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Determining the energetic and informational components
of speech-on-speech masking

Gerald Kidd, Jr.,? Christine R. Mason, Jayaganesh Swaminathan, Elin Roverud,
Kameron K. Clayton,” and Virginia Best

Department of Speech, Language and Hearing Sciences and Hearing Research Center, Boston University,
635 Commonwealth Avenue, Boston, Massachusetts 02215, USA

(Received 22 December 2015; revised 8 June 2016; accepted 9 June 2016; published online 11 July
2016)

Identification of target speech was studied under masked conditions consisting of two or four inde-
pendent speech maskers. In the reference conditions, the maskers were colocated with the target,
the masker talkers were the same sex as the target, and the masker speech was intelligible. The
comparison conditions, intended to provide release from masking, included different-sex target and
masker talkers, time-reversal of the masker speech, and spatial separation of the maskers from the
target. Significant release from masking was found for all comparison conditions. To determine
whether these reductions in masking could be attributed to differences in energetic masking, ideal
time-frequency segregation (ITFS) processing was applied so that the time-frequency units where
the masker energy dominated the target energy were removed. The remaining target-dominated
“glimpses” were reassembled as the stimulus. Speech reception thresholds measured using these
resynthesized ITFS-processed stimuli were the same for the reference and comparison conditions
supporting the conclusion that the amount of energetic masking across conditions was the same.
These results indicated that the large release from masking found under all comparison conditions
was due primarily to a reduction in informational masking. Furthermore, the large individual differ-
ences observed generally were correlated across the three masking release conditions. © 2016
Author(s). All article content, except where otherwise noted, is licensed under a Creative Commons

Attribution (CC BY) license (http://creativecommons.org/licenses/by/4.0/).

[http://dx.doi.org/10.1121/1.4954748]
[ICB]

I. INTRODUCTION

Determining the factors that govern the success of a lis-
tener attempting to understand the speech of one specific
talker in the presence of competing talkers has long been of
great interest to auditory and speech scientists (e.g., Miller,
1947; Cherry, 1953; Pollack and Pickett, 1958; Schubert and
Schultz, 1962; reviews in Webster, 1983; Yost, 1997; Ebata,
2003; Bronkhorst, 2000, 2015; Mattys et al., 2012; Carlile,
2014). Unfortunately, the literature addressing this topic
varies widely in many important respects and contradictory
findings and incongruous conclusions are commonplace. As
an example, there are large disparities in the literature con-
cerning the presence and degree of release from masking
that occurs when the masker speech is simply time reversed.
Historically, some influential studies reported negligible
improvements in performance when masker speech was tem-
porally reversed compared to when it was presented natu-
rally (i.e., “time forward”, e.g., Schubert and Schultz, 1962;
Dirks and Bower, 1969; Festen and Plomp, 1990; Hygge
et al., 1992; Summers and Mollis, 2004). The minor effect
of time reversal—which renders the speech from a given
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masker talker unintelligible without changing many of the
long-term average characteristics of the source—may be
considered similar to reports of only a small beneficial effect
of masker speech presented to the listener in a foreign lan-
guage compared to a primary language (e.g., Freyman et al.,
2001; Cooke et al., 2008; Calandruccio et al., 2010). The
apparent irrelevance of the intelligibility of speech maskers
led Miller (1947) to observe “A language was chosen [as the
masker] which the listeners did not know, but the masking
was neither greater nor less than was obtained with an
English babble [for English speaking listeners]. Once again,
it is necessary to conclude that the crucial factor is the mask-
ing spectrum. The particular way in which the spectrum is
produced is of secondary importance” (p. 120).

Miller’s work was influential, and it was many years
before this basic premise was challenged. However, more
recently, a number of studies have found quite substantial
reductions in masking due to masker time reversal. Freyman
et al. (2001), Marrone et al. (2008), lyer et al. (2010), Best
et al. (2012), Gallun et al. (2013), and Swaminathan et al.
(2015) have all reported large improvements in masked
speech reception thresholds (often greater than 10 dB) when
intelligible speech maskers were time reversed. Thus, it
clearly is the case that there are large discrepancies in the lit-
erature with respect to the effect of masker time reversal.

However, the lack of clarity about the role of masker
time reversal in speech-on-speech (SOS) masking is not
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unique when considering stimulus variables that provide a
masking release. To varying degrees, similar observations
may be made regarding the disparities found in the literature
concerning the consequences of such factors as spatial sepa-
ration of sources, maskers presented in a listener’s primary
vs secondary vs unknown language, and sex differences
between target and masker talkers, among others (e.g.,
Freyman et al., 2001, 2004; Brungart et al., 2001; Van
Engen and Bradlow, 2007; Iyer et al., 2010; Calandruccio
et al., 2013; Gallun et al., 2013; reviews in Schneider et al.,
2007; Mattys et al., 2012). In considering many of these
studies of masking and masking release, an underlying issue
is whether the observed masking release is due to a reduction
in energetic masking (EM) because the overlap of the stimuli
in the auditory periphery is reduced by imposing the
masking-release variable, or is due to a reduction in informa-
tional masking (IM; see review in Kidd et al., 2008a) result-
ing from improved source segregation/selection or to an
improvement in some other form of higher-level processing
(e.g., better representation in memory or enhanced linguistic
processing). Continuing with the example above about time-
reversed masker speech, there are many facets of the masker
speech that are altered by time reversal that could affect ei-
ther EM or IM (e.g., changes in the envelope, an alteration
in the normal statistical distribution of phoneme sequences,
physiologically implausible production, etc., e.g., Rhebergen
et al., 2005). Again, similar arguments may be made about
whether changes in EM or IM are responsible for the release
from masking observed for other masking release variables
such as spatial separation of sources or talker sex differen-
ces. The important point is that understanding the mecha-
nisms responsible for release from SOS masking depends on
determining how much EM is present in a given stimulus
condition so that the subsequent effects of IM may be
ascertained.

