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Tone-on-tone binaural masking with an antiphasic masker*
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One pure tone (500 Hz) was used to mask another pure tone of the same frequency and duration. The signal and
masker were presented in three binaural stimulus configurations, Mo-So, Mo-Sr, and M= -So. The Mo-So condition isa
diotic condition; the Mo-S» condition is a dichotic condition in which the masker is homophasic and the signal is
antiphasic; and the Mn-So condition is a dichotic condition in which the masker is antiphasic and the signal
homophasic. The signal-to-masker ratio required for detection was measured in each condition as a function of the
signal-plus-masker phase angle, a. The data showed that the difference in detection between the Mo-Sr and M#-So
conditions varied between 0 dB when & = 0 deg and 11 dB when « = 90 deg. The difference in detection between the
Mo-Sx and Mn-So conditions is due to the Os’ sensitivities to the interaural phase difference present in the Mo-Sr and
Mn-So conditions. The results are similar to those obtained in investigations involving lateralization. The difference
between detection in either the Mo-Sz or Ma-So condition and that in the Mo-So condition (the MLD) was variable due

to differences in the Os’ sensitivities in the Mo-So condition.

In 1948, Hirsh observed that the detectability of a
sinusoidal signal masked by a random noise was greater
for certain dichotic stimulus configurations than for
diotic configurations. This difference in detectability is
now called the masking-level difference (MLD), and it
has received considerable experimental attention (see
Green & Henning, 1966; and Green & Yost, in press, for
reviews). In the basic dichotic paradigms, a signal is
added to a masker at one ear differently than it is added
to the masker at the other ear.

Two of these dichotic conditions are the Mo-Sw and
Mn-So conditions. In the Mo-Sw condition, the maskers
are presented identically to both ears and the signal is
added to the masker 180 deg out of phase at one ear
relative to the other ear. In the Mm-So condition, the
masker is presented at one ear 180 deg out of phase
relative to the other ear and the signal is added to the
masker identically at both ears. Shown in Fig. 1 are
vector diagrams representing the addition of the signal to
the masker in these two dichotic conditions as well as in
the diotic condition, Mo-So (the signal and maskers
presented identically to both ears).

For both the Mo-Sm and Mn-So conditions, there are
differences in interaural amplitude (Rg >Ry) and in
interaural phase (§ = 0 — 0y, > 0). These differences
are not present in the Mo-So condition (Rg = Ry, and 6
=0). The signal-plus-masker phase angle, a, allows one to
control the interaural amplitude and interaural phase
differences. In both the Mo-S7 and M#-So conditions,
the interaural amplitude difference decreases from a
maximum at o = 0 deg to 0dB at o = 90deg. The
interaural phase difference increases from 0 deg at a =
0 deg to a maximum at & = 90 deg. If the masker is a
random noise and the signal a tone, the signal-plus
masker phase angle is a random variable. Thus, one
cannot control the interaural differences in experiments
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involving noise maskers and tonal signals. Many
investigators (see Yost, 1972, for a review), however,
have used a tonal masker and tonal signal of the same
frequency and duration in order to control « and to
study the interaction of the interaural amplitude and
phase differences in binaural masking.

In all experiments, whether or not the maskers and
signals are coherent, there are differences of interaural
phase and of interaural amplitude in the Mo-Sz and
Mn-So conditions, and there are no interaural differences
in the Mo-So condition. The various models of binaural
masking (Durlach, 1972; Jeffress, 1972; Osman, 1971;
Yost, 1971; Hafter & Carrier, 1970) assume that in any
experiment the MLD is a function of one or both of
these interaural differences. However, in the Mo-Sm and
Mn-So conditions, the absolute values of the interaural
amplitude difference and the interaural phase difference
are the same. That is, the amplitudes at the right ear
(Rg) in both conditions are equal, as are the amplitudes
at the left ear (Ry). The resultant phase at the right ear
(Or) has the same absolute value in both conditions as
does the absolute value of the resultant phase at the left
ear (0). The only difference, therefore, between the
Mo-Sm and M#-So conditions is that the interaural phase
difference (#) in the Mz-So condition is equal to 180 deg
minus that same phase difference (180 deg — ) in the
Mo-Sx condition (see Fig. 1).

This means that in the Mo-Sm condition, the O is
detecting the difference between a stimulus presented
with no interaural differences (masker) and a stimulus
presented with an interaural amplitude or interaural
phase difference (signal plus masker). In the Mn-So
condition, the absolute values of the interaural
amplitude and phase differences (signal plus masker) are
the same as in the Mo-Sm condition except that the
discrimination is between these differences (signal plus
masker) and a stimulus presented with a 180-deg
interaural phase difference (masker).

