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Detection thresholds were measured for different spatial configurations of 500- and 1000-Hz
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can lead to large changes in the energy of the target and
masker reaching the two ears. A few previous studies hint
that, in some conditions, binaural performance can be worse
than monaural performance using the better ear, particularly
when there are large ILDs in the stimd.g., see Bronkhorst
and Plomp, 1988; Shinn-Cunninghaet al, 2001). Given
that large ILDs can arise when sources are within reach of
the listener, studies of binaural unmasking for nearby sound
sources may shed light on these reports.

The current study examined spatial unmasking of pure
tone sources within reach of a listener in a simulated
anechoic environment. Individually measured head-related
transfer functiongHRTF9 were used to simulate sources.
This approach allowed realistic spatial acoustic cues to be
presented to the subjects while still allowing detailed analy-
ses of the stimuli reaching the subjects during the experi-
ment. The main goals of the study were(1) measure how
target threshold depends on target and masker azimuth and
distance for nearby source€) characterize better-ear ef-
fects by analyzing how the TMR varies with the spatial con-
figurations tested(3) evaluate the binaural contribution to
spatial unmasking, particularly for spatial configurations in
which large ILDs arise, and4) investigate the degree to
which results can be accounted for by a model of binaural
interaction.

Il. SPATIAL UNMASKING OF NEARBY PURE TONE
TARGETS

A. Methods

1. Subjects

Four graduate students with prior experience in psychoa-
coustic experimentgincluding author NK participated in
the study. One subject was female and three were male. Sub-
ject ages ranged from 25 to 28 years. All subjects had normal
hearing as confirmed by an audiometric screening.

2. HRTF measurement

Individualized HRTF measurements were made with
subjects seated in the center of a quiet classr@gmugh
dimensions of X9X3.5 m; broadband gf, of approximately
700 m3. Subjects were seated with their heads in a headrest
so that their ears were approximately 1.5-m above the floor.
Measurements were taken for sources in the right front hori-
zontal plane(at ear heightfor all six combinations of azi-
muths(0°, 45°, 909 and distance$0.15 m, 1 m relative to
the center of the heafdefined as the intersection of the
interaural axis and the median plares shown in Fig. 1.

The Maximum-Length-Sequen¢®ILS) techniquele.g.,



simulated in the left hemifield, this approximation shouldlevel constant would result in the received levad the sub-
introduce no significant perceptual artifacts in the simulatedect’s ear$ varying widely with masker position. In order to
stimuli). keep the received level of masker relatively constant, the
The measured HRTFs reflect the radiation characteristickevels of the HRTF-processed masker stimuli were normal-
of the loudspeaker used, which is not a uniformly radiatingized to keep constant the rms energy falling within the
point source. For sources relatively far from the head, anyquivalent rectangular bafigRB; Moore, 199Y centered on
differences in the measurement caused by the directivity othe target frequency at the ear receiving the more intense
the source should be minor. For sources 15-cm from thenasker signalthe right ear for all of the tested configura-
center of the head, the effect of the source directivity may béions). In other words, the virtual stimuli actually simulated a
significant. Therefore, the current study focuses on how dismasker whose distal energy level was adjusted up or down
tance influenced the signals reaching the ears for the particyeepending on the masker spatial locaiantil the proximal
lar source use@he Bose loudspeaker in questiomhe issue  stimulus level was constant at the more intense ear. In our
of how well the current results may generalize to otheranalysis, the amounts by which the distal masker was ad-
nearby sources is considered further in Sec. Ill, where emjusted were added back to the raw thresholds to predict the
pirical HRTF measurements are compared with theoreticahmount of spatial unmasking that would have occurred if the
predictions from a spherical head model that assumes a petistal masker level had been constant.
fect point source. For the 500-Hz center frequency, the rms levels were
In a similar vein, HRTFs measured for sources close tadjusted using a 100-Hz-wide ERB. For the 1000-Hz target,
the head are much more sensitive to small displacements the ERB width was set to 136 Hz. The masker signals were
the source i(e: the intended source locatipthan more dis- preprocessed in Matlab so that the rigfmhore-intense-ear
tant sources. However, given that all acoustic analyses amuins masker level in the ERB would be 64 dB SPL when
predictions of performance were made using the same mealayed via headphones. BMLDs were measured with the
sured HRTFs used to simulate the headphone-presentéalv-pass-filtered noise spectral level fixed at 64 dB SPL.
stimuli, any conclusions regarding which acoustic factors in-
fluence performance are justified, even if other measurement
techniques might yield slightly different estimates of near-
source HRTFs for the positions reported here.