Although there are many differences in speech materi-
als and procedures that may contribute to the disparate
findings discussed above, it is possible nonetheless to iden-
tify two factors that appear to form the basis for many of
these discrepancies. First, as has been widely appreciated
and remarked upon dating even from the earliest work on
the topic, speech masks other speech in multiple ways
that involve different types and levels of processing by
the listener. These include (as per Miller’s quote above)
the acoustic overlap of target and masker sources (and, by
extension, overlap of the neural representations in the au-
ditory system), the difficulty of perceptually segregating
the sources and selectively attending to the target source
(based on features that define the separate sources, a pri-
ori information about the sources, etc.), and the linguistic/
semantic processing demands of the speech recognition
task (which may apply to both target and masker sources
to varying degrees; cf. Brouwer et al., 2012). Even appa-
rently minor differences in stimuli or procedures can
affect which type of masking and processing demands
influence performance. Second, as has been appreciated to
a lesser degree and has not been remarked upon fre-
quently in the literature, SOS masking experiments require
a means for explicitly designating the target source
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distinct from competing sources. For example, if an ob-
server in a listening experiment is presented with three
concurrent voices how does the experimenter indicate
which voice is the “target” to which the listener should
attend and which voices are the “maskers” that should be
ignored? Some means of target designation is necessary
for the listener to understand how to solve the task (e.g.,
“pay attention to the talker on the right and not the talker
on the left”; or, “attend to the male voice and ignore the
female voice...”). The specific means of target source des-
ignation may interact with the other variables under study
to affect the outcome of the experiment—particularly for
the perceptual and linguistic variables noted above—and
accordingly may strongly influence the interpretation of
the results. The issue of target source designation typically
is not relevant for the historically more common study of
speech masked by noise where there is only one intelli-
gible source and confusions or misdirected attention
normally are not factors.

Because these two variables, the multiple levels of proc-
essing involved and the need for an explicit means of target
source designation, may determine the outcome of the SOS
masking experiment, comparisons across studies often are
challenging. In many cases, it is unclear which cues are most
effective in producing a release from SOS masking and
whether the effectiveness of the cue is due to a reduction in
EM or in IM. Furthermore, questions remain regarding the
origins of the large intersubject differences found for SOS
masking, both in terms of the amount of masking produced
in the reference conditions (i.e., with limited source segrega-
tion cues) and how effectively individuals are able to exploit
the different source separation cues. Is it possible for listen-
ers to be categorized reliably according to these observed
patterns of masking and masking release so that, for exam-
ple, one subject shows a large masking release only when
voice cues distinguish talkers while another subject shows a
large benefit only when competing sources are spatially sep-
arated? Or, is it the case that listeners tend to differ in their
ability to exploit any of the cues available to segregate sound
sources?

The first goal of the current study was to measure the
improvement in masked target speech identification pro-
duced by implementing three different masking release vari-
ables and, in each case, to determine the extent to which the
consequent release from masking was due to a change in
EM. The second goal was to determine whether consistent
patterns of individual listener performance would be
observed across the different masking-release conditions.
The experimental approach chosen, including the target and
masker speech and method of target speech designation, has
been found to produce a high degree of IM in past studies
thereby providing a large range over which to compare the
efficacy of different masking release variables. Specifically,
we used a closed-set matrix-style format similar to many
others that have been used for both research and clinical pur-
poses in the past (e.g., Spieth et al., 1954; Hagerman, 1982;
Wagener et al., 1999; Bolia et al., 2000). When used in SOS
masking experiments, the target talker often is designated by
a key word early in the sentence which the listener must
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recognize and associate with a specific talker. It is then
assumed that the features distinguishing that voice are suffi-
cient for the listener to track that talker’s speech over time
extracting the words uttered by the target talker while ignor-
ing words spoken by competing talkers (cf. Brungart, 2001;
Iyer et al., 2010). When the target voice is similar to the
competing voices and there are no other strong segregation
cues, the ability to follow the target voice may not be reli-
able until the target is higher in level than the competing
voices.

In the following experiments, a reference condition was
tested in which, based on previous work, a high degree of
IM was expected. Three stimulus variables were tested in
conditions that were intended to provide a release from
masking. The same group of listeners participated under
each of these conditions so that the effectiveness of each
masking release variable could be examined and compari-
sons made across the different conditions. These compari-
sons are of interest for determining individual differences
among listeners and, because each of these variables could
plausibly be used for the purpose of designating the target
source among multiple sources, may reveal how different
cues could lead to different experimental outcomes.
Furthermore, a means for estimating the intelligibility of the
target speech after accounting for the EM present under each
condition was implemented using an ideal time-frequency
segregation procedure (ITFS; Brungart er al., 2006, 2009;
see also “ideal binary mask” Wang, 2005; and related work
by Anzalone et al., 2006; Li and Louizou, 2007; Healey
et al., 2013). In this processing, the target and maskers were
divided into spectro-temporal “tiles” and only the tiles in
which the target energy exceeded the masker energy were
retained. The assumption underlying this approach is that it
tests the intelligibility of the target speech that remains after
accounting for EM. This approach can be used to determine
whether EM is altered by the masking-release variables and
to estimate the amount of IM that is present under each stim-
ulus presentation condition.

Il. METHODS
A. Subjects

Six young adults (ages 21 to 30 years) participated in
this experiment. Each subject had audiometric thresholds
within normal limits for octave frequencies from 250 to
8000 Hz in both ears. The subjects received compensation
for their participation in the experiments.

B. Stimuli

The stimuli consisted of a set of 40 monosyllabic words
divided into five syntactic categories: <name> <verb>
<number> <adjective> <object> (Kidd er al., 2008b).
Within each category, there were eight exemplars. The
words were spoken by 18 young-adult talkers with an equal
number of males and females and the recordings were made
by Sensimetrics Corporation (Malden, MA). All talkers
recorded all words. The words were spoken individually
with neutral inflection so that they could be concatenated in
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any order without the potential confound of across-word
coarticulation effects. The corpus thus allowed for the con-
struction of 32768 (i.e., 8°) unique syntactically correct sen-
tences per recorded talker. The sentences were used for both
the “target” that was to be identified and the “maskers” that
were to be ignored. The first word was used to designate the
target talker and sentence (always the name “Sue”) while the
remaining four words were chosen at random from the eight
exemplars in each syntactic category and were scored. An
8 x 5 grid of the corpus of test words was displayed on the
subject’s monitor. The subjects were instructed to mouse-
click the five words in order, one from each column left to
right, comprising the target sentence. The words used for the
sentences within a trial were always mutually exclusive as
were the talkers.

