The masking-level difference in low-noise noise
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In experiment 1 NoSo and NeSthresholds for a 500-Hz pure tone were obtained in a
low-fluctuation masking noise and a high-fluctuation masking noise for six normal-hearing listeners.
The noise bandwidth was 10 Hz. In agreement with previous investigations, the NoSo thresholds
were lower in low-fluctuation noise than in high-fluctuation noise. For three listenersgNoS
thresholds were similar for the two types of noise, while for the other three listenersy NoS
thresholds weraigherfor low-fluctuation noise than for high-fluctuation noise. In experiment 2, the
masker was created by amplitude modulating a 500-Hz pure tone by a 0—10-Hz low-pass noise. The
degree of masker fluctuation was controlled by adjusting the average modulatior{ 1sth, 63%,

40%, and 25% The signal was a 10-Hz-wide noise centered on 500 Hz. Results were similar to
those of experiment 1: for the NoSo conditions, signal detection improved with decreasing degree
of fluctuation, and for No% conditions, the results were subject dependent. For three listeners,
NoSw thresholds were again similar in the two types of noise, while for the other three listeners,
NoS# thresholds were again higher in low-fluctuation noise than in high-fluctuation noise. The
results showed that a high degree of masker fluctuation sometimes facilitatesdéttion. It is
possible that the binaural detection mechanism utilizes the relatively good signal-to-noise ratios that
occur in the low power or “dip” regions of fluctuating masker waveforms. 1898 Acoustical
Society of Americd.S0001-496808)01305-§

PACS numbers: 43.66.Dc, 43.66.FRHD]

INTRODUCTION subtraction process would completely eliminate an No
masker, and masked signal detection threshold would be
Previous experiments using low-noigeumplin, 198%  similar to that obtained in quiet. However, the model as-
have investigated the effects of masker amplitude fluctuatiosumes that there is both time and amplitude “jitter” in the
on monaural signal detectigilartmann and Pumplin, 1988 process, resulting in an No noise being reduced in level
Conditions have contrasted detection in noise having a rarrather than eliminated. In contrast, the subtraction process
dom phase relation among componemsere noise fluctua- for the Srsignal essentially results in an in-phase addition of
tion is generally highwith detection in noise having com- the signal, with a consequent boost in signal level. Thus, for
ponents whose phases are selected such that the noiNeSw detection, the signal-to-noise ratio is effectively in-
fluctuation is relatively low(low-noise noisg Results(Hart-  creased by the EC process. For an So condition, the subtrac-
mann and Pumplin, 1988ndicate that monaural signal de- tion process results in a reduction in signal level. However,
tection is better for low-noise narrow-band noise than forbecause the same jitter parameters hold for both signal and
random-phase narrow-band noise. Similar effects were renoise, the noise and signal are reduced by similar amounts in
ported by Margolis and Small974 for a low-fluctuation the NoSo case. Thus, for NoSo, the signal-to-noise ratio is
noise produced by frequency modulating a sinewave by a@&ssentially the same at the EC input and the EC output.
thermal noise. The low-noise noise result is consistent with  In the EC model, both NoSo and NeSletection reduce
the notion that random variation in the energy of the masketo the problem of detecting signal energy in noise. If it is
is detrimental to the detection of the sigrialg., Bos and de supposed that the decision statistic for detection is similar for
Boer, 1966. the NoSo and No% cases, then the effects of low-noise
There is reason to believe that studies manipulatinghoise should be similar for NoSo and NmS$letection. Be-
noise fluctuation may also be of interest in conditions ofcause power fluctuations are relatively minor in low-noise
binaural unmasking. For example, it is possible that result®oise, both NoSo and NefSthresholds are expected to be
from low- and high-fluctuation noise conditions may haverelatively lower than in noise with prominent power fluctua-
bearing upon models of the masking-level differefi.D) tions. Because effects of low-noise noise are expected to be
(Hirsh, 1948. Specifically, different binaural models may be similar for NoSo and No% detection, the MLD would then
associated with different predictions concerning the effect obe expected to be similar for low-noise noise and random-
masker fluctuation. In the equalization—cancellati@C) phase noise.
model of Durlach(1963, the stimulus waveforms at the two In contrast, the MLD is expected to be relatively smaller
ears undergo auditory filtering, level/time equalization, andfor low-noise noise conditions from the standpoint of cross-
subtraction. For the sake of simplicity, we will consider only correlation modelgJeffress, 1948; Colburn, 1973; Stern and
NoSo and No& stimulation. With perfect equalization, the Colburn, 1978; Stern and Trahiotis, 193% the MLD. One
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reason for this prediction is related to the fact that, in crossamplitude sinusoidal components. For the high-fluctuation
correlation models, the decision statistic for binaural detecnoise, the phase relation among the 11 components was ran-
tion is proposed to be radically different from that associatedlom. For the low-noise noise, the phase relations were cho-
with monaural, or NoSo, detection. As in the EC model,sen by the low-fluctuation noise algorithtRumplin, 1985.
monaural or NoSo detection is usually hypothesized to béor each type of noisécandom-phase or low-noise nojse
based upon an analysis of stimulus energy. Thus, a relativelen different noise files were generated. One of the ten files
low NoSo threshold is predicted for a low-noise noisewas selected randomly from interval to interval in order to
masker. In contrast, binaurék.g., NoSr) detection is as- reduce possible effects associated with a particular frozen
sumed to be based upon a cross-correlation process. In tm@ise sampléHanna and Robinson, 1985Each noise file
physiological realization of such a process, the decision stavas 4096 samples long, using a sampling rate of 4096 Hz.
tistic is presumed to be related to a change in the activitNoise was delivered via a 12-bit Data Translation D/A con-
pattern of neurons responding to different degrees of interverter. The signal was a 400-ms, 500-Hz pure tone, shaped
aural delay. If it is assumed that interaural correlation will bewith a 50-ms squared-cosine rise/fall. The masker was gated
just as high for a random-phase No noise as for a low-noisen (50-ms squared-cosinel00 ms before the signal was
No noise, there is no reason to expect that the relatively higlgated on, and was gated off simultaneously with the signal.
degree of fluctuation associated with random-phase nois€he masker was always interaurally in phdb®) and the
should be deleterious for NeSdetection. According to this signal was either interaurally in pha&®o) or interaurally out
interpretation, the MLD should be smaller in low-noise noiseof phase(Sw).