3. Stimulus generation

Target stimuli consisted of 165-ms-long pure tones of
500 or 1000 Hz gated on and off by 30-ms cos-squared
ramps. The 500-Hz target frequency was chosen so that re-
sults could be compared with previous studies of binaural
masking level difference@BMLDs) and spatial unmasking
of tones, most of which include a 500-Hz target condition.
The 1000-Hz target was included in order to examine what
happens for a higher target frequency where target and
masker ITDs are still likely to have a large impact on detec-
tion but ILDs are larger than at 500 Hz. The target was
temporally centered within a broadband, 250-ms-long
masker. On each trial, the masker token was randomly cho-
sen from a set of 100 pregenerated samples of broadband
noise that were digitally low-pass filtered with a 5000 Hz
cutoff frequency(ninth-order Butterworth filter, as imple-
mented in the signal-processing toolbox in Matlab, the Math-
works, Natick, MA).

In most cases, target and masker were simulated as aris-
ing from different locations in anechoic space by convolving
the stimuli with appropriate individualized head-related im-
pulse responsegime-domain representation of the HRTFs
The simulated spatial configurations included all combina-
tions of target at azimuth&-90°, —45°, 0°, 45°, 90y and
distances(0.15 m, 1 m and masker at azimuth®°, 45°,
90°) and distance$0.15 m, 1 n. A total of 60 spatial con-
figurations was teste@l0 target locations< 6 masker loca-
tions; see Fig. 1 In a subset of trials, traditional BMLDs
were measured using the same stimuli without HRTF pro-
cessing.

For nearby sources, keeping the masker presentation



At least three separate runs were performed for each subject
in each condition. Final threshold estimates were computed
by taking the average threshold across the repeated adaptive
threshold estimates. Additional adaptive runs were per-
formed as needed for every subject and condition to ensure
that the standard error in this final threshold estimate was
less than or equal to 1 dB for each condition and spatial
configuration tested.

The study was divided into two parts, one measuring
thresholds for the 500-Hz target and one for the 1000-Hz
target. Three subjects performed each gavb of the four
subjects performed both For each target, subjects per-
formed multiple sessions consisting of ten runs. Subjects
were allowed to take short breaks between runs within one
session, with a minimum 4-h break required between ses-
sions. Each subject performed one initial practice session
consisting of four practice runs and six runs measuring de-
tection thresholds for NoSo and NeSconditions (where
NoSo represents a sinusoidal diotic signal, i.e., with zero
interaural phase difference, in the presence of a diotic noise;
NoSw represents a sinusoidal signal with interaural phase
difference equal tar in the presence of a diotic noiseSub-
jects then performed 18 additional sessiGh®0 runs; 3 runs
each of every combination for 6 target positions and 10
masker positions In each of these sessions, a full set of
thresholds was determined for one masker positioa order
of the ten target positions was randomized within each ses-
sion). These sessions were grouped into three blocks of six
with each block containing a full set of thresholds. The order
of masker positions was separately randomized for each
block and subject. Any additional runs were performed after
completion of the initial 19 sessions. Each subject performed
approximately 20 h of testing per target frequency.

B. Results
1. Binaural masking level difference
Table | shows the BMLD(
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FIG. 2. Spatial unmasking for the
500-Hz target. Each panel plots spatial
unmasking (the difference between
target detection threshold when target
and masker are at the same spatial lo-
cation and when target and masker are
in the spatial configuration denoted in
the ploy as a function of target azi-
muth for a fixed masker location.
Across-subject averages are plotted for
target distances of 15-crgthick solid
lines) and 1-m(thin solid lines. Indi-
vidual subject results are plotted as
symbols. Dashed lines show the esti-
mated better-ear contribution to spatial
unmasking. The spatial configurations
of target and masker represented in
each panel are denoted in the panel
legend.

FIG. 3. Spatial unmasking for the
1000-Hz target. See caption for Fig. 2.
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for distant targets. For example, in Fig. 3e, the difference
between thresholds for the90° and 45° targets is more than
25 dB for nearby target&hick line) but less than 20 dB for
distant targetgthin line).

