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This study investigated binaural detection of tonal targ®®® H2 using sets of individual masker
waveforms with two different bandwidths. Previous studies of binaural detection with wideband
noise maskers show that responses to individual noise waveforms are correlated between diotic
(NoSp) and dichotic (NS,) conditions[Gilkey et al,, J. Acoust. Soc. Am78, 1207-12191985];
however, results for narrowband maskers are not correlated across interaural configlissimie

and Colburn, J. Acoust. Soc. ArB9, 352—359(1991)]. This study was designed to allow direct
comparison, in detail, of responses across bandwidths and interaural configurations. Subjects were
tested on a binaural detection task using both narrowladd-Hz bandwidthand wideband100

Hz to 3 kH2 noise maskers that had identical spectral components in the 100-Hz frequency band
surrounding the tone frequency. The results of this study were consistent with the previous studies:
NoSy and NS, responses were more strongly correlated for wideband maskers than for narrowband
maskers. Differences in the results for these two bandwidths suggest that binaural detection is not
determined solely by the masker spectrum within the critical band centered on the target frequency,
but rather that remote frequencies must be included in the analysis and modeling of binaural
detection with wideband maskers. Results across the set of individual noises obtained with the
fixed-level testing were comparable to those obtained with a tracking procedure which was similar
to the procedure used in a companion study of rabbit subjébenget al, J. Acoust. Soc. Aml1],
346-356(2002]. © 2002 Acoustical Society of AmericdDOI: 10.1121/1.1423929

PACS numbers: 43.66.Pn, 43.66.pdRB]

I. INTRODUCTION Gilkey and Robinson, 1986; Isabelle and Colburn, 1991; Isa-
belle, 1995; Richardst al, 1991; Richards, 1992; Richards
The task of detecting a pure-tone signal in a noiseand Nekrich, 1998 Moreover, evidence supporting the pro-
masker has been a critical tool used by psychophysicists teessing mechanisms incorporated in the classical psycho-
probe the mechanisms of hearing.g., Fletcher, 1940; physical models are not obvious in recent physiological mea-
Helmholtz, 1863. This simple task has been a building block syrement¢Young and Barta, 1986; Milleet al, 1987; Rees
of auditory theory, playing a role in the development of con-5q paimer, 1988; Jiargg al, 1997a, b; Palmeet al, 1999,
cepts, such as the critical band filter, and models for th&og. The limits of our understanding of the tone-in-nose
integration of information across time as well as for the fun-yatection task are perhaps most striking in the context of
damental mechanisms of binaural hearing. Nevertheless, ”’tﬁnaural masking experiments, where the relation between

mgchan!sms with W,h'Ch normal-hearing listeners performyy,,o o and monaural processing is still not understood.
this basic task are still not completely understood. Althoughblassical critical

repeatedly been shown to conflict with observed date,

for example, Gilkey, 1987; Kidd, 1987: Kiddt al, 1989; auditory channels must be included to explain the results

(Zwicker and Henning, 1984; van de Par and Kohlrausch,
1999; Breebaartt al., 2001; Trieurniet and Boucher, 2001
dAuthor to whom correspondence should be addressed. Present addresshe failures of the classical models are even greater when
Department of Bioengineering and Neuroscience, Institute for Sensory Re- . . . . .
redicting the results of binaural detection with reproducible