because the NoSo threshold is expected to be lower in low-

noise noise than in random-phase noise, but the NoS

threshold is not expected to be lower in low-noise noise thar$- Masker statistics

in random-phase noise. _ . The average kurtosis for the ten low-noise masker wave-
A second reason that MLDs might be smaller in low- forms was 1.655compared to 3.0 for Gaussian noisEig-
noise noise is directly related to the depth of fluctuation ofyre 1 of Hartmann and Pumpli1988 shows that 1.655 is
the masker envelope. Masker dipghere noise power is low well outside the expected distribution for kurtosis for
for short temporal epochsare associated with a relatively random-phase noises. The average crest factor for the ten
high signal-to-noise ratio. There is evidence that monaurabw-noise noise maskers was 1.710, compared with an ex-
detection for a signal presented in a band of random n0isﬁected value of 2.76 for random-phase noig¢srtmann and
does not appear to be able to benefit from the good signapumplin, 1988, Eq. C4 In contrast with the fluctuations in
to-noise ratios associated with masker dif&ius etal,  signal power, the low-noise noise maskers showed no special
1996. This may be because it is difficult for the auditory character in their instantaneous phases. Phase variation
system to determine whether a signal occurring in a maskefaused by the center frequency was extracted and the re-
dip is actually a signal or simply a random fluctuation of thegjgyal phase variatiofHartmann, 1997, Eq. 18.6vas stud-
masker. A cross-correlation mechanism offers a potential sQed. Neither the overall phase variance nor any time-
lution to this problem in that aB signal occurring in an No  dependent behavior indicated differences between low-noise
masker dip will result in interaural correlation quite different ngise and random-phase maskers. This analysis is relevant
from that associated with the masker alone. If such shorthecause the rate of change in interaural difference cues for an
duration changes in interaural correlation are effective inNoSr stimulus depends upon the changes in the instanta-
cueing detectionS7 thresholds might actually be better in neous phase of the masker. The analysis suggests no obvious

random-phase noiggvhere dips are relatively depfhan in  gifferences between low-noise noise and random-noise
low-noise noisgwhere dips are relatively shallow maskers in this regard.

