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Human listeners are extraordinarily sensitive to a transient break
in interaural correlation (calledbinauralgap). In this study, a binaur-
al gap embedded in interaurally correlated noise markers elicited
marked scalp event-related potentials (ERPs). ERPs to the binaural
gap in narrowband noise with the center frequency of 1600Hz
were signi¢cantly weaker than those for narrowband noise with
the center frequency of 400 or 800Hz. Introducing the interaural

time di¡erence (ITD) of 4msweakened the ERPs for either 400-Hz
or 800-Hz noise. Introducing the ITD of 2ms, however, only wea-
kened the ERPs for 800-Hz but not 400-Hz noise. Thus central
representations of a transient break in interaural correlation for
narrowband noises are a¡ected by both frequency and ITD.
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Introduction
The interaural correlation of a sound is the correlation
between the sound waveform presented to the left ear and
the sound waveform presented to the right ear after one
waveform is shifted in time to maximize the correlation [1].
Human listeners are sensitive to small differences between
a noise delivered at one ear and its copy delivered at the
other ear [2–5]. Changing the interaural correlation modifies
many aspects of the sound image inside the head [6,7], such
as the compactness, number, and placement.
In addition to static changes, human listeners are sensitive

to dynamic changes in interaural correlation. They can
detect a transient break in interaural correlation (i.e. a
transient drop of interaural correlation from 1 to 0 and
then return to 1) [2,3]. In this study this dynamic change in
interaural correlation is called binaural gap after Akeroyd
and Summerfield study [2]. Earlier psychoacoustic studies
have shown that both the perceived image width of
interaurally correlated band-limited noise and the sensi-
tivity to either static or dynamic changes in interaural
correlation are frequency dependent [2,6,8,9]. Reports of
neurophysiological responses to the transient break in
interaural correlation, however, have not been found in
the literature. Particularly, it is not clear whether neural
representations of the binaural gap are affected by
frequency.
Moreover, the perceptual integration of interaurally

correlated noise is modulated by the delay time between
the two ears (interaural time difference, ITD). If identical
(correlated) steady-state noises are presented at the two ears
with the ITD of 0ms, a single compact noise image is

perceived at the middle point inside listeners’ head. When a
short ITD, for example, 0.5ms, is introduced, the image
moves to a site between the middle point and leading ear.
When the ITD is increased to 1ms, the image is perceived as
coming from the site of the leading ear. With further increase
of the ITD to a higher value, for example, 4ms, a single-
fused noise image is still perceived as coming from the site
of the leading ear but the image compactness may reduce.
Theoretically, with increasing the ITD from 0ms to a level of
a few milliseconds, listener should have more difficulty to
detect the binaural gap, because the correlation between the
central representation of input at the left ear and that
at the right ear decreases with the ITD increase. The change
in internal interaural correlation should affect the just
noticeable difference in interaural correlation [3–5]. Thus it
is predicted that neural representations of the binaural gap
in humans are affected by ITD.
This study was to examine scalp event-related potentials

(ERPs) to a binaural gap embedded in narrowband-noise
markers when either the central frequency or ITD was
modulated in the range where the perceptual fusion of
interaurally correlated noise markers was retained. Unlike
the Akeroyd and Summerfield study [2] using a constant
absolute bandwidth of 100Hz for noises with various center
frequencies, this study used a constant relative bandwidth
of 1/3 octaves for noises with various center frequencies.

Methods
Twenty-four young university students (18–29 years old,
mean age¼22.1 years, 13 females) with right handedness,
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observed in the amplitude between the ITD condition of
0ms and that of 2ms.
For 800-Hz noise, a one-way within-participants ANOVA

shows that the effect of ITD was significant [F(2, 22)¼15.802,

Po0.001]. Post-hoc paired sample t-tests show that the ERP
amplitude at the ITD of 0ms was significantly larger than
both that at the ITD of 2ms and that at the ITD of 4ms
(Po0.01), but there was no significant difference between
the ITD condition of 2ms and that of 4ms.

When the ITD was 0ms, a paired sample t-test shows
that the ERP amplitude to the binaural gap for 400-Hz noise
was not significantly different from that for 800-Hz noise
(t11¼0.102, P¼0.920). When the ITD was 2ms, a paired
sample t-test shows that the ERP amplitude to the binaural
gap for 400-Hz noise was significantly larger than that for
800-Hz noise (t11¼5.707, Po0.001). When the ITD was 4ms,
a paired sample t-test shows that the ERP amplitude to the
binaural gap for 400-Hz noise was not significantly different
from that for 800-Hz noise (t11¼�0.239, P¼0.816).

Discussion
In this study the binaural gap embedded in interaurally
correlated noise markers elicited a marked N1-P2 ERP
complex. Although for either the left or right monaural
channel, introducing a binaural gap did not change the
spectrum and sound level, the binaural gap-elicited ERP
responses reflect a consequence of ‘pure’ binaural proces-
sing, confirming earlier psychoacoustic reports [2,3]. Our
recent unpublished observations indicate that participants’
expectation to the binaural gap does not elicit the N1-P2
ERP complex. Thus, ERPs to the binaural gap are formed by
a stimulus-driven process.

This study also shows that when the three types of
narrowband noises shared the same SPL, there were no
differences in ERPs to the noise onset. The amplitude of
the N1-P2 complex to the binaural gap in 1600-Hz noise
markers was, however, significantly smaller than that in
400-Hz or 800-Hz noise markers. Thus when no interaural
delay is introduced, the interaural integration for 1600-Hz
noise is weaker than that for 400-Hz and 800-Hz noise.
The results are generally in agreement with the Akeroyd
and Summerfield study [2] showing that the threshold
for detecting the binaural gap in band-limited noise markers
became progressively larger as the center frequency
increased from 250 to 2000Hz. The reduction of perceptual
and neural responses to the binaural gap with the increase
of the center frequency can be partially explained by the
loss of phase locking with the increase of frequency [12] as
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