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This letter makes recommendations on the use of adaptive psychophysics in binaural tasks involving
the detection of interaural delays. Specifically, a logarithmic transformation of the stimulus
dimension is recommended. The bases for this transform are explained. Monte Carlo simulations
and data from human observers show efficient tracking of threshold. © 1995 Acoustical Society of

America.

PACS numbers: 43.66.Yw, 43.66.Pn

INTRODUCTION

The use of adaptive psychophysical techniques in binau-
ral hearing has been limited. In a recent paper, Trahiotis
et al. (1990) outlined some reservations which have fre-
quently been expressed on using these techniques in binaural
hearing, and showed, despite these concerns, a successful use
of the Levitt (1971) up—down method in a masking-level-
difference (MLD) task. The current letter makes recommen-
dations on using adaptive psychophysics in binaural tasks
involving the detection of interaural time differences (ITD).
Of the few studies which have used adaptive tracking of ITD
thresholds, nearly all have used fixed, linear-ITD steps (for
example, 5.8 us originally used by Levitt, 1971; more re-
cently, 20 and 5 us by Trahiotis and Bernstein, 1990). It is
recommended here that the stimulus dimension be logarith-
mically transformed. Such a transformation produces psy-
chometric functions whose slopes are independent of the
subject’s threshold (i.e., they are parallel). This leiter briefly
discusses the advantages of log—tranéformed functions in
adaptive psychophysical measurement.’

. PSYCHOMETRIC FUNCTIONS

The following ideas draw from detection theory as well
as empirical findings on the shape of psychometric functions
{Green and Swets, 1966; Green and Luce, 1975). Figure 1
presents lateralization psychometric functions for one ob-
server (from Saberi and Green, 1994) using a forced-choice
constant-stimulus method. The stimulus on each trial was
selected from a set of about 20 ITD values. All ITDs had
equal a priori probabilities of selection on any given trial.
Performance for each value was pooled across runs of 100
trials. In the left panel, two functions are depicted. Each
function is based on a total of 7000-10 000 trials. The
steeper function shows data for the detection of an ITD in a
500-Hz tone and the shallower function, for a sinusoidally
amplitude-modulated (SAM) tone with a 50-Hz modulation
frequency and a 3.5-kHz carrier. These data may be fitted
with the upper half of the normal probability integral with a
mean of zero and standard deviation of internal [TD noise
equal to o,
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The right panel shows the same data and functions as the left
panel plotted on log-ITD. On a linear interaural-delay scale,
the two fitted functions differ only by a multiple of their
standard deviations:
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This difference is equivalent to multiplying the units of ITD
for cne function by a constant (¢ ~!) in obtaining the other
function. The log transform translates ratios into differences;
thus multiplying o by a constant results in a linear shift of ®,
along the log-ITD axis in obtaining a parallel function ®, by
a magnitude equal to log(c). Since these functions are paral-
lel, they cover the same exact effective range of stimulus
values (values which produce probabilities between 0.55 and
0.95). Given a Gaussian fit, this effective range is about one
log unit.?

The fact that log-transformed psychometric functions
are parallel has ramifications for using adaptive methods for
threshold estimation. The constancy of effective range sug-
gests that a constant step size in log units (e.g., 0.2) will
cover the entire effective range of that function in a fixed
number of steps (e.g., 5), independent of ¢. On linear coor-
dinates, a fixed step size is problematic because the experi-
menter has no a priori knowledge of the slope of the sub-
Jject’s function. Different stimuli may produce functions with
different slopes as in Fig. 1. The choice of a fixed step size in
linear coordinates necessarily depends on the steepness of
the function which the experimenter assumes for that ob-
server. On a log-stimulus dimension, the functions have
identical slopes; thus a fixed logarithmic step size may be
chosen for all such functions.

. MONTE CARLO SIMULATIONS

The detection of interaural delays was simulated for two
hypothetical observers using the two-down, one-up (2D1U)
and three-down, one-up (3D1U) adaptive methods which
track the observer’s 70.7% and 79.4% correct response level
on their psychometric functions. The simulated observers

© 1995 Acoustical Society of America 1803



100 T T T T
| Sog;ig tone =T s J
90 50-Hz SAM -
- at 3.5 kHz
O - 6=360 .
t
& 8o} i
o]
O | i
z
& 70F -
lod
[ R i
a
60 -
L M
50 i I [ | 1
.0 200 400 €00 1000

800

100 1000

ITD (microseconds)

FIG. 1. Lateralization psychometric functions for one subject measured for a 500-Hz tone (steeper function in left panel) and a high-frequency, SAM complex
(shallower function in left panel). The task was the detection of an ITD in a forced-choice design. The solid fits are the upper half of the normal probability
integral. The right panel plots on a log-ITD axis the same data and functions of the left panel.

had 70.7% thresholds of 25 and 600 us, and 79.4% thresh-
olds of 36.9 and 902 us, respectively. Thus observer 1 was
substantially better than observer 2 at detecting interaural
delays. The assumed form of their psychometric functions
was Gaussian with ¢’s of 45 and 1101 us, respectively.