In the course of this investigation, we learned of a simi-
lar on-going study of the MLD in low-noise noise maskers,
with similar results, by David Eddins and Laura Barber. The4. Procedure

manuscripts resulting from his work and the work in our Thresholds were determined using a three-alternative
laboratory have therefore been submitted as companion PR5rced choice(3AFC) three-down, one-up adaptive proce-
Pers. dure, estimating the 79.4% detection threshdlcevitt,
1971). An initial step-size of 8 dB was reduced to 4 dB after
two reversals, and further reduced to 2 dB after two more
A. Method reversals. A threshold run was stopped after 12 reversals, and
1. Subjects the average of the last 8 reversals was taken as the threshold
] o ) ) for a run. Four threshold runs were averaged to compute the
Subjects were six listeners with normal hearing, ageding) threshold, unless the range of the runs was greater than
between 24 and 44 years. All had previous experience listens gg. i that case, a fifth run was obtained and included in
ing in MLD and CMR paradigms. the average. Each trial was preceded by a 300-ms warning
S light. Each interval was marked by a 400-ms light. The in-
2. Stimuli terstimulus interval was 300 ms. Visual feedback was pro-
All noise bands were centered on 500 Hz and had aided after each response. The stimuli were delivered binau-
bandwidth of 10 Hz. Each band was composed of 11 equakally by means of Sony MDR V6 earphones.

I. EXPERIMENT 1: MLD IN LOW-NOISE NOISE
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0 - . . . partly because the NoSo thresholds were relatively low in
it o ] low-noise noise, and partly because the MPofBiresholds
were relatively high in low-noise noise. For subjects 4, 5,
and 6, NoSr thresholds were similar between low-noise
noise and random-phase noigee Fig. 1L For these sub-
jects, MLDs were again smaller in low-noise noise than in
random-phase noise, but only by about 2 to 5 dB. In these
subjects, the smaller MLD in low-noise noise than in
random-phase noise was due primarily to the fact that the
. T NoSo thresholds were lower in low-noise noise than in
random-phase noise. Across all subjects, the average MLD
for random-phase noise was 20.7 dB, and the average MLD
for low-noise noise was 14.5 di&ee Table )l

The most striking new result of this experiment was the
higher NoSr threshold in low-noise noise than in high-
fluctuation noise for three of the six subjects. This result
suggests that a cue related to a relatively high degree of
s3 S4 masker fluctuation can actually aid binaural signal detection.

- . . - In order to examine the generality of this result, we per-

formed a second experiment employing a different method
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The subjects were the same as those who participated in

Noise Fluctuation Type

the first experiment.

FIG. 1. The NoSd(circles and NoSr (squarepthresholds for the six lis-
teners, in low-noise nois@.ow) and random noiséHigh). Error bars show

plus and minus one standard deviation. Standard deviations are not shov% Stimuli and procedure

when they are smaller than the data symbol. The masker was created by multiplying a 500-Hz pure
tone by a DC-shifted low-pass noi$@—10 H2. The mask-
B. Results and discussion ing waveform was defined by

Threshold data for the six subjects are summarized in  A(t)=Ag[1+ N(t)]cog Q,t),

Fig. 1. Individual rather than average data are shown becau?/v%eret is time, A, is the amplitude of the 500-Hz carrier,

there were different patterns of results across subjects. Thﬁ(t) is the low-pass noise waveform is 2mr times the
most consistent finding, of course, was that WdBresholds : P i » afg is 27 .
arrier frequency. A similar method was used in a MLD

were lower than NoSo threshc_)lids. A §econd consistent f'ndgtudy by Grantham and Robins@h977. However, in the
ing was that, for NoSo conditions, signal thresholds were .

. ) . . Grantham and Robinson study, the modulator was a band-
lower (by about 5 dB in low-noise noise than in random-

phase noise. This result is consistent with that reported bgas_s noise from 43to 77 HZ’ and mod_ulation of the 500-Hz
arrier by this bandpass noise resulted in a modulated masker

Hartmann and Pumplii1988. However, results for low- . . .
. : : . W{th spectral components extending from approximately 423
noise noise and random-phase noise were not con5|ste{6 577 Hz. In the present study, the masker components were

across subjects for NeSdetection. In No& conditions, . J pres Y, : P
restricted to frequencies between approximately 490 and 510

subjects 1, 2, and 3 showed higher thresholds for low-nois . ) .
noise than for random-phase noise. As can be seen in Tab 7. The degree of fluctuation was adjusted by varying the