C. Procedures

The target sentence was always spoken by a female
talker and presented from 0° azimuth (directly in front of the
listener). There were either two or four masker sentences
presented concurrently with the target sentence. In the refer-
ence condition (designated as the ‘“baseline” condition),
these masker sentences also were spoken by female talkers
from 0° azimuth (i.e., same sex talkers, intelligible speech
and colocated presentation). There were three other
“comparison” conditions tested which were expected to pro-
duce a release from masking. These conditions were: (a) the
use of male voices for the masker sentences (“male”), (b) the
time-reversal of the words forming the masker sentences
“reversed”) on a word-by-word basis, and (c) the spatial
separation of the masker sentences from the target sentence
(“spatial”). In addition to the naturally produced speech,
each of these four conditions was subjected to ITFS signal
processing (e.g., Wang, 2005; Brungart et al., 2006) that was
used to exclude tiles (henceforth referred to as time-
frequency [T-F] units) in which masker energy dominated
target energy (i.e., where the target was presumably unavail-
able due to EM). The ITFS was intended to isolate the avail-
able target “glimpses” contributing to intelligibility after the
masker-dominated T-F units were removed. After processing
the remaining T-F units were reassembled and presented
under the same four conditions as above to measure speech
intelligibility. A more detailed description of this procedure
is given in Sec. II D. This full set of conditions produced a
total of 16 combinations [i.e., two signal processing condi-
tions (natural or glimpsed) x two number-of-masker condi-
tions (two or four) x four masker type conditions (baseline,
male, reversed, spatial)].

During testing subjects were seated in individual double-
walled sound-treated Industrial Acoustics Corporation (IAC)
booths listening through Sennheiser HD280 Pro headphones
(Sennheiser Electronic GmbH & Co. KG, Wedemark,
Germany). For each condition a psychometric function was
measured in which the target level was fixed at 55dB sound
pressure level and the masker level was varied to test six tar-
get-to-masker ratios (T/Ms) per condition. The sound levels
were specified prior to the ITFS processing. The T/Ms were
selected separately for each condition based on preliminary
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listening. Note that a T/M of 0 dB indicates that all talkers (tar-
get and individual maskers) were the same rms level prior to
combination. Thus, the expected signal-to-noise ratio (SNR)
would be specified as —3dB for the 2-talker masker and
—6dB for the 4-talker masker.

The experimental session began with a block of the target
sentences alone. This served the purpose of familiarizing the
listeners with the sentence structure and response mode. All
six subjects scored 100% correct on this first block of trials.
The next step in the familiarization stage consisted of a written
description of the experimental conditions with three example
trials presented at descending T/Ms for each condition. No cri-
terion was set for performance in these practice/example trials.

The experimental test blocks began immediately follow-
ing the quiet testing and familiarization. Each 30-trial block
that followed consisted of one of the 16 experimental condi-
tions with a random ordering of five trials at each of the six
T/Ms. The order of conditions tested in each 16-block set
was randomized and four sets were completed. This resulted
in 20 trials (80 scored words) at each T/M for each condi-
tion. Correct-answer feedback was given on all quiet, famili-
arization, and experimental trials. The entire experiment
required 3—4 sessions of approximately 2 hours each.

D. Signal processing/stimulus generation

The five-word target and masker sentences for all condi-
tions were pregenerated and stored for playback during the
experiment at a sampling rate of 44.1 kHz. The digital wave-
forms were D/A converted through an RME HDSP 9632
(ASIO) 24-bit sound card. All signal processing and experi-
mental control was implemented via MATLAB (MathWorks
Inc., Natick, MA).

In order to keep the processing the same in all condi-
tions, the analysis and resynthesis required to produce the
glimpsed conditions also was applied to the “natural” condi-
tions. The ITFS analysis was the same as that used by
Brungart et al. (2006, 2009) in which 128 frequency chan-
nels were analyzed with 20-ms windows (sequential win-
dows overlapping by 10 ms). In our adaptation of that
method, the frequency channels spanned 80 to 8000 Hz. In
addition, all sentences were convolved with impulse
responses that had been recorded in our laboratory via the
Knowles Electronic Manikin for Acoustic Research
(KEMAR) manikin for the source positions used in the
experiment. Therefore, a version of the target and maskers
was available separately for each ear.

All of the targets and the maskers, except for the maskers
in the spatial condition, were processed for the source position
of 0° azimuth. In the spatial condition, the masker placement
was symmetric around the target. When there were two masker
talkers the source positions were =90° azimuth (to the left and
right of the subject facing straight ahead) and when there were
four masker talkers they were positioned at =45° and =90°.
This step was also implemented prior to the ITFS analysis.
Next, the masker sentences were summed for each ear and
scaled to produce the desired T/M. The stimuli for each ear
were then subjected to the ITFS analysis which resulted in a
matrix of T-F values representing the energy in each of those
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units. For the natural speech conditions, all T-F units were
retained in the resynthesis for both target and summed masker
(an all ones binary mask; cf. Wang, 2005). For the glimpsed
conditions, a local SNR criterion (LC; cf. Brungart et al.,
2006) value of 0dB was applied such that the target energy
was compared to the summed masker energy for each T-F unit
and each ear separately. According to that algorithm, a 1 repre-
sents each unit containing target energy equal to or greater
than the masker energy while a 0 is used for the remaining
masker-dominated T-F units. Of the summed target and
maskers for each ear, only the units with a value of 1 are
retained while the units with a 0 are discarded. The synthesis
is completed following application of the binary mask and the
left ear and right ear signals are stored for playback. It is im-
portant to note that in the colocated conditions the targets and
maskers all originated from 0° azimuth but still could have
somewhat different resynthesized waveforms for the two ears
due to small asymmetries in the KEMAR recordings.

Examples of the ITFS processing (for one ear) are
shown in Fig. 1. The black regions represent values of 1 in
the mask and therefore indicate the T-F units that were
retained after processing. The left column shows the binary
mask for the 2-talker masker baseline condition and the right
column is for the 4-talker masker in the same condition. The
rows are different T/Ms ranging from 0 to —30dB. The tar-
get speech was the same in all panels. The masker speech
was the same in each row but differed for the two columns
in that the right column had two additional masker senten-
ces. Note the difference in sparseness of the target-
dominated speech with fewer T-F units remaining as T/M is
decreased and, for each T/M, fewer T-F units for the 4-talker
masker than for the 2-talker masker.

lll. RESULTS

The results yielded performance-level functions for
each listener and condition. The data were individually fit
with logistic functions so as to obtain an estimate of the
threshold, defined as the T/M in dB for 50% correct word
identification. The thresholds for individual listeners and the
group means are given in Table I. In order to obtain group
average performance-level functions, the means of the pa-
rameters of the individual fits were used to construct logistic
functions for each condition. The group mean performance-
level functions are shown in Fig. 2 both for the 2-talker
masker (upper panel) and for the 4-talker masker (lower
panel). Within each panel, the solid lines and values for the
filled symbols were computed for the baseline and three
masking release conditions for natural speech while the
dashed lines with open symbols are the four average func-
tions for the glimpsed speech. The symbols used to identify
the different conditions are placed only at the values of T/M
that were tested, which varied by condition. It is clear from
this figure that performance varied dramatically across con-
ditions with the baseline condition displaced the furthest to
the right along the abscissa, the three comparison conditions
falling along intermediate values of T/M, and all of the
glimpsed conditions tightly clustered at the leftmost (nega-
tive) T/M values. This order of conditions is apparent for

Kidd, Jr. etal. 135



2—talker masker 4—talker masker

Pl ,

I

Y

e Y
™

' ¥

1 15 2 25 05 1 15 2 25
Time (secs)

TABLE I. Individual and group mean thresholds (T/M in dB) for all conditions (see text).