search, Syracuse University, 621 Skytop Rd., Syracuse, NY 13244; eled? - ) ’ - R
tronic mail: laurel carney@isr.syr.edu noises, in which the details of responses to a set of individual
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repeated noise waveforms is investigat@@ilkey et al, sample-to-sample differences in the output of a simple
1985; Isabelle and Colburn, 1991; Isabelle, 1995; Gilkeycritical-band-based energy-detector model. Nevertheless,
1990; Colburnret al.,, 1997. energy-based models do not account for a substantial portion
This article reports the first experiments in a series ofof the total variance in subject respondesy., Gilkey and
studies that will utilize psychophysical measurements fromRobinson, 198f suggesting that energy at the output of a
humans, psychophysical measurements from rabbits, physitarrowband filter tuned to the target frequency may contrib-
ological recordings from the inferior colliculus of rabbits, ute to, but does not completely determine, the differences in
and computational modeling to explore the processing govresponses observed across samples. Moreover, simple ma-
erning tone-in-noise detection. This set of studies is linkechipulations of stimulus parameters, such as masker band-
by a common set of stimulus manipulatiomasker band- width and the interaural phase of the signal tone, yield results
width and interaural signal phgsand by a common set of that are not predictable by energy-related models.
reproducible noise maskers, which will allow direct compari- The current study was designed in part to explore an
son across studies of psychophysical, physiological, andpparent incongruity between studies with different masker
model responses to individual noise-alone and signal-plushandwidths, notably the studies of Gilkey al. (1985 and
noise waveforms. Isabelle and Colburl991). With a 500-Hz target and wide-
This article examines human monaural and binaural deband (100-3000 Hz maskers, Gilkeyet al. (1985 found
tection for both narrowband and wideband maskers, whichhat the across noise-sample pattern of respoftsesates
were generated from the same 25 noise waveforms such thahd false-alarm ratgdor the diotic (NyS,) condition was
the spectral components in the 100-Hz frequency region sucorrelated with the pattern for the dichotic $).) condition,
rounding the 500-Hz tone were identical under wideband anéven though the signal level was 10-15 dB lower for the
narrowband conditions. Most efforts to describe tone-in-dichotic condition. In contrast, with a 500-Hz target and nar-
noise detection have considered only the parameters of thewband(3-oct band maskers, Isabelle and Colbu(h991)
noise process and have ignored the statistics of the particulémund that hit and false-alarm rates were uncorrelated be-
noise waveforms presented. In a typical experiment, eactween the NS, and N,S,. conditions for two of their three
noise waveform is presented only once, and the average pesubjects. In subsequent work, they showed that the across-
formance across a large number of masker samples is studample differences in hit rate with narrowband maskers were
ied. Green(1964 used the term “molar” to refer to perfor- not well predicted by energy-related models, including the
mance averaged across the ensemble of masker waveforrequalization-cancellatiodEC) model (Durlach, 1963 and
in this way. Another method is to consider each stimulus anaross-correlation modelglsabelle, 1995; Colburnet al,
predict the subjects’ responses on a trial-by-trial basis. Greeh997. The difference in masker bandwidths used in the two
argued that a complete understanding of tone-in-noise detestudies with reproducible noise was hypothesized to be the
tion would allow the experimenter to predict this most likely reason for the discrepancy between these results
“molecular-level” performance. In practice, incomplete (Isabelle and Colburn, 1991VYet, if detection is based on
knowledge of the internal noise of the listener and the seenergy in the response of narrdwe., critical-bandl filters,
guential dependencies across trials makes trial-by-trial prethen performance for tone-detection tasks with narrowband
dictions impractical. Instead, a “quasi-molecular” approachand with wideband maskers should be similar. Studies of
can be employed, in which a set of reproducible noise wavebinaural detection using randorthonreproducible noise
forms is presented on multiple trials and the average remaskers have also concluded that there are differences in
sponse to each individual masker is analyzed. Several invegrocessing strategies between wideband and narrowband
tigators have studied tone-in-noise detection using thisnasker conditions, and betwee® and NS, especially
approach(e.g., Pfafflin and Mathews, 1966; Ahumada andfor narrowband masker&.g., van de Par and Kohlrausch,
Lovell, 1971; Ahumadaet al, 1975; Siegel and Colburn, 1999; Breebaarét al,, 2001).
1983, 1989; Gilkeyet al., 1985; Isabelle and Colburn, 1991; The hypothesis that differences in bandwidth explain the
Isabelle, 1995 In most of these quasi-molecular-level stud- differences in results between studies with reproducible
ies, performance is described in terms of the probability of anoises can be tested by using pairs of narrowband and wide-
“target present” response in one-interval experiments. Thusvand maskers generated such that they are identical in the
one measures the probability of correct detection, or a “hit,”narrow band around the target frequericg., approximately
(Py) and probability of a false alarm {)Pfor each sample in a critical bangland differ only outside the frequency range of
the set of reproducible noises. the narrowband masker. Gilke€$990 reported preliminary
Modeling studies have been only moderately successfulesults comparing wideband and narrowband maskers in the
at explaining subject performance in reproducible-noise exsame subjects; unlike Isabelle and Colbut®91), Gilkey
periments, but they have raised several interesting theoreticdund that false-alarm rates were correlated across interaural
questions, especially when results are compared across esenfigurations even with the narrowband maskatthough
perimental studie&Gilkey et al, 1985; Isabelle and Colburn, less so than with the wideband masketsowever, some of
1991; Isabelle, 1995 To a first approximation, the differ- the subjects in Gilkey’s study had unusual thresholds under
ences in hit and false-alarm rates across the ensemble tife narrowband BB, condition, which were substantially
reproducible noises in a monaural or diotic detection taskigher than those of Isabelle and Colburn’s subjects. Said
with wideband maskergWatson, 1962; Ahumadat al, differently, Gilkey’s subjects had similar thresholds under the
1975; Gilkey and Robinson, 198&an be explained by NyS; and NS, conditions, suggesting that they may have
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been using similar strategies under both conditions and malgabelle and Colburn, 1991When analyzing the responses