: : deepth of modulation. Average modulation deptimsterms of
I, these subjects had considerably larger ML({bg about 9 . o 0 o 0
dB) in random-phase noise than in low-noise noise. ForthesgerCent of modulationwere 100%, 63%, 40%, and 25%,

: . . : . ___where 100% corresponds to a noise wavefdift)] with
subjects, MLDs were relatively small in low-noise noise :
rms value of approximately 0.707. The level of the masker

(carrier plus sidebanglsvas held constant at approximately
59 dB SPL. The signal was a 10-Hz-wide band of noise
centered on 500 Hz. An inverse fast Fourier transfOrfaT)
Noise type S1 S2 S3 sS4 s5 sS6 Mean incorporating a sampling rate of 11.025 kHz and buffer size
High fluctuation 260 230 187 174 206 187 207 of 2%/ di'screte' points was used 'to create the signal. This
Low fluctuation  17.3 144 98 127 185 151 145 resulted in a stimulus with approximately 0.08-Hz frequency
resolution that, upon cyclical output, had an overall period-

TABLE I. Individual and mean MLDYdB) for random phase noise and
low-noise masking noise. Data are for experiment 1.
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T T T T T T T T TABLE IlI. Individual and mean MLDs for maskers varying in average
percent of modulation. Data are for experiment 2.
—~ 60 | - b
= T e T o o
© o5 b T 2 it i 3 Percent
% l i 5 modulation S1 S2 S3 S4 S5 S6 Mean
= 50 F = 1 3
2 L 100 239 214 162 197 166 169 191
E¥F El3 E 63 194 189 112 174 148 167 164
Ewofl 85 I oo . ] 40 150 161 87 177 120 136 138
g = o . n 5 25 105 119 56 129 84 119 102
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=35 F 1 o 1F = 3
L
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T T creases in masker fluctuation, whereas subjects 4, 5, and 6
S %F o 1F T 3 § E again showed relatively stable NeShresholds across the
Z sSE 5 ©° IF . ? ¢ 4 different conditions of masker fluctuation. Across all sub-
Sl 9 i 2 1 jects, the average MLDs were 19.1, 16.4, 13.8, and 10.2 dB
3 = g for 100%, 63%, 40%, and 25% modulation, respectiese
<45 F a = t 1F R 1
£ - a Table 1)
S0 r # 1 g & o Again, the most striking finding was that for subjects 1,
< - . .
Sas | FI 1 2, and 3, No& thresholds increased as a function of de-
i . . . . . . . . creased masker fluctuation. This result again suggests that a

- ' ' T ' o T cue related to a relatively high degree of masker fluctuation
60 F z 2 it 3 T ] can aid binaural signal detection. Subjects 4, 5, and 6 again
E ss b S * 1t § > ] showed little change in the NeSthreshold with changes in
g o masker modulation depth.
2 T LT ]
%45 S i | i o o 4 Ill. GENERAL DISCUSSION
£ 4 - : . . .
; 40 | 1F 7 It was pointed out in the Introduction that a straightfor-
S5 b Ik ] ward EC model interpretation would predict that NoSo and
@ 0 . . . . . . . . NoS thresholds would depend similarly on masker fluctua-

25 50 75 100 %5 50 75 100 tion statistics. The findings for thesSthresholds did not
agree with this prediction. The present findings were in bet-
ter agreement with a cross-correlation mechanism. For a
FIG. 2. The NoSdcircles and NoSr (squaresthresholds for the six lis-  Cross-correlation mechanism, it was predicted that detection
teners, as a function of the average percent of modulation of the maskefor NoSz would would either not vary as a function of the
Error bars show plus and minus one standard deviation. Standard deviatio : : :
are not shown when they are smaller than the data symbol. ’&Fegree_ of masker ﬂthuatIQn’ or thgﬁﬁetectlon m_lght b_e
worse in low-fluctuation noise than in high-fluctuation noise.

icity of approximately 11.89 s. The noise signal was playejn three of the listeners testedr$hresholds were similar in

. S ow-fluctuation noise and in high-fluctuation noise, and in
continuously through a 20-bit digital-to-analog converter an . )
. : .the three other listeners, NaSthresholds werdower in
low-pass filtered at 3 kHz, and was gated via a Tucker-Davis . . . . . .
igh-fluctuation noise than in low-fluctuation noise. The lat-