0dB T/M
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FIG. 1. Schematic illustrations of the
ITFES (see text) processing used in the
baseline condition for 2-talker (left
column) and 4-talker (right column)
maskers. These plots illustrate the
“binary masks” applied to the stimuli
for target-to-masker ratios (T/Ms) of
0dB (top row), —15dB (middle row),
and —30dB (bottom row). The black
regions indicate T-F units in which the
target energy was equal to or greater
than the masker energy and thus were
retained in the processing while the
white regions indicate T-F units that
were dominated by masker energy (or
were below the noise floor) and thus
were removed by the processing.

Glimpsed Natural

Listener Baseline Male Reversed Spatial Baseline Male Reversed Spatial
2-talker masker

1 —32.1 —29.8 —33.6 —-29.9 0.7 —20.8 —18.6 —20.7
2 —30.3 —28.2 —30.4 -31.0 -5.5 —28.8 -21.6 —23.4
3 —27.5 —29.4 -27.1 —26.0 1.0 —16.3 -95 —-15.9
4 —325 —-29.0 —28.3 —29.4 1.4 —194 —-19.2 —19.8
5 —324 -30.9 —32.3 -31.6 —0.7 —-259 —20.5 -20.9
6 —28.9 —24.6 —26.0 —28.4 0.5 —19.7 —13.4 —17.1
Mean -30.6 —28.7 —29.6 —-294 —0.4 —21.8 -17.1 -19.6
Standard error 0.85 0.89 1.22 0.82 1.06 1.89 1.92 1.11
4-talker masker

1 —21.0 —22.4 —24.2 -20.9 2.6 —10.8 -7.0 —83
2 —19.1 —19.8 —19.2 —20.0 1.0 —13.7 —6.7 —13.2
3 —16.8 —-17.3 —17.6 —18.2 34 —8.4 —1.4 —-5.2
4 —18.2 —19.8 —-17.9 —-19.2 5.4 —-9.4 —0.1 —8.4
5 —20.7 —-223 —20.8 —22.6 39 —11.1 —6.0 —10.3
6 —16.4 —20.7 —19.3 —18.6 34 -10.9 —5.6 —9.0
Mean —18.7 —20.4 —19.8 -19.9 33 —10.7 —4.5 -9.1
Standard error 0.78 0.78 0.99 0.67 0.59 0.73 1.20 1.08

136  J. Acoust. Soc.

Am. 140 (1), July 2016

Kidd, Jr. et al.



—_

e
s

.
-z

© o o o o
o o N o ©

Proportion Correct

* Baseline
e Male
| |
A

© o o
Now

Reversed ||
Spatial

©
—

—- O

roportion Correct
© © © o o
o O N 00 ©

o
~

p
© e o
- W

035 30 25 20 1510 5 0 5 10 15
T/M (dB)

FIG. 2. Performance-level functions for all conditions based on group mean
values for the logistic fits to the individual listener data (see details in text).
The upper panel contains the results from the 2-talker masker while the
lower panel contains the results from the 4-talker masker. The symbols iden-
tify the different conditions and are placed only at the T/M values that were
tested, with the dashed lines showing performance for the glimpsed stimulus
conditions and the solid lines showing performance for the natural speech
conditions.

both the 2- and 4-talker masker cases although all 4-talker
masker psychometric functions are shifted to the right, by
varying amounts, relative to their 2-talker masker counter-
parts. The slopes of the fitted functions were somewhat
steeper for the 4-talker masker conditions than for the
2-talker masker conditions and within each masker the natu-
ral baseline condition was steepest with the other three natu-
ral conditions and all glimpsed conditions having similar
slopes. The average slopes for the 2-talker masker ranged
from 3.2%/dB to 4.2%/dB in all cases except for the natural
baseline condition which had a slope of 6.3%/dB. For the
4-talker masker the range was 4.0%/dB to 6.1%/dB with a
slope of 10.5%/dB for the natural baseline condition. These
steeper slopes for the natural baseline conditions likely
reflect the contributions of a level cue when the target
became the dominant (highest level) source.

The trends described above for performance in each con-
dition may be summarized by comparing the thresholds. The
group mean T/Ms at threshold and standard errors of the
means extracted from the individual logistic fits are plotted in
Fig. 3. The upper panel contains the data for the natural
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FIG. 3. Group mean T/Ms at threshold in decibels and standard errors of the
means computed from the performance-level functions for all conditions
tested for the natural (upper panel) and glimpsed (middle panel) 2- and 4-
talker maskers (black and white bars, respectively). The differences between
the natural and glimpsed thresholds (“additional masking”) are shown in the
lower panel.

speech stimuli and the middle panel contains the results from
the glimpsed speech stimuli. The lower panel is the difference
between the thresholds obtained for the natural speech stimuli
shown in the upper panel and the corresponding glimpsed
speech stimuli shown in the middle panel. These values are
referred to as “additional masking” and will be discussed
later. The masker conditions are shown in pairs of bars along
the abscissa (left to right): baseline, male, reversed, and spa-
tial, while the ordinate (upper and middle panels) is the T/M
at threshold in dB. Each pair of bars contains the data for the
2- (black) and 4-talker (white) masker cases.

First, with respect to the T/Ms at threshold for the natural
speech 2-talker masker, the group mean value for the baseline
condition was about —0.4dB. One subject, L2, achieved a
threshold of —5.5dB while the remaining subjects fell within
a narrow range from —0.7 to 1.4dB (Table I). The corre-
sponding group mean thresholds for the comparison condi-
tions were much lower than for the baseline condition for the
2-talker masker. They were —21.8, —17.1, and —19.6dB,
respectively, for the male, reversed, and spatial conditions.
These thresholds yield release-from-masking amounts of
21.4, 16.7, and 19.2dB, respectively, as referenced to the
baseline threshold.