not have taken full advantage of the additional binaural cueto the NS, stimuli, 50 target-masker combinatiofthe two

available in the IS, condition. starting phases for 25 different reproducible nojisegre
The current study consisted of two experiments. Theconsidered.

first experiment tested both diotic §&) and dichotic

(NoS;) detection of fixed-level tones in narrowband andp, Experiment 1: Binaural detection with narrowband

wideband noise maskers. In the second experiment, a tracknd wideband maskers

ing procedure was used to control the signal level. In both | . 1 I d for d .

experiments, performance was examined across the en n experiment 1, responses were co _ecte or etec_tlon

semble of noise samplémolar leve} and on a sample-by- of a 5_00—Hz tone under diotic and dichotic condm_ons W|th

sample basigquasi-molecular level Because a companion the wideband and narrowband sets of reproducible noise

study in rabbitZhenget al, 2002 used a tracking procedure maskers.

to study behavioral performance across noises, it was import. Methods

tant to determine whether sample-level data obtained with

) a. Training Training consisted of three tasks: a two-
two different procedures were comparable.

interval two-alternative forced-choic€l,2AFC) tracking
task with feedback, a one-interval fixed-level task with feed-
Il GENERAL METHODS back, and a one-interval fixed-level task without feedback.

The subjects were four undergraduate studdtiteee  Within each task, the interaural configuration and masker
male and one femaleaged 18—20 years with normal hear- bandwidth varied across sessions according to a balanced
ing. None of the subjects had prior experience with auditoryLatin square, but were held constant within sessions. Each of
experiments. The subjects were tested individually in an IAChese training tasks used random noise masf&rs not re-
(Industrial Acoustics Co., Bronx, N)Ydouble-walled sound- producible noisg
attenuating booth. Both the masker and target stimuli were  First, the 2I,2AFC task with feedback was used to famil-
generated and combined using TOTucker-Davis Tech- iarize the subjects with the listening conditions and to pro-
nologies, Gainesville, PLprogrammable equipment and pre- vide an initial estimate of each subject’s threshold, which
sented to the subject via TDH-3Jelephonics Corp., Farm- was used to determine the initial tone level for subsequent
ington, NY) headphones. fixed-level testing. The subject’s task was to decide which of
two stimulus intervals containing noise also contained a tone.
The two-down—one-up tracking procedure estimated the