SW2 gate. A noiseband was used as a signal, rather thantgr result is in direct contrast to the situation for monaural

pure tone, so that the phase between the carrier of th . ) . . . .
. . ?etechon, where high noise fluctuation results in relatively
amplitude-modulated masker would be random with respec

to the phase of the signal. The signal was 400 ms in duratiorPOor detectioBos and de Boer, 19461t would appear that,

LT dt least in some listeners, a high degree of noise fluctuation is
and had 50-ms squared-cosine rise/fall. The masker was pre- ) . . .
. : .Tavorable for signal detection. It seems likely that this effect
sented continuously. The masker was always interaurally in s . .
. . . . is related to low-energy or “dip” regions in the masker. In a
phase(No) and the signal was either interaurally in phase

: masker having a relatively low degree of fluctuation, the
(So or interaurally out of phaséSw). The threshold proce- . ing a rel Yy 9 X
) . . signal-to-noise ratio is relatively constant over the duration
dure was the same as that used in the first experiment.

of a signal. However, in a masker having a relatively high
degree of fluctuation, the signal-to-noise ratio will be rela-
tively poor in masker peak regions, but will be relatively
Threshold data for the six subjects are summarized irgood in masker dip regions. It is possible that the relatively
Fig. 2. In several respects, the pattern of results was similsshort but large binaural cues that exist during masker dips
to that obtained in experiment I. As in experiment 1, NoSoare effective in cuing No% detection.
thresholds consistently improved as the masker fluctuation The above interpretation is consistent with Isabelle’s
decreased. The average NoSo threshold was 59.6 dB fgi995 account of No% data in a frozen noise experiment.
100% modulation, but improved to 52.7 dB for 25% modu-As in previous experiments by Gilkey and his colleagues
lation. As in experiment 1, there were individual differences(Gilkey et al., 1985; Gilkey and Robinson, 1986lsabelle
in the effect of masker fluctuation for NeSdetection: sub- attempted to obtain information about the cues accounting
jects 1, 2, and 3 again showed higher thresholds with defor binaural detection by examining performance for particu-

Percent of Masker Modulation

B. Results and discussion
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lar digitized samples of noise alone and signal-plus-noiseresearch was supported by grants from NIMIDCD RO1
While Isabelle found that NoS performance was not corre- DC00397 and NIDCD R01 DC0018&nd AFOSR.

lated significantly with stimulus energy, modest, albeit sig-

nificant, correlations were found for some decision statisticsit should be mentioned that during the review process for this manuscript
based upon variability of the interaural time and/or interauralKohlrausch et al. (1997 published results comparing MLD data for

: : - : - random-phase and low-fluctuation noise. They used a 1000-Hz center fre-
Intensity cues. Interestlngly, the hlgheSt correlations Werequency and examined masking bandwidths from 5 to 100 Hz. For the NoSo

found for instantaneous interaural time differences. Isabelleconditions, their average dattur subjectsindicated lower thresholds for

suggested that the auditory system may utilize the infrequentow-fluctuation noise, and for the NeSconditions, their average data in-

but large interaural time differences occurring near the dicated similar thresholds between random-phase and low-fluctuation noise

minima of the masker envelope, noting that “this strategy (similar to our data for subjects 4, 5, anjl 6

may be likened to ‘listening in the valleys of the noise.”” Blauert, J.(1972. “On the lag of lateralization caused by interaural time
One feature of binaural analysis that might be seen as in@nd intensity differences,” Audiologg1, 265-270.

. . . . . . Blodgett, H. C., Jeffress, L. A., and Taylor, R. W1958. “Relation of
conflict with the notion of relatively fine temporal resolution masked threshold to signal-duration for various interaural phase-

has been termed “binaural sluggishnes@Grantham and  combinations,” Am. J. PsycholZ1, 283—290.
Wightman, 1979 This term refers to the fact that listeners Bos, C. E., and de Boer, £1966. “Masking and discrimination,” J.

are relatively insensitive to dynamic variation in interaural Acoust Soc. Am39, 708-715. . N
diff y in th h y in bi | . Buus, S., Zhang, L., and Florentine, N11996. “Stimulus-driven, time-
Ifference cues, In that changes in binaural cues occurring aT\/arying weights for Comodulation Masking Release,” J. Acoust. Soc.

rates of more than a few Hz are not heard as movement inam. 99, 2288-2297.
perceived location, but, instead as a “blur” or as diffusenesscolburn, H. S.(1973. “Theory of binaural interaction based on auditory