Similarly, spatial unmasking resulting from a fixed an-
gular separation of target and masker is larger for nearby
maskers than for distant maskers. For example, as discussed
above, for a 1000-Hz target when the masker i¢4&f, 15
cm) [Fig. 3(e)], spatial unmasking for a 15-cm targghick
line) decreases by more than 25 dB when the target azimuth
changes from-90° to +45°. However, when the masker is
at (45°, 1 m [Fig. 3(b)], this same angular displacement of
the 15-cm targefthick line) produces a change in spatial
unmasking of roughly 20 dBcompare the leftmost point and
the point producing the least spatial unmasking, where the
target is at 45f

Angular separation of target and masker can actually
make performance worse when target distance differs from
masker distance. Usually, separating target and masker in
azimuth improves target detectability compared to when the
target and masker are in the same direction, but not in every
case. When the masker is at @anels a and d in both Figs.

2 and 3 the least amount of spatial unmasking occurs
(thresholds are highestvhen the target is at Ofthe same
direction as the maskemwhen the masker is at 4%panels b

and e in Figs. 2 and)3he least unmasking arises when the
target is in the 45° masker direction. However, when the
masker is at 90{panels ¢ and f in Figs. 2 and,3angular
separation of target and masker does not always increase the
amount of unmasking. Specifically, for a masker(2@°, 1

m) [Figs. 4c) and 3c)]



whether the models capture the acoustic effects that are im-
portant for predicting the amount of spatial unmasking as a
function of nearby target and masker locations. As noted in
Sec. Il, the current measurements do not try to compensate
for the radiation characteristics of the loudspeaker used; as
such, any consistent discrepancies between predictions from
a spherical-head model and measured resfitien KEMAR

and the human subjegtmay reflect influences of the radia-
tion characteristics of the loudspeaker ugethich is not a
point source or other differences between the assumptions
of the spherical-head model and properties of the physical
sources and heads measured.

A. Methods

KEMAR HRTFs were measured using a procedure iden-
tical to that used for the human listenésge description in
Sec. I). HRTF predictions for a spherical head mo¢@tun-
gart and Rabinowitz, 1999; Shinn-Cunninghairal., 2000
were computed using a head with radius of 9-cm and dia-
metrically opposed ears. These results are compared to the
HRTFs measured for the four subjects who participated in
the spatial unmasking experiment.

For all of the HRTFs, the magnitude spectra, ILD, and
ITD were determined for the equivalent rectangular band
(ERB) centered at a given frequency. Magnitude spectra
were calculated as the rms energy in the HRTF falling within
each ERB filter(100-Hz width centered at 500 Hz and
136-Hz width centered at 1000 Hz



' tBem  Am azimuth. Results for near sources are shown in the top of
pﬁ:_ S”b% each subplot with heavy lines and filled symbols. Thin lines
and open symbols plot results for far sourélesttom row of
each half of the figure The left column shows ILD results

J and the right column shows ITD results.
it T ] ILDs were calculated directly from the measurements
Spherical head — — — = plotted in Fig. 4. As a result, there are large intersubject
KEMAR - - - - - - differences in the ILDgleft panels in Fig. bthat are directly
ILD ITD related to the intersubject differences in the monaural spec-

tral gains. For instance, subject S1 has much larger ILDs at
both 500 and 1000 Hz for the 15-cm souféiled circles in

1oem _ the left columns of Figs. @) and (b)] than any of the other
) 3 subjects(other filled symbols
9 § As expected, for both frequenci¢Bigs. 5a) and (b)]
im e ILDs are much larger for sources at 15-¢thick lines in top

left panels compared to 1-nithin lines in the bottom left
panelg with ILDs at 500 and 1000 Hz approaching 20 dB for
the nearby sources at 9@fightmost point in the top left
panels. The spherical-hea@ashed lingsand KEMAR (dot-

sem  1m ted lines results tend to underestimate ILDs for lateral
. P . sources, although for the 500-Hz, 15-cm sourdéyg. 5a),

% P — top left pane], both spherical-head and KEMAR results are

within the range of human observations. Discrepancies be-

b) 1000 Hz 815354 ’-A °|:|A tween human and model results are most pronounced for a
Sphericalhead =— =— — — 1000-Hz source at a distance of 1ffig. 5b), bottom left
KEMAR = - - - - - panel and are greater for the spherical-head predictions

(dashed linesthan KEMAR measurementslotted lines.

ITDs [the right panels in Figs.(8) and(b)] vary prima-
rily with source angle and change only slightly with distance
and frequency. For most of the measured locations, both
spherical-head and KEMAR results are in close agreement
with human measurements.