For the 4-talker masker, the group mean threshold for
the baseline condition was 3.3dB. The comparison
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conditions produced average thresholds of —10.7, —4.5, and
—9.1dB for the male, reversed, and spatial conditions with
corresponding reductions in masking of 14, 7.8, and
12.4dB, respectively. The thresholds obtained for the 4-
talker maskers were higher in all cases than the correspond-
ing thresholds measured under the 2-talker maskers.
However, the increase in threshold differed across condi-
tions. For baseline, the threshold in the 4-talker masker was
only about 3.7dB higher than for the 2-talker masker
whereas the thresholds for male, reversed, and spatial
maskers were 11.1, 12.6, and 10.5 dB higher for the 4-talker
masker than for the 2-talker masker, respectively. This dif-
ferential increase, which affected the baseline reference
condition less than the comparison conditions, meant that
the reduction in masking for the three comparison condi-
tions relative to baseline was less in all cases for the 4-
talker masker. Because T/M is based on the level per talker,
the overall level of the 4-talker masker was 3dB greater
than for the 2-talker masker (3dB higher in SNR). This
increase in overall masker level could account for the
increase for the baseline condition of 3.7dB noted above
but does not explain the much greater increases for the three
comparison conditions. However, it should be noted that the
point at which the target talker becomes the highest-level
source (0dB T/M) or higher than the sum of the masker
talkers (0 dB SNR which is 3 dB T/M for two masker talkers
and 6 dB T/M for four masker talkers) may effectively limit
the magnitude of the observed masking release. This point
is considered in more detail in Sec. IV.

For the glimpsed speech 2-talker maskers, the effect of
masker type was negligible. The threshold T/M was
—30.6dB in the baseline condition, —28.7 dB for the male
condition, —29.6dB for the reversed condition, and
—29.4 dB for the spatial condition. These thresholds for the
glimpsed speech were lower in all cases than the correspond-
ing thresholds for the natural speech. The differences
between the glimpsed baseline and comparison conditions
were much smaller—Iess than 2 dB—than were found for
the natural speech conditions and the glimpsed baseline had
the lowest threshold of the group. Thus, there were no
instances of “release” from masking within the glimpsed
conditions. The minor effect of masker type for the glimpsed
4-talker masker condition was similar to that noted for the 2-
talker maskers with average thresholds of —18.7, —20.4,
—19.8, and —19.9dB T/M for baseline, male, reversed, and
spatial conditions, respectively. The three comparison condi-
tions were thus slightly lower than baseline but all four
thresholds fell within a narrow range of about 1.7 dB. The
increases in threshold observed for the glimpsed 4-talker
masker conditions compared to the glimpsed 2-talker masker
conditions were 11.9, 8.3, 9.8, and 9.5 dB for the baseline,
male, reversed, and spatial masker conditions, respectively.
When compared to the increases found for the natural speech
conditions the largest difference was for the baseline condi-
tion while the other comparison conditions increased by
roughly the same amount.

An analysis of variance with repeated measures on the
thresholds contained in Table I revealed significant main
effects of speech type (natural vs glimpsed) [F(1,5) =265.2;
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p < 0.001], number of maskers (two vs four) [F(1,5) =298.1;
p <0.001] and masker condition (baseline, male, reversed,
and spatial) [F(3,15)=154.1; p<0.001]. These effects are
apparent in Fig. 3. The significant 2-way interaction of speech
type by masker condition [F(3,15)=6.2; p=0.006] is also
clearly evident in that figure. The interaction of number of
maskers by masker condition [F(3,15)=180.3; p <0.001]
likely reflects the result that the effect of adding two masker
talkers is different for the baseline masker condition. It is also
clear in Fig. 3 that speech type and number of maskers do not
interact [F(3,15) =0.21; p=0.67]. The three-way interaction,
however, was significant [F(3,15)=17.9; p<0.001] and
again could be due to the baseline condition being different in
regards to two versus four masker talkers, but only for
Natural speech and not for Glimpsed speech. In order to
obtain a better understanding of these findings each of the
four subdivisions of the experiment (2- vs 4-talker maskers,
natural vs glimpsed) were analyzed further by conducting sep-
arate analyses in which the single within-subjects factor of
masker type was evaluated. The results indicated that for both
of the natural speech conditions, masker type was significant:
For the 2-talker masker, F(3,15) = 148.35; p < 0.001 and for
the 4-talker masker, F(3,15) = 125.54; p < 0.001. For the two
glimpsed speech conditions, masker type was not significant:
with F(3,15)=1.64; p=0.223 for the 2-talker masker and
F(3,15)=2.22; p=0.13 for the 4-talker masker.

The lack of significance of masker type for the glimpsed
conditions, while a negative statistical result, is important
because it is consistent with the interpretation that EM (i.e.,
as defined by masker energy > target energy within a T-F
unit; note that this definition does not include interactions
among adjacent T-F units or binaural interaction within
units') was the same across conditions. It is of interest, then,
to consider each natural masker condition with respect to the
additional masking—predominantly IM (cf. Brungart et al.,
2006)—it created. The lower panel of Fig. 3 plots the results
of these calculations. For both 2-talker and 4-talker maskers,
the greatest additional masking was observed in the baseline
condition, which was about 30 dB for the two talker masker
and about 20 dB for the 4-talker masker. The ordering of the
comparison conditions with respect to this additional IM was
the same for both two and four maskers (from most to least):
reversed, spatial, and male. The greater IM found for the
reversed condition is of particular interest because it has the
least linguistic similarity of the three comparison conditions
and, given that it was not intelligible speech, would not be
expected to produce a high proportion of masker confusions.
This point is considered further in Sec. IV.

With respect to the performance of individual subjects,
there were some notable trends in the data. Figure 4 shows
individual thresholds for the natural speech target and
maskers for the three comparison conditions plotted each
against the other. These comparisons are of interest because
they indicate the extent to which listeners were successful in
using different source segregation cues to reduce the high
IM present in the baseline condition. It was possible, for
example, that some listeners would rely more heavily on one
strategy or cue than another or that, in contrast, “good
listeners” could effectively use any cue that is available and
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FIG. 4. Thresholds from individual subjects (coded by symbols) plotted for each pair of natural speech comparison conditions. The three panels show the
individual data plotted for the following pairs of conditions: male vs spatial (left); reversed vs male (center); spatial vs reversed (right). The data from both
the 2- and 4-talker maskers are plotted in each panel with filled and open symbols, respectively.

