target, and the
target is supra-threshold. In those cases, the tasks of the lis-
tener are different from the detection task described here. ForPortionthe Assb�Present address: National Center for Rehabilitative Auditory Research,
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this reason, the mechanisms underlying binaural release from
masking may be different as well. Nonetheless, in the inter-
est of starting with the most fundamental case and moving to
more complex situations in a systematic manner, this study is
concerned with detection in a two-interval forced-choice de-
tection task.

When the listener’s task is to detect the presence of a
tone of a given frequency, the amount of EM can be esti-
mated by the use of a model �such as estimating the energy
passed by filters with widths set to the critical bandwidths
specified by Moore and Glasberg, 1983�, but the degree of
IM is harder to determine. In the majority of cases, the pres-
ence of IM is indicated by a rise in threshold or a decrease in
performance across two situations for which the EM is the
same or even reduced. Durlach et al. �2003a� suggested that
the two main sources of IM appear to be the target-masker
similarity and stimulus uncertainty. One way of describing
these situations is that a target that should be clearly audible
is in some way confused with the masker or the masker
distracts the listener from the target, resulting in the percep-
tion of no target or the misapprehension that the masker is
the target. For this reason, the energetic model is insufficient
to predict performance in the IM conditions. Furthermore,
the amount of individual variability tends to be much greater
for IM. This aspect of IM has been modeled through the
addition of a filter width parameter and an internal noise
parameter, both of which vary across listeners �e.g., Lutfi,
1993; Oh and Lutfi 1998; Durlach et al., 20058 0 TD
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reported modeling results that relied upon negative fre-
quency weightings, which is incompatible with a filter-based
energetic model.

B. Binaural hearing

The goal of this study was to examine whether the dif-
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lationships between the amounts of release obtained by indi-
vidual listeners for the two masker types raise doubts about
whether they truly share a common mechanism that is based
on interaural differences rather than on perceived location.

II. METHODS

A. Listeners

Seven female listeners between the ages of 20 and 25
with audiometrically normal hearing were paid for their par-
ticipation. L4 had considerable prior experience with psy-
chophysical listening but very little with stimuli of this sort.
None of the others had experience listening in psychoacous-
tical experiments. All were graduate students at Boston Uni-
versity in hearing-related disciplines �primarily speech and
language pathology�.

B. Stimuli

The target to be detected was a 250 ms, 500 Hz tone
with 10 ms raised-cosine onsets and offsets. Noise maskers
were generated digitally by creating a frequency vector with
values spaced at 1 Hz intervals between 100 and 1000 Hz
and associating each frequency value with a randomly cho-
sen amplitude and phase value, drawn from rectangular dis-
tributions �thus resulting in random but not Gaussian noise�.
Signals were then converted to the time domain and normal-
ized so that, after attenuation, the overall rms level was
60 dB sound pressure level �SPL� �spectrum level of 31.5 dB
SPL�. Multitone maskers were generated digitally by choos-
ing from a linear distribution of ten frequencies that fell be-
tween 100 and 400 Hz and between 600 and 1000 Hz �leav-
ing a 200 Hz wide “protected region” between 400 and
600 Hz�. Each masker frequency was then associated with a
random phase value drawn from a rectangular distribution
and with an amplitude that was randomly varied within
�5 dB of an arbitrary starting amplitude, also from a rect-
angular distribution �in decibels�. Ten new multitone masker
frequencies were chosen randomly before each interval of
each trial, always maintaining the 200 Hz protected region.
Time-domain conversion and amplitude normalization as-
sured that, after attenuation, the overall rms level of the mul-
titone masker was 70 dB SPL. The maskers, like the targets,
were 250 ms in duration with 10 ms raised-cosine-onsets and
offsets. The difference in the rms levels of the noise and
multitone maskers was initially the result of a programming
error but fortuitously led to similar diotic target thresholds
for both maskers.

ILD values were introduced into the target by reducing
the level at the left or right ear by either 6 dB �“smaller
differences”� or 12 dB �“larger differences”�. ITD values
were introduced by shifting the wave form by either 300 �s,
which is equivalent to a phase delay of 54° �smaller differ-
ences� or 600 �s, which is equivalent to a phase delay of
108° �larger differences�. The target and masker envelopes
were applied after the phase shifts, ensuring that the onsets
and offsets were synchronized, regardless of interaural dif-



five interaural configurations arranged in a random order.
Each block consisted of either the noise or the multitone
masker and either larger or smaller interaural differences.
This resulted in average thresholds based on 40 reversals of
the adaptive tracks for each masker type for each of the
binaural conditions at each size of differences. Because the
diotic conditions for the larger and smaller differences were
identical, they were combined for analysis, allowing the base
line measures of EM and IM to be more accurately measured
�80 reversals rather than 40�.