) awl

)
z

FIG. 5. ILDs and ITDs in HRTFs for individual subjects, KEMAR manikin,
and the spherical head modéd) 500 Hz.(b) 1000 Hz.
C. Discussion

reaching the ears to vary monotonically with lateral angle of ~ Both spherical-head and KEMAR HRTFs provide rea-
the source, human HRTF measurements show that this is nebnable approximations to how acoustic parameters in hu-
strictly true. In particular, the 1000-Hz human measurementsnan HRTFs vary with source location. In general, both KE-
[symbols and solid lines in Fig.(d)] show that less energy MAR and the spherical head measurements fall within the
reaches the contralateral ear when a source is at 45° thaange spanned by the individual subject measurements.
when it is at 90° for both source distancébick and thin  However, both spherical-head predictions and KEMAR mea-
lines are nonmonotonic with azimytisimilarly, at 500 Hz  surements slightly overestimate the gain at the contralateral
[Fig. 4@)] the gain to the contralateral ear is comparable forear when a source is at 4&8specially at 1000 Hzand tend
45° and 90° sources rather than decreasing for the 90° sourte modestly underestimate the ILD for sources off midline,
(thick and thin lines This nonmonotonicityfwhich may in  particularly at the 1-m distance. These small differences can-
part be a consequence of the acoustic “bright spot;” e.g., seaot be attributed to loudspeaker characteristics, given(hat
Brungart and Rabinowitz1999] is underestimated in both the discrepancies are similar for both KEMAR measure-
the spherical-head mod@ashed linesand KEMAR (dotted = ments(using the same loudspeakend spherical-head pre-
lines HRTFs, especially at 1000 Hzompare lines to hu- dictions(assuming a perfect point soujand (2) the differ-
man subject results for sources at 45°, especially in Figences are, if anything, larger for the more distant, 1-m source
4(b)]. (where the loudspeaker directivity is less influenttaan the
nearby source. Thus, we conclude that generic HRTF models
capture the important features of the HRTFs measured in
human subjects and that the effects of the source transmis-
Figure 5 shows the ILDs and ITDs in the measuredsion characteristics do not strongly influence the signals
HRTFs at 500 and 1000 HFigs. 5a) and(b), respectively  reaching the ears even for nearby sources, at least for the
for the spatial positions used in the study. As in Fig. 4, result§requencies considered in the current study.
for individual subjectssymbolg, the across-human-subject Intersubject differences in the HRTFs are large, espe-
average(full lines), KEMAR (dotted line$, and a spherical cially for nearby sources. Of the four subjects, one subject
head modeldashed linegsare shown as a function of target showed consistently larger spectral gains and consistently

2. Interaural differences
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larger ILDs than the other subjects when the source was at
15-cm. While it is possible that some of the intersubject dif-
ferences arise from inaccuracies in HRTF measurelfeegt,

from hand-positioning the loudspeakethe fact that one
subject has consistently larger gains and ILDs for all nearby
source locations suggests that real anatomical differences
rather than measurement errors are responsible for the ob-
served effects. It is also interesting to note that the observed
intersubject differences are much smaller for the 1-m source,
suggesting that intersubject differences in HRTFs are espe-
cially important when considering sources very close to the
listener.

IV. BETTER-EAR AND BINAURAL CONTRIBUTIONS
TO SPATIAL UNMASKING

A. Analysis

For each subject, estimates of the better-ear and binaural
contributions to spatial unmasking were derived from the
acoustic parameters of the HRTFs and the behavioral thresh-
olds.

The better-ear contribution to spatial unmasking was es-
timated by calculating the TMR in the ERB filter centered on
the target frequency at the better ear for each spatial configu-
ration when target and masker emit the same Iéaetl thus
would yield a TMR of zero when at the same locajiofihe
resulting TMR predicts the amount by which target thresh-
olds decrease or increase simply because of acoustic effects
at the better eafi.e., if the calculated TMR is+2 dB, it
implies that at detection threshold, the intensity of the target
at the better ear was 2 dB more for the given spatial configu-
ration than if the target and masker were at the same spatial
location; thus, the better-ear contribution for such a configu-
ration is +2 dB). The subject-specific binaural contribution
to spatial unmasking was estimated by subtracting the esti-
mated better-ear contribution to spatial unmaskidgrived
from individually-measured HRTFd$rom the individual be-
havioral estimates of spatial unmasking.