Thus, any model based only on the absolute value of
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Fig. 1. The schematic diagrams representing the vectoral
addition between the signal (S) and the masker (M) in three
interaural configurations, Mo-So, Mo-Sw, and Mn-So. « is the
phase angle of addition between the signal and masker, Ry, and
Ry are the resultant amplitudes at the left and right ears,
tespectively, and 0y, and 6 are the resultant phase angles in
each ear. The interaural phase difference is ¢ where 9 =6 — 61,

the interaural differences would predict that detection in
both the Mo-Sm and M#-So conditions would be the
same. Many investigators (see Durlach, 1972, for a
review) have shown that for a wide-band noise masker
and a tonal signal there is as much as a 7-dB difference in
the signal level required for detection between the
Mo-S7 and Mn-So conditions. That is, the signal is 7 dB
easier to detect in the Mo-Sz condition than in the
Mz-So condition. Therefore, the models must assume
that the difference in detection is based on the 180-deg

relative phase difference between the Mo-Sm and Mn-So
conditions.

In most models of binaural masking, a parameter can
be or has been included which helps the models account
for the difference in detection between the Mo-Sm and
Mn-So conditions. However, neither the models nor the
results of other experiments state explicitly which
interaural difference, amplitude or phase, is primarily
responsible for the difference in detection between the
two conditions. It is clear that the 180-deg relative phase
difference between these two dichotic conditions must
be responsible for the difference in detection. However,
it is not clear which interaural difference, amplitude or
phase, interacts with the relative phase difference to
account for the difference in detection between the
Mo-S7 and M#-So conditions.

Therefore, it is the aim of the present study to
attempt to determine which interaural difference is
responsible for that difference in detection. Since a
tone-on-tone binaural masking paradigm allows one to
control the phase angle of addition and hence the
interaura) differences, a tone-on-tone masking procedure
was used to investigate the difference in detection
among the Mo-Sw, Mn-So, and Mo-So conditions.

METHOD

All data were obtained in a two-alternative, temporal
forced-choice (2ATFC) paradigm. The trial sequence consisted
of a warning period, a pause, an observation interval, a pause, a
second observation interval, a respouse interval, and a feed-back
interval. The warning period was marked for the listener by a
light, and feedback lights indicated to the listener which interval
contained the signal plus masker. No lights marked the
observation intervals (see Yost, 1970).

During each observation interval, a 350-msec 500-Hz masking
tone was gated with a 10-msec rise and decay time. The masker
was presented with an intensity of 70 dB SPL. During one of the
two observation intervals, a test signal of the same frequency,
duration, and rise-decay time was added to the masking tone at
one of the phase angles of addition (a): 0, 45, and 90 deg. The
signal plus masker was presented either in the Mo-Sx or in the
M=-So configuration (Fig. 1). In the Mo-So condition, only an «
of 0 deg was used. The probability that the signal was added to
the masker in the first observation interval was equal to that for
the second interval. During any one block of the experiment, the
O was presented only one combination of phase angle of
addition and interaural stimulus configuration.

Three experienced Os (D.W.N., W.AA.Y., and D.C.T.) with
clinically normal hearing participated in the experiment. Two
levels of the test stimulus were used for each combination of
interaural condition and phase angle of addition. A minimum of
300 trials was run for each stimulus cambination. For each tevel
tested, a percent correct, P(C), was obtained from the equation:

P(C) = [P(1 | )+ P(211D]/2, (1)

where P(1 | 1) is the proportion of times per 100-trial block the
O correctly detected the signal plus masker in the first interval,
and P2 |ID) is the proportion of correct detections in the
second interval. Two points on the psychometric function were
thus obtained for each stimulus combination presented in the
experiment.

Puring training on each inferaural condition, the Os were told
to use the feedback lights to help them learn to make decisions.



For the Mo-So conditions, they were instructed that their task
would perhaps be to determine in which of the two intervals the
tone sounded ‘“louder.” In the Mo-Sx and M=-So conditions,
they were told that their task could be to decide in which
interval the tone sounded “off-center.” In all dichotic
conditions, the ear which led in phase and had the greater
amplitude was the right ear.

‘All phase angles were measured at the electrical inputs to the
TDH-39 headphones. Interaural phase relations were measured
by observing the Lissajous figure produced on an oscilloscope.
Phase angles of addition were calibrated by measuring voltage
changes at the headphones when the signal was added to the
masker.

For each O and for all conditions, a psychometric function of
the form d' = m(S/M)X (Egan etal, 1969) was fitted to the
two-point psychometric function obtained from data. In the
equation, d’ is a criterion-free measure of the O’s performance,
and m and k are constants. The values of m and k leading to the
best fits were used to compute the values of 20 log S/M required
for P(C)s of 75%.