To compare subject performance across masker band0.7% correct point on the psychometric functidrevitt,
widths, narrowband and wideband noise maskers were crd-971). This procedure used 4-dB steps through the first two
ated with related spectra. Twenty-five independent widebandgversals and 2-dB steps for the remainder of the run. Ten to
reproducible noise maskers were created that had a rectah5 runs of the 2I,21AFC task were completed; the exact
gular spectral envelope with a bandwidth of 100 Hz to 3number of runs depended on the variance of the threshold
kHz, chosen to be consistent with the wideband maskeestimates. Each run consisted of 100 pairs of stimuli in
bandwidth used in the study by Gilkest al. (1985. The  which each interval of the pair had the same masker wave-
narrowband noise samples were obtained by digitally filterform.
ing the wideband noise samples so that the narrowband and Second, a one-interval, fixed-level task with feedback
wideband noise samples had identical phase and power spagas employed to familiarize the subject with the task and to
tra, component-by-component, in the 100-Hz frequencydetermine a signal level for each subject under each condi-
band, geometrically centered around 500 @562 to 552 tion that would lead to a value af’ near unity, whered’
Hz). The narrowband masker was chosen to be similar to that z,,— z;, andz, and z; were thez-scores derived from the
of the narrowband masker employed by Isabelle and Colburoverall probability of a hit (F) across samples and the over-
(199)). The long-term expected spectrum level of both theall probability of false alarms (P across samples, respec-
wideband and narrowband maskers was 40-dB SPL. Both thiévely (MacMillan and Creelman, 1991Each run consisted
500-Hz target and the masker were 300 ms in duration inef 100 trials using random noise at the bandwidth being
cluding a 10-ms rise/fall time with a cosine-squared ramp. tested. The tone levels in this task wer8, +1, and—1 dB

For each bandwidth, thedS, and NS, stimulus condi-  with respect to the threshold determined by the 2I,21AFC
tions were each presented for approximately the same nuntracking task. Two runs at each tone level were completed for
ber of trials. Two different starting phases were studied foreach of the bandwidths and interaural configurations being
the NyS, condition; half of the NS, trials were created by tested. This sequence was repeated multiple times; levels
adding the tone with a 0° starting phd$¢,S,(0°)], and the  were adjusted(with 1.0-dB resolutioi until performance
other half were created using a 180° starting phasevas stable and’ was approximately unity for the interme-
[NoSy(180°)]. These two starting phases represent theliate level tested. Random noise at the bandwidth being
stimulus combinations that make up thg\ stimulus; the tested was used in all training trials that had feedback to
results for both starting phases of thgyistimuli are useful  prevent subjects from learning the unique characteristics of
for understanding and modeling the relation between dioti¢the reproducible noises.
and dichotic conditions. Performance in the diotic case varies  Finally, the same one-interval task was repeated without
with the starting phase of the target tai@&lkey et al, 1985;  feedback to determine if the levels estimated from the psy-

A. Stimuli
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TABLE I. Tone level (&/Ng)? in dB, d’, and 8 are shown for each subject, interaural configuration, and
bandwidth(NB: narrowband, 100 Hz geometrically centered around 500 Hz; WB: wideband, 100-3000 Hz
The x? andN? values are given for performance across reproducible noise samples for batid B. Ther

values are Pearson product-moment correlations for the first half of the trials versus the last half of the trials for
each subject and condition. All of th¢? values and values are significantp<0.01)

Pn P
Interaural
configuration ~ BW S EN, d’ B x° N r b N r

NoSy NB S1 11.8 1.14 1.34 1115.0 96 0.88 907.1 96 0.82
S2 11.8 0.98 1.14 1355.7 96 0.83 1397.2 96 0.81