The range of naturally occurring AITDs is approxi-
mately 1300 ws (650 us leading toward each ear) or about
3.114 log ¢ units. A step size of 0.2 log-ITD units was used
up to the fourth reversal, and 0.05 log-ITD units thereafter
(step sizes of 0.2 and 0.05 log units are equivalent to 4- and
1-dB steps for intensive continua). The starting point was
1300 ws. An upper bound of 1300 us was set for the stimulus
range. The first four reversals of each run were eliminated
and a threshold estimate for each run was based on the av-
eraged stimulus value on the remaining reversals.

Five thousand, 100-trial runs were simulated for each
observer using each up—down rule. The results are displayed
in Fig. 2. The top and bottom panels show tracking trajecto-
ries for the 2D1U and 3D1U rules, respectively. The ordinate
represents the averaged stimulus value on each trial. Results
show that with either a 2D1U or 3D1U rule, and a simulated
binaural listener with either a low threshold (observer 1) or a
high threshold (observer 2), the tracking trajectories. reach
asymptote at about 20 to 30 trials.

Figure 3 plots histograms of the 5000 simulated thresh-
old estimates for the 2D1U method. The abscissa is linear-
ITD units in the top panel, and log-ITD units in the lower
panel. These error -distributions are nearly equivalent in the
bottom panel as expected from the equal slopes of their log
psychometric functions.

lil. HUMAN OBSERVERS

Lateralization thresholds were measured in a two-
interval, forced-choice (2IFC) task using the 2D1U rule. The
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FIG. 2. Tracking trajectories for two simulated observers, using two-down,
one-up (upper panel) and three-down, one-up (lower panel) rules. Each track
is based on the average of 5000 simulations.
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FIG. 3. Distribution of threshold estimates for simulations using the two-
down, one-up rule.

signal was a 400-ms, 500-Hz sinusoid with a 10-ms cosine-
squared ramp, and was digitally generated at a sampling rate
of 20 kHz (TDT-II), low-pass filtered at 10 kHz (Kemo VBF/
24), and presented through Sennheiser HD-450 headphones
in a sound-attenuating chamber. When continuously pre-
sented, the level of the tone was 60 dB SPL. In one interval
of the 2IFC, the ITD of the dichotic tone led to one ear, and
in the second interval, the ITD of the same magnitude led to
the opposite ear. The subject’s task was to determine the
order of the perceived laterally displaced images (right-left
or left-right). Feedback was provided after each (rial. Each
of the three normal-hearing subjects (+/— 10 dB of ISO
standard between 125 and 8000 Hz) completed seven, 60-
trial runs. The parameters of the 2D1U rule were the same as
in simulations. The top panel of Fig. 4 shows averaged
threshold estimates for each of the three subjects. These val-
ues are near the values previously reported for detecting
ITDs in a 500-Hz tone (Zwislocki and Feldman, 1956;
Klumpp and Eady, 1956; Hershkowitz and Durlach, 1969).
The bottom panel shows averaged tracking trajectories for
each of the three subjects. The trajectories are asymptotic at
about 20 to 30 trials.
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FIG. 4. The upper panel shows lateralization thresholds for a 500-Hz tone
for three subjects. Error bars are one standard deviation. The lower panel
shows tracking trajectories averaged across seven runs for each subject.

IV. SUMMARY

The log transform is principally recommended when
psychometric functions on a linear-stimulus dimension are
related to one another by a multiplicative factor of the stimu-
lus scale. The log transform will normalize these functions
such that they are parallel with a constant effective range. It
is this parallel nature of log psychometric functions which
motivates the transform. The data of Fig. 1 seem to support
such a model for the detection of ITDs. This outcome is also
theoretically consistent with the Gaussian assumption of de-
tection theory and seems to be empirically supported by
many experimental reports on a variety of other psycho-
physical tasks (Green, 1960; Weir et al., 1976; Leshowitz
et al., 1968; Brown, 1910). Psychometric functions which do
not conform to the Gaussian model, of course, do exist.
Some are nonmonotonic, to which the up—down adaptive
procedures may not be applied. If psychometric functions do
not have the properties described above, then the log trans-
form should be considered individually for each case.
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'The one exception is Hawley (1994) who also recommends log s units.

2This effective range is | log unit when the psychophysical discriminator
sees a quantity which is related to the stimulus variable by a linear transfer
function. Some psychometric functions deviate from this rule and are better
fitted with nonlinear power transforms. The log transform will in such cases
also produce parallel psychometric functions, but with different effective
ranges.
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