RESULTS
The data for each of the three Os are plotted in Fig. 2

as the signal-to-masker ratio required for 75% correct
detection as a function of the phase angle of addition, «.
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Fig. 2. The values of 20 log S/M required for 75% correct
detection plotted as a function of the signal-plus-masker phase
angle, . The three interaural conditions, Mo-So (e o),
Mo-S« (o o), and M#-So (X X), are the parameter on
the curves. The three different figures are for the three Os
(D.W.N., WA.Y., D.C.T.). The curve labeled Mo-So is an
equal-intensity curve derived from the a = 0 deg condition (see
text).
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Fig. 3. The average data plotted as 20 log S/M required for
75% correct detection vs the signal-plus-masker phase angle. See
Fig. 2 for a description of the parameters.

The three interaural conditions, Mo-So, Mo-Sw, and
Mn-So, are represented as the parameters on the figure.
The curve drawn for the Mo-So condition is derived by
computing the signal-to-masker ratio as a function of «
when the resultant signal-plus-masker amplitude is held
constant at the value obtained when a = 0 deg. That is,
the curve represents a constant amplitude curve for the
resultant amplitude as a function of «. In the Mo-So
condition, the only cue for detection is the amplitude
difference between the signal-plus-masker stimulus and
the masker stimulus. The signal-to-masker ratio must
increase as « increases if this amplitude difference is to
remain constant.

The average data for the three Os are shown in Fig. 3.
The average values of the interaural intensive difference
(20 log Ry /Ry,), the interaural phase difference (@ =
6. —0g), and the MLD (the difference in decibels
between the signal-to-masker ratio obtained in either the
Mo-Sm or Mn-So conditions and that obtained in the
Mo-So condition) are shown in Table 1. These values are
shown for each of the three as and for the Mo-S# and
Mn-So conditions. No values are shown at o = 0 deg in
the interaural phase row, since at o =0 deg the interaural
phase difference is always zero. No values are shown in
the interaural intensity row at o =90 deg, since the
interaural intensity difference is always zero at
a =90 deg.

DISCUSSION
The data in Figs. 2 and 3 show that the difference in

detection between the Mo-Sr and Mm-So conditions
increases as « increases. Since the interaural phase
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Table 1
Average Values of the Interaural Intensive Difference (20 Log Rg/Ryp), the

Interaural Phase Difference (0

= g1, — 6R), and the MLD*

20 Log RRy/Ry, ] MLD
o= Mo-Sn Mn-So Mo-Sn M#-So Mo-Sn Mn-So
0 Deg 0.81dB 0.80 dB - - -5.0dB -4.5dB
45 Deg 043dB 0.73dB 6 Deg 10 Deg 1.0dB -4.0dB
90 Deg - - 8 Deg 27 Deg 14 dB 4 dB

*MLD is the difference in decibels between the signal-to-masker ratio obtained in either the Mo-Sm or Mn-So condition and that
obtained in the Mo-So condition. No values are shown at « = 0 deg in the interaural phase column, since at o = 0 deg the interaural
phase difference is always zero. No values are shown in the interaural intensity column at o = 90 deg, since the interaural intensity

difference is always zero at o = 90 deg.

difference is also increasing as o increases, the data
suggest that it is the interaural phase difference which is
responsible for the difference in detection between the
Mo-Sm and Mn-So conditions.

At a=0deg, there is only an interaural intensive
difference present in both the Mo-S7 and Mn-So
conditions, and there is no difference in detection
between the two conditions. Thus, the interaural
intensive difference in both conditions is the same,
0.8 dB. At a =90 deg, there is only an interaural phase
difference in both conditions. In the Mo-Sm condition,
the signal-to-masker ratio required for detection was
—22 dB, whereas in the Mn-So condition, it was —11 dB.
These values yield an 8-deg interaural phase difference in
the Mo-Sm condition and a 27-deg interaural phase
difference in the M7-So condition. Therefore, there is an
11-dB difference in signal-to-masker ratio or a 19-deg
difference in interaural phase between the Mo-Sm and
Mn-So conditions.

These types of differences have also been observed in
the Ilateralization experiments of Hershkowitz and
Durlach (1970) and Yost (in press). In both
experiments, Os were presented two stimuli in a lateral
discrimination task. One stimulus, the standard, was
presented with an interaural phase difference; the other
stimulus, the test, was presented with this same
interaural phase difference plus either an interaural
intensive difference (Hershkowitz & Durlach’s study) or
an additional interaural phase difference (Yost’s study).
The investigators could then measure the amount of
interaural phase or interaural intensive difference
required for detection as a function of the interaural
phase difference of the standard. Both interaural
differences move an image in lateral space. Thus, these
studies investigated the amount of interaural phase or
intensity required to move a lateral image a detectable
distance provided that an image was in a particular
location due to the interaural phase difference of the
standard.

