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Loudness and the binaural
masking level difference

D. R. SODERQUIST and R. D. SHILLING
University of North Carolina at Greensboro, Greensboro, North Carolina

The large threshold difference found between a low-frequency antiphasic signal, Sx, and in-
phase signal, SO, in the presence of a homophasic noise masker (NO) is referred to as the binaural
masking level difference (BMLD). The magnitude of the BMLD diminishes when the antiphasic
signal is increased to suprathreshold levels. The decrease in effectiveness of a 180° phase-shifted
signal, at suprathreshold levels, produces a concomitant decrease in perceived loudness of the
signal. This decrease in effectiveness at the higher signal levels was examined in a loudness-
matching paradigm. A change in neural processing was hypothesized to account for the varia-
tion in loudness, detectability, discrimination, and identification when the signal level approached

20 dB SL.

An interaural in-phase low-frequency sinusoid (desig-
nated SO), when presented simultaneously with a moder-
ately intense in-phase interaural noise (NO), yields a sig-
nificantly higher masked threshold than does an
out-of-phase sinusoid (S7) masked by the identical noise.
The difference in decibels between the masked threshold
in the former condition (NOSO) relative to the threshold
in the antiphasic condition (NOS) is the binaural mask-
ing level difference (BMLD). This release from masking
has an extensive literature and has been well documented
(e.g., Green & Henning, 1969; Small et al., 1972; Soder-
quist & Lindsey, 1970).

An interesting aspect of the BMLD is that it is a near-
threshold phenomenon. When one considers the loudness
of the two signals at suprathreshold levels, the effect of
interaural time/phase has diminished. For example, at
masked threshold (0-dB sensation level, SL), the two sig-
nals are equally loud. If, however, each signal, SO and
Sw, is increased 10 dB above its respective masked
threshold, a clear discrepancy in loudness occurs. The S1
signal is perceptually less loud than SO, even though each
signal is 10 dB above its masked threshold. To be equally
loud, the S« signal must be increased by more than 10 dB.
This is most likely due to the decreasing effectiveness of
the NOS~ interaction at suprathreshold levels.

The only systematic investigation concerning this par-
ticular point of diminishing effectiveness appears to be
that of Townsend and Goldstein (1972). These investiga-
tors used the method of adjustment to show that, for var-
ious signal levels at different noise spectrum levels, the
loudness differences between SO and S« tend to disap-
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pear when the SO signal has increased to 20 dB SL. The
present study expands on these data by examining addi-
tional signal frequencies and using a two-alternative
forced-choice (2AFC) adaptive procedure to procure the
BMLD.

METHOD
Subjects
There were two well-trained subjects, the senior author and a stu-
dent. Both subjects had normal hearing in the frequency ranges used.

Apparatus and Stimulus

The subject was seated in a double-walled sound-attenuating cham-
ber and listened to stimuli through matched earphones (TDH-49) mounted
in supraural cushions (MX41/AR). A response panel with lights and
buttons was used to indicate when to listen and when to respond. Feed-
back was given in the BMLD task but not for loudness-matching con-
ditions. The signals were digitally generated using ILS-PC software on
an IBM-AT microcomputer. The 300-msec signals had linear rise/fall
ramps of 10 msec each and were converted by a Data Translations
DT2801A D/A converter at a 25-kHz sampling frequency. Signal fre-
quencies were 200, 300, 400, 500, 750, and 1000 Hz. Two levels of
analog noise (15- and 30-dB spectrum level) were produced by a Hewlett-
Packard 8057-A precision noise generator. The noise was bandpassed
through a 48-dB/octave Coulbourn Instruments $75-36 variable filter
(100-1100 Hz, 3 dB down), and shaped (10 msec rise/decay) with a
Coulbourn S84-04 rise/fall module. Stimuli were mixed with a Coulbourn
Instruments mixer/amplifier (S82-24) and attenuated with programma-
ble Coulbourn Instruments attenuators (S85-08). A Crown D-75 am-
plifier was also used in the noise circuitry. Stimuli were monitored with
a Ballantine 320A true RMS meter, Tektronix storage scope/spectrum
analyzer (SA15N and SLAN, respectively), and Hewlett-Packard 5221B
electronic counters and manual attenuators (350-D). Interaural phase
shift of the signal was created with a Grason-Stadler phase shifter (Model
E3520B). The experiments were under the control of a locally written
Turbo Pascal program and the IBM-AT microcomputer.

Procedure

The experiment was conducted in two stages. Stage 1 was the deter-
mination of the BMLD using a 2AFC 2-down and 1-up adaptive psycho-
physical method. This procedure yields a 71% correct detection at the
masked threshold (Levitt, 1971). Thresholds for the six signal frequen-
cies were obtained for the NOSO and NOS« conditions at each spec-
trum level of the noise. Each trial consisted of two presentations of a
500-msec noise with a feedback light following the subject’s response.
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The 300-msec signal, when it occurred, was temporaily located in the
center of the noise burst. The signal was presented, at random, in one
of the two listening intervals. The suprathreshold starting level of the
signal was chosen randomly for each run. The signal decreased or in-
creased in 3-dB steps until the third turnaround and in a 1-dB step there-
after. Final masked threshold was based on the mean of three runs, with
the threshold estimate for each run in turn determined by averaging the
signal level associated with the last six turnarounds. A practice run
preceded each block of three runs.