“poor listeners” could not. A hallmark of IM is large individ-
ual differences (cf. Kidd er al., 2008a), but the extent to
which subjects tend to exploit one particular cue or strategy
in preference to others is not well-established. Figure 4 illus-
trates the range of individual differences in thresholds for
this subject group for both numbers of maskers. Thresholds
for all subjects are higher for four maskers than for two
maskers and the data points generally are distributed along
the diagonal indicating a tendency for individual subjects to
be characterized according to their ability to use any segre-
gation cue to overcome IM. The correlations based on all 12
data points (six subjects by two numbers of maskers) were
0.97, 0.95, and 0.96 for male vs spatial, reversed vs male,
and spatial vs reversed, respectively. Although the number
of subjects is too small to draw any broad conclusions about
subject categories, the data are more in line with subject per-
formance that is consistently good or bad across the different
cues rather than subjects obtaining a strong advantage from
one of the cues while not receiving a large advantage from a
different cue.

A. Error analysis

The patterns of mistakes made by listeners engaged in
the speech identification task can be used to draw inferences
about the underlying mechanisms of masking. Confusions
between target words and masker words are associated with
high IM while randomly distributed errors are indicative of
EM-dominated conditions (cf. Brungart, 2001; Kidd et al.,
2005; Brungart et al., 2006; Iyer et al., 2010). The propor-
tions of masker confusion errors occurring in the speech
identification task computed across all subjects and T/Ms in
all 16 conditions tested here are shown in Fig. 5. The
2-talker masker condition is shown in the upper panel and
the 4-talker masker is shown in the lower panel.

The four masker conditions are indicated along the ab-
scissa and the ordinate is the proportion of all responses that
matched one of the masker alternatives presented for that
word position/category. Both natural (black/filled bars) and
glimpsed (white/open bars) are shown. The dashed horizon-
tal line in each panel is the proportion of errors that would
be expected to occur from guessing. Note that chance is
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different for the 2-talker masker (2/7 for expected masker
errors) than for the 4-talker masker (4/7).

The assumption underlying analysis of these error pat-
terns is that conditions dominated by EM would result in a
proportion of masker errors governed simply by chance—
which would correspond to values on or near the horizontal
dashed lines. For the glimpsed speech conditions, the T-F
units dominated by masker energy are removed leading to
the hypothesis that the errors that occurred would be due to
insufficient information to identify the target (EM) but not
enough information about the masker to yield confusions
(IM). Thus, performance after processing reflects EM
because the target energy that is “covered up” by the masker
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FIG. 5. Proportions of the total errors that were masker errors tabulated for
the 2-talker masker (upper panel) and the 4-talker masker (lower panel)
averaged across the six T/M values used in each condition. The four masker
conditions (baseline, male, reversed, and spatial) are indicated along the ab-
scissa. For each type of masker, the filled bars show natural speech condi-
tions while the open bars show glimpsed speech conditions. The horizontal
dashed line in each panel indicates the proportion of masker errors expected
by chance.
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is unavailable to the listener and so the errors should be ran-
domly distributed. Inspection of Fig. 5 supports this interpre-
tation. In all of the glimpsed conditions the error proportions
fall very near the chance performance value (horizontal
dashed line). In contrast, for the natural speech maskers, the
errors are dominated more by masker confusions for the
baseline, spatial, and male conditions. For the reversed con-
dition, the errors are much closer to the chance line as would
be expected from unintelligible speech. However, it is strik-
ing that, despite the near-chance error patterns, the thresh-
olds for the reversed condition were higher than for either
the male or spatial conditions (cf. Fig. 3) where the error pat-
terns were dominated by confusions. As discussed in more
detail in Sec. IV, the presence of significant “additional
masking” for the reversed condition together with near-
chance masker confusions indicates that explicit confusions
with masker items are not necessary to cause substantial IM;
the additional masking for the reversed condition was more
than 15dB on average for the 2-talker masker condition
(Fig. 3, lower panel).

IV. DISCUSSION

The current study demonstrated that three cues fostering
the perceptual segregation of a target stream of speech from
competing masker streams of speech produced large reduc-
tions in masking. Thus, a sex difference between target and
masker talkers, masker time reversal and spatial separation
of sources all significantly reduced the masking found in the
baseline condition. These reductions in masking relative to
the baseline condition were as much as 20 dB for the 2-talker
masker and 14 dB for the 4-talker masker, on average, for
this group of listeners. Furthermore, based on the results of
the glimpsing analysis, we conclude that the differences in
performance across the natural (unprocessed) speech condi-
tions were not due to differences in EM produced by the dif-
ferent masker manipulations. This conclusion is supported
by the finding that the thresholds for all four glimpsed condi-
tions for either two or four masker talkers were not signifi-
cantly different and fell within narrow ranges. Those
thresholds were about 30dB lower than the natural speech
baseline threshold for the 2-talker masker and about 20dB
lower for the 4-talker masker. It should be emphasized that
the magnitude of the release from masking observed under
the various conditions depends crucially on the amount of
masking that is present in the reference condition to begin
with; here, that was the baseline condition where the target
talker was identified by association of a key word with a spe-
cific voice early in the target sentence. Following the target
stream of speech after the keyword (the scored test items)
required the listener to track the target talker by voice or,
potentially at the higher T/Ms, by loudness/saliency.