The stimulus conditions of the present study are
identical to those used in the Hershkowitz and Durlach
(1970) and the Yost (in press) investigations. That is, the
masker when presented alone is the standard, and the
signal plus masker is the test. The difference between the
Mo-Sm and Mn-So conditions is that the interaural phase

difference of the masker (standard) is changed from 0 to
180 deg. At a=0 deg, in both the Mo-Sm and Mz-So
conditions, the signal-plus-masker condition is similar to
the Hershkowitz and Durlach condition in that there is
only an interaural intensive difference added to the
interaural phase difference of the masker. In botn the
present study and that of Hershkowitz and Durlach, the
value of the interaural intensive difference remained at
approximately 0.8 dB, independent of the interaural
phase difference of the standard (masker). At
a=90deg, in both the Mo-Sz and Mn-So conditions,
there is a similarity between the stimulus in this study
and that in Yost’s experiment in that only an interaural
phase difference is present. In Yost’s study, the
interaural phase difference of the test increased from 4
to 15deg as the interaural phase difference of the
standard increased from 0 to 180 deg. This same 3.5-fold
increase was observed in the present study between the
Mo-S7 and Mz-So conditions at o= 90 deg. However, in
this study, the Os were less sensitive to the interaural
phase difference. They required 8 deg for detection in
the Mo-Sr condition and 27 deg in the Mn-So condition.

Yost (in press) observed that, as the interaural phase
difference of the standard increased from O to 180 deg,
the lateral image moved from midline toward one ear.
Thus, the data of the two lateralization studies and the
present masking investigation suggest that as a lateral
image moves toward one ear, the amount of interaural
intensity required to move the image an additional
detectable distance remains the same, while the
interaural phase difference required for the lateral
discrimination increases.

In the present study, there is a condition in which
both an interaural intensive and an interaural phase
difference exist when the signal plus masker is presented.
At a =45 deg in the Mo-Sr and Mn-So conditions, both
interaural differences are present. Hafter and Carrier
(1970) and Yost (1971) have proposed a lateralization
model to describe the interaction of both interaural
cues:

Ala 4 Aba
Alref A0 ref =1 )
where Al ref is the interaural intensive reference



condition, Af ref is the interaural phase-reference
condition, and Ale and Afc are the amounts of
interaural phase and intensity obtained for any value of
a. The Al ref is estimated at « = 0 deg (only an
interaural intensive difference exists) and A8 ref at
a =90 deg (only an interaural phase difference exists).

If the values of Al and Ad ref are estimated for the
Mo-S7 condition, then at a = 45 deg, Eq. 2 equals 1.1.
For the Mn-So condition, when Al ref and AT ref are
estimated, Eq. 2 equals 1.2 for the a = 45 deg condition.
Thus, given that the reference conditions are estimated
for both the Mo-St and Mn-So conditions, the
lateralization model provides a good account of the data
at a = 45 deg. That is, the two interaural differences of
time and phase add linearly, as in Eq. 2, independent
of the interaural phase difference of the masker
(referent).

The Mo-So condition enables one to estimate the
amount of release from masking, or the MLD, obtained
in the Mo-S7 and Mn-So conditions. The average values
for the MLDs are shown in Table 1, but as can be seen in
Fig. 2 there are significant individual differences. The
variability in the MLD across Os is due primarily to the
differences in detection in the Mo-So condition.

In the Mo-So condition, O is detecting the monaural
change in intensity between the signal plus masker and
the masker (Al). At a=0deg, Os D.W.N. and WAY.
required approximately 0.7 dB for Al, while D.C.T.
required 0.2 dB. Since the entire Mo-So function is
derived from the data at a =0 deg, the Mo-So function
of D.C.T. is quite different from D.W.N.’s or W.AY.’s.
Such variability in the Mo-So condition has been
observed by Robinson, Langford, and Yost (1974).

A change of 0.5 dB in Al across Os does not seem
excessively large. However, when one computes the
MLDs, one needs to obtain the signal-to-masker ratios,
not AL The 0.5-dB difference in the Al results in an
11-dB difference in signal-to-masker ratio. Thus, the use
of the signal-to-masker as a measure of Al tends to
amplify the differences among Os and thus the variability
in the MLDs.

Although a general conclusion regarding the MLD is
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difficult to make in this study, the data do allow some
conclusion about the difference in detection between
the Mo-Sw and Mn-So conditions. The difference in
detection between the Mo-Sm and M#-So conditions is
due primarily to the O’s insensitivity to the interaural
phase difference in the Mn-So condition.
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