S3 12.8 0.77 1.00 309.0 96 0.60 216.2 96 0.59

S4 12.8 1.32 0.75 498.6 62 0.71 605.4 62 0.56

WB S1 10.8 0.94 1.13 1778.8 96 0.93 932.0 96 0.84

S2 9.8 1.01 109 18113 80 0.94 1406.4 80 0.88

S3 13.8 1.05 1.01 499.3 64 0.66 200.8 64 0.52

S4 10.8 0.72 0.89 882.8 64 0.84 590.4 64 0.77

NoS, NB S1 —6.2 0.82 0.86 186.6 64 0.72 212.3 64 0.69
S2 3.8 1.07 1.12 224.4 64 0.73 357.4 64 0.91

S3 1.8 0.71 0.97 107.7 88 0.76 93.2 88 0.74

S4 —-6.2 096 0.86 278.4 64 0.71 301.5 64 0.68

wB S1 -02 1.02 108 674.2 96 0.93 659.3 96  0.94
S2 -22 111 102 370.1 56 0.87 552.9 56  0.96
S3 48 080 094 133.4 96 0.64 164.3 96 0.68
S4 0.8 0.89 0.90 316.3 64 0.79 342.1 64  0.87

N is the number of trials per reproducible noise sample. N'ier the N;S, conditions is a combination of trials
from the two tone phases.

PBecause both of the tone phases are included in {8 dbndition, there are 50 items; there are 25 items in
the NyS,. condition. Therefore, the degrees of freedom in the two conditions are 49 and 24pamdl NS, ,
respectively, for thee? test; 48 and 23 for p&, and NS, respectively, for Pearsonis

chometric function would still yield a value af’ near unity  feedback at the tone level chosen during the preliminary test-
with feedback turned off. If it did not, the tone level was ing. Twenty-five reproducible noise masker waveforms were
again adjustedwith 1-dB resolution to obtain a value o#l’ used in testing tone detection in each condition. Within each
that was again near unity. run, each noise sample was randomly presented exactly four

b. Testing Four subjects completed a one-interval tone-times, two times with the tone and two times alone, so that
in-noise detection task for which the subject had to respon@ach run consisted of 100 trials with no feedback. Each
either “yes, the tone was present” or “no, the tone was notbandwidth and condition was tested for two to three sessions,
present.” The 500-Hz tone was fixed at a level determined byvhich resulted in 56 to 96 trials for each signal-plus-noise
the training tasks described above. Final analyses were coand each noise-alone sample in each condition. The interau-
ducted on results for a single tone level at which stable perral configurations and noise masker bandwidths were ran-
formance with ad’ near unity was maintained over a com- domized across sessions using a balanced Latin square.
plete set of rungTable ).

The bias paramete® was calculated as a measure of the
subject’s tendency toward one response using the expressién Results and discussion

,8=e‘°-5(zﬁ‘zf) (MacMillan and Creelman, 1991A B value The molar-level results(i.e., averaged across noise
of 1 corresponds to no bias, so that the subject will respondample$ are shown in Table |, including &N, in dB, d’,
“tone” and “no tone” equally often.B values greater than 1 and B, for the four combinations of interaural configuration
indicate that the subject responds “no tone” more oftgn; (NgSp; and N,S,)) and masker bandwidtfNB: narrowband,
values less than 1 indicate that the subject responds “tonel00 Hz bandwidth; WB: wideband, 100—3000 Hz barite
more often. The experimenter gave the subjects verbal feeather entries in Table ly?, N, andr-values for hits and false
back on the bias of their responses if the valueBdior a  alarms trials, will be discussed later in this work. Subject
session strayed more than 15% from unity. performance was near the targeted levels<1, f=1) in all
Each testing session consisted of four identical sets ofases. Moreover, the performance levis/N, in dB) are
trials. Each set began with 20 practice trials with tone stimulicomparable to those typically observed in molar-level ex-
at a level 2 dB above the level that resulted id’aof unity. periments employing similar stimulireviewed in Durlach
Listeners were given feedback after each of the practice triand Colburn, 1978 Because thél’ values were not exactly
als. Random noise at the bandwidth being tested was used ane, and psychometric functions were not obtained in this
these practice trials to prevent subjects from learning thetudy, exact values of the MLD cannot be determined. Nev-
unique characteristics of the reproducible noises. Each sefrtheless, approximate MLDs from these results range from
then continued with four runs consisting of 100 trials withoutabout 9 dB to about 12 dB for the wideband maskers, and
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from about 8 dB to about 19 dB for the narrowband maskerstrials for each condition must be taken into account when
Most of these values are compatible with those that haveomparingy? values. These greater differences in responses
typically been observed for similar conditions in the litera- across noise samples for thg3y condition were also re-
ture (reviewed by Durlach and Colburn, 1978{owever, it  ported by Isabelle and Colbur(l991) and are consistent
should be noted that the results for subject 2 under & N with the greater dependence of detection threshold on target
condition are unusual and indicate substantially worse molaphase for the B5, condition, which has been reported in
level performance under the narrowband condition than unprevious studies of detection in reproducible noig@gkey
der the wideband conditiofithis subject has a relatively et al, 1985; Langhans and Kohlrausch, 199Fxamining
small MLD, about 8 dB, for the narrowband conditjorl- these data at the quasi-molecular level indicates statistically
though there is no obvious explanation for this anomaly, consignificant sample-by-sample differences in subject re-
siderable variability across subjects has been reported f@aponses that are not, by definition, considered in a molar
performance in binaural detection tasks, particularly for narievel analysis. The goal of this series of articles is to utilize
row bandwidths(Bernsteinet al, 1998. In summary, these these sample-by-sample differences to determine the pro-
molar-level results are representative of those that would beessing that the observer uses to judge the presence or ab-
expected in an equivalent experiment that did not employsence of the target.
reproducible noise maskers. a. Comparison of responses across bandwidthshe