Stage 2 was a loudness-matching procedure using a variation of the
classical method of adjustment. Each trial consisted of a 1,500-msec
noise burst and two signals. The first signal, the standard, was always
a 300-msec, 1000-Hz in-phase sinusoid. It was pulsed on 300 msec af-
ter the noise onset. The second signal, the comparison signal, followed
the standard by 300 msec. The noise terminated 300 msec after the com-
parison signal. The comparison signal was, for each run, either inter-
aurally in-phase (0°) or 180° out-of-phase, and was one of the six fre-
quencies used in Stage 1. The subject’s task was, on each trial, to adjust
the level of the comparison signal in 1-dB steps by pressing one of two
buttons. Once the level of the comparison approached the point where
it was perceived as equal in loudness to the standard, the subject was
instructed to bracket the ‘‘equally loud point.”” As in the BMLD study,
the mean of each run was based on the last six turnarounds generated
by the bracketing procedure. The final loudness level was based on the
estimates from three runs. The standard had a sensation level of 10,
20, or 30 dB relative to the subject’s 1000 Hz in-phase masked threshold
obtained in Stage 1.

RESULTS

Figures 1 and 2 show the results for each subject. In
both figures, filled symbols represent the signal level, in
decibels SPL, for the NOS# condition. The open sym-
bols are the signal levels in SPL for the NOSO condi-
tions. The disparity between symbols of the same shape
reflects the difference in signal level (dB SPL) when SO
and St were equally loud. The differences at 0 dB SL
reflect both equal loudness and the BMLD obtained in
Stage 1.
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Figure 1. Equal-loudness contours as a function of signal frequency
in the presence of a 30-dB-spectrum-level noise. Filled symbols
represent the Sx signals; open symbols are SO signals. Signals
represented by the same-shape symbols are equally loud and have
the same loudness as the standard. Inverted triangles, standard 20 dB
SL; upright triangles, standard 10 dB SL; circles, BMLD data. Sub-
ject D.S.
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Figure 2. Equal-loudness contours as a function of signal frequency
in the presence of either a 15- or 30-dB spectrum-level noise. Filled
symbols represent the S= signals; open symbols are SO signals. Sig-
nals represented by the same-shape symbols are equally loud and
have the same loudness as the standard. Inverted triangles, stan-
dard 20 dB SL; upright triangles, standard 10 dB SL; circles, BMLD
data. Subject K.V.

The data shown in the figures clearly reveal that the
S signal loses its effectiveness as its level increases to
suprathreshold values. For example, at 0 dB SL, the SO
and S signals are equally loud (because both have been
matched in loudness to the standard) even though they
differ considerably in intensity (dB SPL). At
suprathreshold levels, however, when the two signals have
the same loudness, the effect of the interaural phase shift
of the S signal has diminished. In the latter condition
the S signal must be increased in level to be perceived
as equal in loudness to the standard and, therefore, also
equal in loudness to the SO signal. For example, when
the comparison signal, either SO or S, is matched in
loudness to the standard, each comparison signal has the
same intensity level when the standard is 20 dB SL.. In
sum, the interaural phase shift of the signal, which yields
the decrease in signal threshold for BMLD conditions,
systematically loses its effectiveness as the signal levels
increase above masked threshold.

DISCUSSION

As noted in the introduction and as demonstrated in the results, the
antiphasic condition leads to a distinct improvement in detectability. In
addition, there are the extant data which show that the NOS« condition
also reduces the frequency difference limen and improves identifica-



tion (e.g., Gebhardt & Goldstein, 1972; Licklider, 1948). A plausible
hypothesis to explain the current data, and the discrimination and iden-
tification results, begins by considering the neural output from each coch-
lea as a function of the NOSO and NOS= conditions. In the following
discussion, it is assumed, quite logically, that the rare of neural activity,
at masked theshold, is different for the homophasic and antiphasic con-
ditions. The antiphasic condition, because of the decreased signal level,
produces a lower rate of neural activity than does the homophasic con-
dition.

Consider now the NOSx condition at masked threshold. It is hypothe-
sized that the neural firing pattern from each ear produces an interaural
temporal ‘‘disparity’’ at a central location. The temporal disparity is
the difference in the neural firing patterns received from each cochlea.
The disparity is processed by higher neural centers and promotes the
lower behavioral thresholds and improved discrimination and identifi-
cation. It is further suggested that, at masked threshold, the critical band
at each ear integrates the noise and the antiphasic signal. The output
of the integration is sent to the central auditory processor (i.e., medial
superior olive) as a neural pattern of activity containing temporal infor-
mation. The temporal neural pattern coming from each critical band
is constantly changing as a function of the interaural variability inher-
ent in the noise and signal. Therefore, the disparity is also changing
continuously in time. At low S/N ratios, then, the disparity is predominant
at the central processor and the behavioral thresholds are improved.
However, when the antiphasic signal is suprathreshold (S/N ratio in-
creases), the signal effectively ‘‘swamps’’ the noise components within
the critical band and the integration becomes weighted toward the sig-
nal. The overall rate of neural firing becomes the principal factor in
detection, discrimination, identification, and loudness. In this latter case,
temporal disparity reverts to a minor role. In sum, at suprathreshold,
when the signal dominates, the noise components are effectively removed
as part of the temporal pattern and the disparity is reduced. Even though
the suprathreshold Sx signal produces temporal pattern differences (as-
suming the signal is phase-locked), the disparity is less variable and the
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overall rate of neural activity becomes the salient feature in the neural
processing. The result is that at suprathreshold levels the auditory sys-
tem uses the overall rate of neural activity to determine behavioral
thresholds and to make loudness matches. In the NOSO condition, on
the other hand, behavioral thresholds and loudness matches can be based
only on the overall rate of activity; there is no temporal disparity be-
tween the two cochlear inputs to the central processor. Finally, when
the rate of firing in the NOS~ condition is equivalent to the rate of fir-
ing in the NOSO condition, the behavioral thresholds and loudness are
the same. The shift from disparity to rate is complete when the signal,
in the NOS« condition, approaches 20 dB SL.
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