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Masking of the signal for lateralization of tones

W. A. WILBANKS
University of Georgia, Athens, Georgia 30602

Elliott and Wilbanks (1980) have shown that when listeners attempt to localize a tone in
noise, the ‘‘signal” for lateralization is the change in the interaural phase between tone plus
noise and the interaural phase of the noise alone. This *‘signal”’ can be masked by increasing the
level of the noise and by reducing the interaural correlation of the noise. Data are presented
showing how the masking of the signal for lateralization varies as a function of noise correlation
and tone frequency. The results are interpreted in terms of the vector model of detection and

localization.

When listeners attempt to localize a tone in noise,
the “signal” for localization is the change in the inter-
aural phase between the signal plus noise at the two ears
and the interaural phase of the noise alone. Elliott
and Wilbanks (1980) have shown that this signal can be
masked, resulting in a decrement in lateralization per-
formance, by increasing the level of the noise and, more
dramatically, by reducing the interaural correlation of
the noise. In that study, a 250-Hz tone was presented
binaurally at a level of 74 dB SPL. A wide-based noise
was presented at two overall levels, +64 dB and +84 dB
SPL. The interaural correlation of the noise was varied
between unity and zero. With an 84-dB noise, the
interaural phase difference for 85% correct lateraliza-
tions was found to increase from about 7 deg to 21 deg
as the noise correlation was reduced from unity to zero.
Although the same trend was evident in the low-noise
condition (64 dB), the effect of reducing noise correla-
tion was considerably less. In this condition, the inter-
aural phase difference for 85% correct choices increased
from about 5 deg to 10 deg as the noise correlation was
reduced from unity to zero. Under conditions presumably
minimizing the effects of noise, Zwislocki and Feldman
(1956) found that interaural phase differences on the
order of 2 deg can be detected as a shift in the location
of the sound image. It would appear that the low-level
correlation noise used by Elliott and Wilbanks (1980)
only slightly masked the signal for laterlization. In the
present study, we extend our earlier work on the mask-
ing of the signal for lateralization of tone to a wider
range of tonal frequencies.

METHOD

Three tonal signals were used: 500 Hz, 750 Hz, and 1,000 Hz.
Each tone was presented binaurally to the listener at a level of
74 dB re. .0002 microbar. The interaural phase of the tone was
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varied using a Grason-Stadler phase shifter. The interaural phase
value for a given condition was determined by measuring the
corresponding interaural time difference with an Atec electronic
counter. The duration of the tone (150 msec) was controlled by
an electronic clock that triggered a Grason-Stadler switch, gating
the tone with a 10-msec on-off time. The level of the signal
was measured across the subjects’ earphones (TDH-49) with a
true-RMS voltmeter and a wave analyzer.

Each experimental session consisted of 100 two-alternative
forced-choice trials. The sequence of events within each trial
was: (1) warning interval, 100 msec, (2) pause, 800 msec,
(3) first observation interval, 150 msec, (4) pause, 800 msec,
(§) second observation interval, 150 msec, and (6) response
period, 2 sec. The occurrence of the warning and observation
intervals was marked for the observer by lights. The leading
channel of the output of the phase shifter was electronically
commutated so that it could be presented to either the left or
right ear. Two types of trials occurred during each 100-trial
session: Type 1-(a) signal leading in phase at the left ear during
the first observation interval, (b) signal leading in phase at the
right ear during the second observation interval. A Type 2
trial consisted of the reverse sequence of events. After each
trial, the observer’s task was to state which type of trial had
occurred. The a priori probability of each type was .50.

The signals were presented in a background of wide-band
noise, cut off at the lower end by response of the earphones
and at the upper end by a 3,000-Hz low-pass passive filter. The
noise was presented at an overall level of +84 dB SPL re.
.0002 microbar. Two noise generators were used to obtain noise
with positive interaural correlations of +1.00, +.87, +.50, +.22,
and zero. The perfect positive correlation (NO) was achieved by
using a single noise source for both ears. The zero correlation
(NU) was achieved by using independent noise generators, one
for each ear. Interaural correlations between unity and zero were
obtained by mixing the outputs of the two noise sources in the
channel to one ear, the noise at the other ear being supplied by
only one of the generators. In this case, the interaural corre-
lation is given by: r* = eg?/ee? + ey?), where e, is the RMS
voltage common to both ears, and e,, is the RMS voltage of the
noise unique to one ear. The values of e,? and (e.* +e,?) for
any given correlation were equal. This way of varying interaural
correlation has been thoroughly discussed by Jeffress and
Robinson (1962) and Licklider and Dzendolet (1948).