The implication of these findings for the issue of target
source designation raised in Sec. I is that employing one of
these source segregation cues to designate the target (e.g.,
instructing the subject to: ““...report the words spoken by the
female talker in the group of male talkers...” or “...report
the words from the talker that is straight ahead and ignore
the talkers to the sides...”) may greatly reduce the IM that is
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present and therefore lessen the effect of any additional cue
in releasing masking. Although only three such cues were
tested in the current study, other variables could exert a simi-
lar influence on a SOS masking experiment. Determining
and studying how a “target” source is designated in natural
conversation outside of the laboratory can be a very complex
problem and may depend on many variables, and their inter-
actions, that are difficult to control and to quantify. For
example, the target source typically varies with turn taking
in conversation and new sources may join or leave a conver-
sation unexpectedly, creating a significant degree of uncer-
tainty in communication. The a priori and ongoing
information available to a listener (i.e., context) may have a
significant impact on the amount of IM that is present as
well as how effectively the listener can exploit the various
cues available (e.g., visual information) to solve the task.
The magnitude of the reduction in masking (relative to
baseline) caused by the three segregation cues tested here
was greater when the masker comprised two talkers—where
it averaged about 19dB across the three comparison condi-
tions—than when it comprised four talkers where the aver-
age reduction in masking dropped to about 11dB. To the
extent that these large masking releases reflect a release
from IM, the findings are consistent with a variety of other
studies that show that IM generally is greatest for a small
number of competing sources when EM is relatively low.
For example, a similar conclusion has been reached for the
effect of IM found in multi-tone masking conditions where
the maximum IM occurs for relatively few components (e.g.,
Neff and Green, 1987; Oh and Lutfi, 1998; review in Kidd
et al., 2008a). In all cases tested here, the amount of masking
increased as the number of independent masker talkers
increased from two to four. Similar findings with respect to
the number of competing masker talkers have been reported
by Brungart et al. (2001) and Brungart et al. (2009). Other
than the baseline conditions, the increase in threshold due to
the increase in the number of masker talkers exceeded the
3 dB higher SNR for the 4-talker masker. Some insight into
the additional masking caused by the 4-talker masker may
be found by considering the information that remains in the
glimpsed stimulus as estimated here through ITES process-
ing. At each T/M, the glimpsed stimuli contain only the T-F
units that are likely to contribute significantly to identifica-
tion performance (depending on the LC value chosen; cf.
Brungart et al., 2006). Thus, there is a direct relationship
between the proportion of T-F units retained after ITFS proc-
essing and speech identification performance. We verified
this direct and orderly relationship for the glimpsed stimuli
used in the present study. The additional increase in masking
(above the 3 dB increase in SNR) for the 4-talker masker rel-
ative to the 2-talker masker may be explained by the higher
proportion of T-F units that are energetically masked. The
4-talker masker generally obscures more T-F units than the
2-talker masker at an equivalent T/M (cf. Fig. 1). For exam-
ple, for the glimpsed 2-talker masker conditions, the propor-
tion of target-dominated T-F units at threshold (averaged
across the four masker conditions; T/M = —30.5dB) was
about 0.15 while the proportion of energy retained by those
points was about 0.38. For the same proportion of points to
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be retained for the 4-talker masker, the T/M must be
increased by 18.5 dB while achieving the same proportion of
energy retained requires an increase in T/M of 13.2dB. The
apparent discrepancy between the two values is due to the
property of the ITFS analysis that retains the higher-level
points at any given T/M. So the high-level points present at
the lowest T/M are preserved as the target level increases
causing the slope of the function relating the proportion of
energy retained in the glimpsed stimulus to differ from the
corresponding function relating proportion of T-F units
retained over the range of values of interest here. These
functions and the computations just described are illustrated
in Fig. 6. In this figure, the abscissa is T/M in dB and the
ordinate is proportion of T-F units (heavy lines) or energy
(light lines) retained for both 2- and 4-talker maskers. If we
assume that the thresholds measured in our observers for the
glimpsed stimulus are related to a constant proportion of tar-
get energy that remains after ITFS processing (0.38 for the
2-talker masker as shown in Fig. 6), then the increase in T/M
necessary to provide that same proportion of energy retained
for the 4-talker masker (13.2dB) is roughly comparable to
the increase in thresholds that was measured in the
glimpsed-speech experiment which ranged from 9.5 to
11.9dB across masker conditions. Because this increase is
related to EM, by definition (T-F units where T > M), this
suggests that the difference in thresholds between 2- and 4-
talker maskers is primarily a consequence of increased EM.
The reduced magnitude of the release from masking for the
4-talker masker relative to the 2-talker masker conditions
may be due to this increase in EM or, perhaps more
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FIG. 6. Proportion of the Glimpsed target retained as a function of T/M
averaged across conditions for 2- and 4-talker maskers. The light lines
(upper two functions) are values for the proportion of target energy retained
while the heavy lines (lower two functions) show the proportion of T-F units
retained. The dashed lines are for the Glimpsed target in the 2-talker masker
and the dash-dot lines are for the 4-talker maskers. The pair of vertical dot-
ted lines intersect the abscissa at the threshold T/M for the 2-talker masker
(left) and the 4-talker masker (right). The solid horizontal lines and corre-
sponding decibel values indicate the difference in dB between the proportion
of energy (13.2 dB; upper line) or T-F units (18.5 dB; lower line) retained at
threshold for the 2-talker masker and the same proportion for the 4-talker
masker (see text).
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specifically, to an increase in the proportion of EM to IM. It
is possible too that the reduced masking release for the 4-
talker masker simply reflects a compression of the range of
thresholds bounded by EM at the lower T/Ms and the use of
a level segregation cue at the upper end where the target
level exceeds the masker level in the baseline condition.
This phenomenon of range compression in SOS masking is
another factor that must be considered when comparing
results across studies (cf. related discussion in Best et al.,
2013).

Applying ITES processing, as in the current study, elimi-
nates T-F units according to a specified T/M (or SNR) crite-
rion within each unit. As discussed by Brungart et al. (2006,
2009), this process affects both EM and IM. The T-F units
dominated by masker energy are, by definition, “energetically
masked.” However, there is an important theoretical—and
practical—issue concerning the contributions made by indi-
vidual T-F units to overall performance depending on whether
IM also is present. Theories attempting to predict speech
intelligibility in noise (e.g., Articulation Index theory; cf.
Egan and Wiener, 1946; French and Steinberg, 1947; Kryter,
1962) make the assumption that each frequency band within
the relevant time frame” contributes to the overall intelligibil-
ity depending on the SNR and other factors such as a weight-
ing or importance function across frequency. If the SNR is
very low the channel makes a small (often set to zero) contri-
bution to the overall score. So, removing a channel contribut-
ing zero to the AI would have no practical effect. That
practice is well-suited for the most commonly considered
case of speech masked by Gaussian noise. However, for SOS
masking conditions high in IM, the presence of a masker-
dominated T-F unit may actually decrease overall intelligibil-
ity well beyond any additional EM it may cause by interacting
with adjacent units (cf. Freyman et al., 1999; Brungart et al.,
2006). Consider the difference in thresholds between the
glimpsed and natural masker conditions. Adding in the T-F
units dominated by the maskers (e.g., Fig. 3, lower panel) has
a profoundly different effect depending on the IM value of
the masker. Some increase in thresholds would be expected
by adding in the masker-dominated T-F units due to spread of
EM to target-dominated T-F units (for that reason, the values
in the lower panel of Fig. 3 are referred to as “additional
masking” rather than IM). Using a (high EM) noise masker
control, Brungart et al. (2006) found about a 3—5 dB increase
in thresholds when the T-F units excluded with an LC of 0 dB
(as here) were present in the stimulus. The additional masking
found in their study for speech maskers—more than 10dB in
some cases—was attributed to IM. In this study we also have
the case where adding T-F units dominated by the masker not
only does not add to the overall intelligibility, but, depending
on the IM value of the masker-dominated T-F units, decreases
intelligibility considerably.