A summary of the molecular-level data can be seen irsubjects base their judgments only on information within the
Fig. 1, in which the results for each subject under each binauditory filter centered at the 500-Hz target frequency, then
aural presentation mode and each masker bandwidth atbe effective stimuli under the wideband and narrowband
shown separately in receiver operating character{&©C) conditions are identical. If so, the patterns of responses seen
space. The top three rows of plots are for responses to nain the panels in the upper half of Fig. 1 should be identical to
rowband stimuli, and the bottom three rows are for widebandhe corresponding patterns in the lower half of Fig. 1.
stimuli; each row represents a particular interaural configu- To examine this prediction more closely, the correlation
ration. Each plotted character shows the proportion of hitbetween responses under the narrowband and wideband con-
(P, and the proportion of false alarms{Hor a particular  ditions is shown in Table Il, separately fof &1d R, and for
noise sample; each character refers to the same noise samplech binaural presentation mode and subject. For ¢& N
in all panels. As can be seen, the characters are distributembndition, the correlations for all of the subjects are signifi-
broadly throughout the upper half of ROC space. fffe cant for B; three of the four subjects are significantly corre-
values shown in Table | indicate that in each panel theséated for R and the fourth subject shows positive, but insig-
across-sample differences in, Rnd R are significantly nificant, correlation. These results indicate that subjects are,
greater than would be expected by chance alone and therelry some degree, using the same information in the wideband
indicate that the subjects’ responses were driven by the pro@nd narrowband maske(s.g., the information contained in
erties of the individual noise-alone and signal-plus-noisehe critical band centered at the target frequertoymake
samples. Said differently, some noise-alone and signal-plugheir judgments about the presence of the target in th N
noise samples “sounded” more like they contained the targetondition. However, a measure of the strength of these cor-
tone than others did. For example, Sample O can be seen ielations in the context of the stability of subjects’ perfor-
the upper right-hand corner of most of the panels, implyingmance can be obtained by comparison to the intra-subject
that this sample sounded like it contained the target tone onorrelations in Table I. The observed correlations of re-
both noise-alone and signal-plus-noise trials under most corsponses for the two bandwidths, while significant, are lower
ditions. In contrast, some samples appear below the positivihan might be expected based on the correlation between
slope diagonal in some conditior{e.g., sample A for all each subject’s responses during the first half and second half
subjects in the {5, wideband condition with 180° tone of the runs(Table l), which was significantly greater than
phase, indicating that the effect of adding the target in thesethat across the two bandwidths. Tests of significant differ-
cases was to reduce the probability of a “yes” response. Saiénces for non-independent correlations were used to compare
differently, adding the target made the sample sound less likthe across-bandwidth correlation to the first-half—last-half
it contained a target. Gilkey1981) found that these cases correlations for NS, hits. Fourteen of the 16 resultant com-
with lower values of Rthan R tend to occur when the phase parisons(2 bandwidth& 2 halves<4 subjects were signifi-
angle of the signal is such that adding the signal to the noiseant at the 0.05 level. The significantly decreased correlation
tends to reduce the energy in the noise near 500 Hz. Theseross bandwidths relative to the first-half—last-half correla-
cases occurred in the present study predominantly in the twtion implies that information outside the 100-Hz band cen-
wideband NS, conditions. tered at the signal frequency affects the subject responses in