E. Calculation of the binaural masking level
difference

Colburn and Durlach �1965� defined the BMLD as the
ratio of the diotic threshold to the maximum of the levels at
the two ears �at threshold� for a given “binaural” condition,
expressed in decibels. Thus, the calculation simply involves
subtracting the higher of the threshold target levels at the two
ears in a given binaural condition �for example, 39 dB� from
the threshold target level in the diotic condition �for example,
45 dB�. Thus, in this example, the BMLD is 6 dB. For con-
ditions where the BMLD is due entirely to the ITD, this is
not problematic. For the ILD conditions, however, this may
be a conservative estimate of the BMLD due to the fact that
the loudness of a tone presented monaurally is less than that
of the same tone presented binaurally �reviewed by Durlach
and Colburn, 1978�.

Consider the situation where a 12 dB ILD has been in-
troduced by reducing the target level at the right ear by
12 dB but keeping the target level at the left ear the same. If
the threshold at the ear with the higher level is unchanged,
then the BMLD is 0 dB according to this calculation. If, on
the other hand, the threshold is considered to be the level
from which one ear is raised by 6 dB and the other lowered
by 6 dB, then the BMLD is 6 dB. In addition, if the cue the
listener is using is in some way related to the loudness of the
target, then the calculation based on the maximum of the
levels at the two ears fails to take into account that the lis-
tener has now detected a softer target in the ILD condition
than in the diotic condition. Presumably, this ability reflects a
binaural processing advantage, but the BMLD calculation
shows none.

On the other hand, the BMLD is intended to reflect the
improvement obtained with two ears relative to performance
with a single ear, for which it makes sense to examine
changes in the level at the ear with the maximum target level.
Using the maximum value calculation both allows compari-
sons with the results of previous studies and ensures that
there is no overestimation of binaural release from masking
simply due to the method of calculating the differences. If
the listener in the 12 dB ILD condition made responses
based only on the signal at the left ear �which has the most
intense target�, then the results would be identical for all of
the various binaural conditions. A measure based on differ-
ences between the most intense target levels presented would
give the correct answer in that case, whereas a measure
based on any other level would lead to overestimates of the
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The BMLD values were also analyzed by performing
two correlational analyses. In each case, each pair of values
entered corresponded to the BMLDs for an individual lis-
tener in the same interaural condition. The first analysis cor-
related release from the noise masker with release from the
multitone masker and was performed separately for larger
and smaller interaural differences. The second analysis cor-
related release based on larger differences with release based
on smaller differences and was performed separately for the
noise and multitone maskers. The logic behind the first
analysis was that perhaps, the nonsignificant effects of
masker type were due to variability across listeners. The sec-
ond analysis was done to determine whether or not the cor-
relational analysis had sufficient power to show a significant
difference where one was thought to exist.

The correlation between the BMLDs for the noise and
multitone maskers for the smaller differences was nonsignifi-
cant �r=0.221� as was also the case for the larger differences
�r=0.223�. On the other hand, significant correlations �p
�0.01� were found between the BMLDs obtained with
larger and smaller differences for both the noise masker �r
=0.559� and for the multitone masker �r=0.767�. Adding
listener as a covariate had the effect of increasing the corre-
lations slightly, but the level of significance did not change.
These patterns of correlation show that while individual lis-
teners were likely to have similar patterns of BMLDs across
larger and smaller interaural differences for a given masker
type, the pattern for each individual was not necessarily
similar across masker types.

IV. DISCUSSION

These results cause difficulties for a purely position-
based account of binaural release from IM because there was
not even a trend toward greater BMLDs for reinforcing in-
teraural differences as compared with opposing differences.
The similarity between the patterns of masking release ob-
tained with noise maskers and with multitone maskers sug-







starts by estimating the amount of energy falling in the
critical-band filter centered on the target tone and then deter-
mining the changes in that filter width that would be neces-
sary to produce the thresholds obtained in the experiment for
the various listeners.

Using the same software that generated the experimental
stimuli, 100 maskers of each type were generated and filtered
with a range of filter widths. Figure 4 shows the effective
masker level calculated for a range of filter widths and for
both masker types. The mean energy through the critical
band centered on the 500 Hz target frequency, which Moore
and Glasberg �1983� estimated at 76.8 Hz, is marked by the
dashed line. In accordance with the fact that the noise band
included energy in the region between 400 and 600 Hz while
the multitone maskers did not, the average energy falling in
the critical band was greater for the noise �49 dB SPL� than



ening and narrowing account for the performance of the
HighIM listeners �L1, L5, L6, and L7� but not the LowIM
listeners. This is consistent with the correlational analysis
reported in Sec. IV, where it appears that the LowIM group
was using the same mechanism for both masker types, but
the HighIM group was not.

This analysis provides support for the hypothesis that at
least some listeners were widening and narrowing the band-
widths of their effective filters in response to the maskers
presented and the interaural differences imposed on the tar-
get. Given that Durlach et al. �2005� were able to capture
much of their data with a band-widening analysis and that
the CoRE model of Lutfi �1993� and Oh and Lutfi, �1998�
also contains the concept of an effective auditory filter of
variable bandwidth, such an approach is certainly worth con-
sidering.
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