Viewed from the perspective of the increase in masking
due to the addition of the T-F units dominated by the masker,
the reversed masker had the greatest IM value of any condi-
tion except baseline. It should be pointed out, though, that
the additional masking (natural speech relative to glimpsed)
for the spatial condition may be underestimated somewhat
because of the possibility that binaural interaction (an EM
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release) contributed to the spatial release from masking (nat-
ural speech spatial condition relative to baseline). That case
is unique among those tested here because the interaural dif-
ferences between target and maskers could contribute some
release from EM from binaural analysis." Although there are
clear linguistic effects in SOS masking (e.g., Freyman et al.,
2001, 2004; Van Engen and Bradlow, 2007; Brouwer et al.,
2012; Kidd et al., 2014) it is interesting that the unintelli-
gible reversed speech masker was so effective without pro-
ducing explicit confusions. Here, as much as 15dB of
additional masking was produced on average for the
reversed masker (cf. 4-talker masker, lower panel Fig. 3).
Indeed, time-reversed maskers have been used as (relatively)
high IM/low EM maskers in some studies in the past (Best
et al., 2007). It is possible that reversed speech is more diffi-
cult to segregate than different sex talkers or spatially sepa-
rated sources because it cannot be excluded (‘“filtered”)
according to any simple perceptual property and, in fact,
retains many of the important properties of natural speech
(e.g., Kellogg, 1939; Cherry, 1953). In contrast, the male
masker could be excluded based on the perception of one or
more simple acoustic differences (e.g., fundamental fre-
quency, formant properties, etc.) related to the sound sources
(e.g., de Cheveigne et al., 1995; Hafter and Saberi, 2001;
Kidd et al., 2003; Carr-Levy, 2010). Similarly, differences
in the apparent locations of the sound sources—physical dif-
ferences in azimuth causing interaural disparities—could be
used to filter out the masker (e.g., Teder-Salejarvi and
Hillyard, 1998; Arbogast and Kidd, 2000; Marrone et al.,
2008).

There is evidence suggesting that the reversed masking
release does operate at a relatively high level of processing.
Newman et al. (2015), for example, have reported a signifi-
cant reversed masking release in children as young as 4 years
old although newborn infants do not appear to exhibit differ-
ential responses to time-forward vs reversed speech
(Newman, 2009). Thus, there is a developmental component
likely related to language acquisition that underlies this dif-
ference. So, rather than excluding time-reversed speech
according to a distinction along a single perceptual dimen-
sion related to a simple acoustic property, it may be that
reversed speech is rejected only at higher levels of linguistic
processing. It is interesting to note that a similar
experienced-based development of linguistically based IM
has been reported by Ezzatian er al. (2010) for masking
caused by speech in a non-native language.

It seems likely that the IM caused by the reversed condi-
tion would be akin to that found for masker speech presented
in a language not understood by the listener (e.g., Ezzatian
et al., 2010; Iyer et al., 2010; Brouwer et al., 2012;
Calandruccio et al., 2013). In both cases many of the source-
specific acoustic features are retained while meaning is elim-
inated (see Freyman et al., 2001, for similar observations).
The similarity of the EM produced by all three conditions
here, as reflected in the glimpsed thresholds, argues against
any significant difference between conditions other than the
IM they create. It would be interesting to determine whether
speech in languages not understood by the listener would
also produce similar EM (cf. Rhebergen et al., 2005, for
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related discussion and counter example). Our findings of
substantial additional masking from reversed speech lead to
the question of whether the IM for the reversed condition
could be further reduced if it were combined with an addi-
tional segregation cue. Although we did not test that hypoth-
esis in the current study, Swaminathan et al. (2015) reported
results that are relevant to this question. In a study of the
benefit of musical training on SOS masking, they reported a
reversed masking release of about 15 dB using methods simi-
lar to those used in this study that was further reduced almost
5dB by *15° spatial separation of two masker talkers from
the target talker.

V. SUMMARY AND CONCLUSIONS

The first conclusion from the current findings is that the
underlying amount of EM was nearly identical (total range
of 1.9dB for 2-talker maskers and 1.7dB for 4-talker
maskers) in all natural speech conditions: the baseline refer-
ence and the three comparison conditions causing release
from masking. This conclusion is based on the similar per-
formance of the group of listeners on the ITFS-processed
speech across all masking conditions over a range of T/Ms.
Furthermore, an analysis of the proportion of energy retained
in the glimpsed T-F units showed a rough correspondence to
the difference in thresholds between the 2- and 4-talker
maskers that could be attributed to differences in EM. Thus,
the ITFS processing approach provided a means for quanti-
fying differences in EM across experimental conditions, sug-
gesting that this type of analysis may be useful in other
applications where it is desirable to separate EM from IM.

The second conclusion is that each of the masking
release variables: different sex talkers, spatial separation of
sources and time-reversal, produced a large release from IM.
One important implication of this finding is that, while any
of the three variables could be used to designate the target
source separate from the masking sources in a SOS experi-
ment, doing so would have a significant effect on the extent
to which further masking release could be observed with
other cues.

The third conclusion is that the amount of masking
beyond the performance obtained on the ITFS-processed
speech (additional masking, largely IM) varied considerably
across conditions. For the comparison conditions, the largest
amount of additional masking (and correspondingly the least
amount of release) was for the time-reversed masker (how-
ever, see caveat regarding potential release from EM in the
spatial condition noted above).' Thus, large amounts of IM
are possible even in the absence of explicit confusions
among target and masker words and for speech maskers that
are not intelligible.

Finally, large individual differences were found for all
natural speech conditions. Although the subject group was
too small to support firm conclusions, the subjects who
showed a large masking release for one variable were likely
to show large masking release for the other two variables as
well, consistent with the notion that listeners fall along a
continuum of a general ability to use source segregation cues
to release IM (cf. Neff and Dethlefs, 1995).
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shaped noise maskers (typically used as a high-EM control) separated
from a target talker by =90°. A slightly larger spatial release (3.6 dB) was
reported by Kidd et al. (2010) for noise maskers separated from a diotic
speech target by interaural time differences of *600 us. Note that the
interaural differences in the target-dominated T-F units are retained in the
glimpsed spatial condition but are not retained in the masker-dominated
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