B. Results






angle(i.e., the modulation of binaural gain with target azi-
muth) is smaller when the masker is laterally displa¢eght
panels than when the masker is at Q&ft panel$, particu-
larly for the 1000-Hz targefFig. 7). For instance, looking at
the bottom left panel of Fig.(@), when the masker is &0°,

15 cm the binaural contributions to spatial unmasking for
the 1000-Hz target for subject S1 range from O to 8 dB
depending on the target azimuth. However, when the masker
is at(90°, 15 cm [bottom right panel in Fig. & ], binaural
unmasking is roughly constant, independent of target angle
(roughly 0-2 dB.



conditions where the model fails to account for behavioral
data, parallel lines plot a range afl dB around the actual
model predictions. Predictions for the nearby target are
shown as dashed black lines; predictions for the far target are
shown as solid gray lines.

Model predictions of binaural unmasking are non-
negative for all spatial configurations. Predictions are exactly
zero whenever the target and masker are at the same spatial
location and positive whenever the target and masker have
differences in either their IPDs or ILDs at the target fre-
quency. Thus, in theory, predictions of binaural unmasking
are positive whenever the target and masker are at different
distances but in the same direction off the median plane be-
cause of differences in ILDs in target and masker. However,
in practice, predictions are near zero for all configurations
when the target and masker are in the same direction for
subjects S2, S3, and 9#igs. Gb), 6(c), 7(b), and 7Tc)].
Predictions for subject Sfwho has the largest ILDs for
15-cm sources and the largest BMLDs at both frequencies;
Figs. 6a) and 7a)] are greater than zero for both target
frequencies when the target and masker are at different dis-
tances but the saméff-median-plang direction. For in-
stance, in the top center and top right panels of Fi¢s.&nd
7(a) [masker af45°, 1 m and(90°, 1 m], the black dotted
lines (predictions for the target at 15 grare above zero for
all target azimuths, including the target at 90°; in the bottom
center and right panels of Figga and 7a) [masker at45°,

15 cm and (90°, 15 cm], the gray solid linegpredictions
for the target at 1 mare positive for all azimuths.



essentially diotit For most of the configurations with the
masker at 0°, model predictions agree well with observed
results. In contrast, larger discrepancies between the modeled
and measured results arise when the masker is at 45° and 90°
(conditions in which there are significant ILDs in the
maskey.

While there are some conditions in which the model
predictions consistently over- or underestimate binaural un-
masking[e.g., results for subject S1 at 1000 Hz in Figa)7
or for subject S3 at 1000 Hz in Fig.(], there are other
conditions for which changing the single subject-specific
“binaural sensitivity” of the model cannot account for dis-
crepancies between the model predictions and the measure-
ments[e.g., results for subject S2 at 500 Hz in Figb)6or
for subject S4 at 1000 Hz in Fig(@].

The current results suggest that subjects differ not only
in their overall sensitivity to binaural differences, but also in
the dependence of binaural sensitivity on the interaural pa-
rameters in masker and/or target. In particular, binaural sen-
sitivity appears to depend on the interaural level difference in
the masker differently for different subjects. As a result, in-
dividualized model prediction errors are generally larger
when there are large ILDs in the masker than when the
masker has near-zero ILD. While the Colburn model has
been testedand shown to predict results relatively weih
many studies in which target and masker vary in their inter-
aural phase parameters, there are few studies that manipulate
the target and masker ILD. These results suggest the need for
additional behavioral and theoretical studies of the effects of
ILD in binaural detection tasks.

Even though there are specific conditions for which pre-
dictions fail to account for the results for a particular subject,
the model captures many of the general patterns in results,
including the tendency for binaural unmasking to decrease as
the ILD in the masker increases and how the amount of
binaural unmasking depends on the angular separation of
target and masker and the frequency of the target.

VI. GENERAL DISCUSSION

The current study is unique in measuring how tone de-
tection thresholds are affected by target and masker location
when sources are very close to the listener. Results show that
for sources very close to the listener, small changes in source
location can lead to large changes in detection threshold.
These large changes arise from changes in both the TMR
(affecting the better-ear contribution to spatial unmasking
and ILDs (affecting the binaural contribution to spatial un-
masking.