; . : nerve data. |. General strategy and preliminary results on interaural dis-
of location (Blauert, 1972; Grantham and Wightman, 1878 crimination.” J. ACoust. Soc. AmS4. 14581470,

Grantham and W_ightmar(l1979 reported data consistent pyrach, N. I.(1963. “Equalization and cancellation theory of binaural
with an interpretation that binaural sluggishness may be as-masking-level differences,” J. Acoust. Soc. ABB, 1206—1218.
sociated with small MLDs. They investigated the detectabil-Gilkey, R. H., and Robinson, D. E1986. “Models of auditory masking: a

ity of a brief S tone burst presented in a noise masker Moecular psychophysical approach,” J. Acoust. Soc. Af8, 1499~
1510.

whose interaural phase varied sinusoidally between 1.0 angiikey, R. H., Robinson, D. E., and Hanna, T.(985. “Effects of masker
—1.0. When the short signal was presented at a time whenwaveform and signal-to-masker phase relation on diotic and dichotic
the masker had interaural correlation near 1.0, a MLD oc-_ Masking by reproducible noise,” J. Acoust. Soc. Ang, 1207-1219.

. . . . . rantham, D. W., and Robinson, D. B.977). “Role of dynamic cues in
curred, provided that the sinusoidal modulation of mterauraf;mOnaural and binaural signal detection,” J. Acoust. Soc. 4. 542—

masker phase was very slde.g., 0.5 Hz However, essen- 551,
tially no MLD occurred when the modulation rate was raisedGrantham, D. W., and Wightman, F. [1979. “Detectability of a pulsed

to onIy 4 Hz. This result is consistent with an interpretation tone in the presence of a masker with time-varying interaural correlation,”
J. Acoust. Soc. Am65, 1509-1517.

that blngural sluggishness prevented the auditory system, . inam . w., and Wightman, F. (1978, “Detectability of varying
from taking advantage of the short temporal epochs when theinteraural temporal differences,” J. Acoust. Soc. A88, 511-523.
stimulus was in No% configuration. However, it reasonable Green, D. M.(1966. “Interaural phase effects in the masking of signals of

to assume that the use of binaural signal detection informahgf:;eg‘ %“rﬁfd”z;;i-néggug- Saogcéﬁghzg_e?fﬁ} < for & sine wave

tion during ShQI’t temporal epochs is poor only When both t_he masked by reproducible noise,” J. Acoust. Soc. Aff, 1129-1140.
masker and signal-plus-masker contain dynamically varyingiartmann, w. M.(1997. Signals, Sound, and SensatiGhlP, Springer-
interaural cuesas was the case in the Grantham and Wight- Verlag, New York.

: artmann, W. M., and Pumplin, J1988. “Noise power fluctuations and
man study. When the masker has a stable interaural phase, che masking sine signals.” J. Acoust. Soc. ABS, 22772289

is likely that the binaural system can take advantage of bingn . J.(1948. “Influence of interaural phase on interaural summation
aural detection information in short temporal epochs. Indeed, and inhibition,” J. Acoust. Soc. Am20, 536—544.
the robust MLDs that occur for shortiSsignals in stable No Isabelle, S.(1995. “Binaural detection performance using reproducible

. . : stimuli,” Ph.D. dissertation, Boston University.
maslfer's(BIodgett et al, 1958; Green, 1966; Roblnsop and Jeffress, L. A.(1948. “A place theory of sound localization,” J. Comp.
Trahiotis, 1972; Grantham and Wightman, 19%@ovide Physiol. Psychol41, 35-39.
strong evidence that the binaural system can make good usehlrausch, A., Fassel, R., van der Heijden, M., Kortekaas, S., van der Par,

of binaural detection information occurring in a short tempo- g tf;‘]”d O’.f”ha”}’ At.h119€|97). ]:DEteIC“O”ﬂOf Ionfts i”,!‘i""”;’ﬁise g‘;ise:
. . . I r n r r n n -
ral epoch. We therefore do not view binaural sluggishness asggg. o o e o o envelope Tuciuations, t Ac Beb

incompatible with a detection process involving relatively evitt, H. (1972. “Transformed up—down methods in psychoacoustics,” J.

fast sampling of interaural correlation. Acoust. Soc. AmA9, 467-477.
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