Four observers were used. Since all had had considerable
experience with detection and lateralization tasks, no special
instructions were required, and no system of trial-by-trial feed-
back was used. The observers were sufficiently trained so that no
correction for response bias was required. All listening was done
in standard IAC booths. For each experimental condition, a
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minimum of five values of interaural phase for the 250-Hz tone
were used, and at least 500 forced-choice trials were given for
each value of interaural phase for the tone. From these data,
psychometric functions were obtained relating percentage
correct choices to interaural phase value. From these psycho-
metric functions, the main dependent variable was determined:
the interaural phase for the tone for 85% correct lateralization
choices.

RESULTS AND DISCUSSION

The results are given in Table 1. Here, mean perfor-
mance of the four subjects with 500-Hz, 750-Hz, and
1,000-Hz tones are shown as a function of noise correla-
tion. Data from our previous study for 250 Hz are
included for comparison (Elliott & Wilbanks, 1980).

As mentioned previously, Zwislocki and Feldman
(1956) found that, under conditions presumably mini-
mizing the effects of nojse, interaural phase differences
for tone on the order of 2 deg can be detected as a shift
in the lateral position of the sound image. Examination
of Table 1 shows clearly that as the level of noise is
increased, the signal for lateralization, interaural phase,
is masked. In order to maintain a constant level of
lateralization performance, the interaural phase for tonal
signals between 250 Hz and 1,000 Hz must be increased.
With a noise correlation of unity, average interaural
phase difference in degrees for 85% correct lateraliza-
tion judgments must be increased to approximately
7 deg for a 250-Hz signal, 8 deg for the 500-Hz signal,
10 deg for the 750-Hz signal, and about 14 deg for a
signal of 1,000 Hz. As the correlation of the noise is
reduced from unity to zero, the masking of the “signal”
for lateralization dramatically increases for all tonal
frequencies employed. This masking effect is more
pronounced as the frequency of the signal is raised for
all values of noise correlation.

These results clearly show that when a listener
attempts to lateralize a tonal signal in a background of
noise, two of the dominant variables determining the
detectability of the signal for lateralization, interaural
phase or time difference, are signal frequency and the
interaural correlation for the noise.

Elliott and Wilbanks (1980) argued that the vector
model of binaural detection proposed by Jeffress pro-
vides a convenient means of explaining the signal and
noise interactions as to their effects on lateralization

Table 1
Average Interaural Phase Difference (in Degrees) for
85% Correct Lateralization Judgments

Tone Frequency (in Hertz)

Noise
Correlation 250 500 750 1000
+1.00 7 8 10 14
+ .87 10 11 13 16
+ .50 17 18 20 22
+ .22 18 20 24 28
.00 21 24 26 29
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performance (Jeffress, 1964, 1972; Jeffress, Blodgett,
Sandel, & Wood, 1956; Sandel, Teas, Fedderson, &
Jeffress, 1955; Jeffress, Note 1). We are still of the
same opinion.

The model begins with an examination of the sta-
tistics of the noise. The band of noise that masks the
tone can be described as a sinusoid that varies slowly in
phase and in amplitude (monaural critical band), to
which a signal of constant amplitude is added in random
phase. The addition of the signal yields a signal-plus-
noise resultant that will, in general, differ in phase from
the original noise, sometimes advancing and sometimes
retarding the noise in phase. If an out-of-phase signal is
presented binaurally in a background of correlated
noise, there will be an interaural phase difference between
the signal plus noise and the noise alone. The size of the
interaural phase shift will be determined, among other
things, by the level of the signal relative to the level of
the noise for any given phase relation at addition (i.e.,
signal-to-noise ratio, the interaural phase difference of
the signal, and the correlation of the noise). Jeffress’
model proposes that the basis for improved detection
under conditions in which MLDs are obtained is the
change in the correlation between the stimuli at the two
ears when the signal is added to the noise. Even when a
tone is completely detectable, as in the present study,
the signal and noise must interact in a similar fashion.
The lateral position of a low-frequency tone can be
expected to depend on the phase relationships of the
signal-plus-noise resultants at the two ears when the
signal is added, rather than on the phase difference of
the tone alone. In general, the higher the signal-to-
noise ratio, and the larger the noise correlation, the more
lateralization performance will depend upon the inter-
aural phase of the tonal signal.

To summarize, if a tonal signal is presented in a back-
ground of noise, the listener must determine the lateral
position of the signal-plus-noise resultant. With a tone of
fixed intensity, the important variables determining
lateralization performance are (1) interaural phase of
the tone, (2)tone frequency, (3) signal-to-noise ratio,
and (4) noise correlation. If a very low level of corre-
lated noise is present, the interaural phase of the signal-
plus-noise resultant is determined primarily by the
interaural phase of the tone. As the correlation of the
noise is reduced from unity, the interaural phase of the
tone must be increased in order to maintain a given level
of lateralization performance. If a high level of corre-
lated noise is present, the interaural phase of the tone
must be significantly increased to maintain a constant
level of performance. As the correlation of the noise is
reduced, again, the interaural phase of the signal must be
increased.
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