The current results demonstrate how the relative impor-
tance of better-ear and binaural contributions to spatial un-
masking change with target and masker location, including
source distancéin contrast to previous studies that consid-
ered only angular separation of relatively distant soyrces
The relative importance of better-ear contributions to spatial
unmasking increases as masker distance decreases, probably
because of increases in the ILD in the masker, which reduce



vary not only in overall magnitude but as a function of the(4) Intersubject differences in spatial unmasking are larger
interaural differences in the masker.

While predictions from the Colburn modéhking into

account differences in the stimuli presented to the individual
subjects as well as individual differences in binaural sensi-
tivity) cannot account for some small but significant inter-
subject differences in spatial unmasking, rough predictions

of the amount of spatial unmasking capture most of the ob¢5)

served changes in detection threshold with spatial configura-
tion. For instance, generic acoustic models of HRT&g.,
KEMAR measurements or spherical-head model predictions
combined with predictions of binaural unmasking using “av-
erage” model parameters should produce predictions that fall
within the range of behavior observed across a population ACKNOWLEDGMENTS
subjects.

VILI.
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for nearby sources than for far sources, in part because
there are larger acoustic differences in HRTFs for nearby
sources compared to more distant sources. However,
there also are subject-specific differences both in binau-
ral sensitivity and on how ILDs influence binaural sen-
sitivity.

Predictions based on Colburn’s analy$i®©977h show

the correct general trends in binaural detection for both
near and far sources, but cannot account for small, but
consistent, subject-specific differences in performance,
particularly when large ILDs are present in the masker.
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CONCLUSIONS

Acoustic cuegparticularly TMR and ILD vary dramati-

tions of this work were presented at the Spring 2000 meeting
of the Acoustical Society of America. H. Steven Colburn

cally with source distance and direction for nearbyProvided valuable input throughout this work, including help

sources. Therefore, when source distance varies, the eff? putting the results in appropriate context. Les Bernstein,
fect of source location on both the better-ear and binauAdelbert Bronkhorst, and an anonymous reviewer provided

ral contributions to spatial unmasking is complex.

valuable criticism and comments on a previous draft of this

For nearby sources, the better-ear contribution to purePaper.

tone spatial unmasking can be very latgs much as 25

dB) compared to conditions where sources are relatively
far from the listener.

The binaural contribution to spatial unmasking decreases
with increasing masker ILD. As a result, the binaural
contribution to spatial unmasking is smaller for lateral
sources very near the head than for more distant sources
at the same lateral angle relative to the listener.
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where 7 is in milliseconds.

locations so distant from the listener that the masker is inaudible. These
masker locations would produce identical signal detection thresholds if the
experiment were performed with the distal stimulus intensity fixed; how-
ever, our technique might adjust the masker by different amounts for these
two masker locations in order to achieve a fixed proximal stimulus level at
the ear of the listener, producing two different estimates of spatial unmask-
ing. While holding the distal masker intensity fixed may seem more natural
and intuitive than holding the proximal stimulus level constant, the overall
presentation level of the masker would span an extraordinarily large range
in the current experiments because the masker distance varied between 15
cm and 1 m inaddition to varying in direction. Therefore, we elected to fix
the proximal masker intensity.
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The current implementation uses a modified version of Eq.

(35) from Colburn(19770:
(10 logyo ay, °K
R(a,)= 40
1, a,’K>10%

2
), a52K$104,
(A6)

whereK is the ratio of the spectrum level at the more intense
ear to the detection threshold in quiet. This implementation
of the model assumes that the auditory nerve fibers at each
target frequency have thresholds uniformly distributed a

dB scalg over a 40-dB range above the absolute detection
threshold for that frequency.

Isystem identification using a MLS depends on circular convolution tech-
nigues. Theoretically, the approach requires the MLS to be concatenated
with itself and presented an infinite number of times to ensure that the
system is in its steady-state response prior to measuring the regjseese
Vanderkooy, 1994 The resulting estimated system response is a time-
aliased version of the true system response. In the current measures, the
MLS was presented twice and the response to the second repetition was
recorded. Given the length of the MLS used, the room characteristics of
and ambient noise in the environment in which we were measuring, and the
noise in our measurement system, the steady-state response can be approxi-
mated with only two repetitions of the MLS and no significant time aliasing

is present in our measurements.

Note that this analysis assumes that detection performance depends only on
the target-to-masker ratio or TMR and is independent of the overall masker
level, an assumption that is not valid if the masker is near absolute thresh-
old or at very high presentation levels. For instance, imagine two masker



