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Abstract—This paper reviews three types of psychophys-
ical experiments conducted in the author’s laboratory,
aiming at understanding interaural-time-difference (ITD)
processing in the human auditory system. The first ex-
periment, on the basis of the signal detection theory, in-
dicated that the process for ITD is different between high
and low frequency regions: In the low frequency regions,
there are partially independent processes for ITD and ILD
(interaural level difference), whereas in the high fre-
quency regions, a common mechanism likely processes
the two cues. The second experiment was concerned with
the hierarchy of ITD information processing and the
temporal limit that a mechanism at each level of pro-
cessing can track changes in ITD. The results indicated
that the ITD processor can track changes in ITD up to a
rate of 20 Hz and that the loss of tracking ability of the
auditory system for a rate slower than that is attributable
to a higher level mechanism, which might include a pro-
cess which integrates ITD and ILD information. In the
third experiment, listeners were trained in a pitch dis-
crimination task. The task required the listeners effec-
tively use the information of temporal fine structure of the
stimuli, the information being critically important also in
ITD processing. The pitch training deteriorated the lis-
teners’ performance in the (untrained) ITD discrimination
task. The result implies that the pitch and ITD processes
compete with each other for limited neural resources.
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Fig. 1. Illustration of the working model used for evaluating cue
interaction [4]. The model assumes channels for ITD and ILD
processing, that overlap each other to various degrees. Each
channel has internal noise, which is added to the signal that is
related to cue strength. The magnitudes of the internal noise and
the signal in the ITD and ILD channels depend on the input ITD
and ILD, respectively. The outputs from the channels are added
linearly. The decision device was assumed to base its judgments
on changes in the weighted linear sum. It was also assumed that
the weights on the channel outputs are chosen to optimize the
performance. a. An extreme case in which the two channels are
completely independent. Each of the channels has independent
noise sources. In this case, the dimensions for ITD and ILD are
thought of as orthogonal, and the d’ value for simultaneous and
consonant changes of ITD and ILD would be the root mean
square sum of the d’ values for individual changes. b. The two
channels partially overlap. Fractions of the signal and the noise
in one channel are added mutually to the other channel. The de-
gree of channel overlap can be expressed as the angle of the ITD
and ILD dimensions, € (see the vector diagram of solid-line ar-
rows). The cos & value is equal to the correlation coefficient p
for the noise at the outputs of the two channels. c¢. ITD and ILD
information is combined linearly in a single channel, in which
the common internal noise is added to the signal. Equivalently,
ITD and ILD are represented by a single dimension. The d’ val-
ue for combined ITD and IID changes is the simple sum of the
d’ values for individual changes.
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Fig. 2 The p values estimated for the three stimulus types. For
each stimulus type, individual p estimates for 4 AITD/AIID
combinations and 2 ITD/IID change directions are shown by the
symbols. A bar indicates the mean of the eight p estimates. The
10, 25, 50, 75, and 95th percentiles of the p estimates pooled for
all listeners and conditions are shown by the box-and-whisker
plots.
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Fig. 3. The d' for detecting ITD and/or ILD modulations. The
data are sorted according to the modulation rate (horizontal axis)
and the relative phase of the ITD and ILD modulations, when
the ITD and ILD were modulated simultaneously (connected
symbols; relative phases of 0, 90, 180, and 270 degrees from left
to right at each rate). Cases with statistically significant effects
of relative phase are marked with asterisks above the plots
(one-way repeated measures ANOVA; *: p <0.05; **: p <0.01;
and ***: p < 0.001). The gray curve with each listener and rate
is a cycle of sinusoid fitted to the mean data across the combi-
nations of AITD and AILD.
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Fig. 4. Comparisons of post-training and pre-training thresholds.
Filled and open symbols indicate thresholds obtained 1 week
and 1 month after the pitch training, respectively. Each symbol
represents one listener.
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