The differences in performance on the tone-detectiorthe wideband condition. Consistent with this result is Gilkey
task across the set of reproducible noises were comparable &md Robinson’§1986 ability to explain more of the sample
those reported in previous studies, based on a comparison dépendence with a model that combined seven 50-Hz bands
ROC plots(Gilkey et al,, 1985; Isabelle and Colburn, 1991 over a range of frequencies than they could with a single
and x? values(lsabelle and Colburn, 1991Greater differ- frequency band.
ences in responses across the set of reproducible noises for For the NS, condition, none of the subjects show val-
NS than for NyS,, can be observed in Fig. 1, and are alsoues of B that were significantly correlated across the band-
reflected in they? values in Table [note that the numbers of widths (Table II). For two subjects, fwas significantly cor-
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FIG. 1. R, vs R for each reproducible noise samigta” through “y” ) for each subjectcolumng, bandwidth(top three rows versus bottom three royend
interaural configuratioifrows).

related across bandwidths, but these correlations werge two bandwidths implies that, for all subjects,S\ re-
significantly lower than the comparable correlations betweersponses in the wideband condition are influenced by infor-

each subject’s responses for the first and second halves of theation outside the critical band centered at the signal fre-
runs (Table . The weak or insignificant correlations across quency, thereby lowering the correlation with responses in
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TABLE II. Correlations between results for the wideband and the narrow-TABLE Ill. Correlations between results for the two interaural configura-
band conditions. Pearson product-moment correlations are given for eadions, NyS, and N)S,,. Pearson product-moment correlations are given for

subject and interaural configuration for both &8nd R. df=48 (N,S), each subject and bandwidth. Note: Because the two tone phases were aver-
23 (NyS,,) (see note in caption for Tablg. | aged for the S, condition in the comparison todS,., all correlations have
23 degrees of freedom.
Interaural
configuration Subject r (P r(Py) Bandwidth Subject r (P r (P
NoSo S1 0.72 0.66 NB S1 -0.15 0.23
S2 0.52 0.58% S2 0.86 0.92
S3 0.43 0.47 S3 0.38 0.25
S4 0.38 0.22 S4 -0.50° -0.17
NoS, S1 —0.06 0.20 WB S1 0.77 0.94
S2 0.26 0.48 S2 0.7%8 0.98¢
S3 -0.03 0.47 S3 0.43 0.7
S4 0.05 —-0.08 S4 0.86 0.9%
3<0.01. 3<0.01.
Pp<0.05. Pp<0.05.

the narrowband condition. Moreover, the effect of

. . . .~ tions. Table 11l shows that the responses of all four subjects
frequencies outside the critical band centered at the signal P )

frequency appears to be substantially greater in tg8,N Were significantly correlated across interaural configurations
q y anp y 9 7~ with the wideband maskers, which is consistent with Gilkey

condition than in the B5, condition. )
These results are compatible with the unpublished re?t al. (1985. With the narrowband maskers, the responses of

sults presented by Gilke§d990, who found significant cor- tvyo subjects(Sl, 83'Were. npt significantly correlateq for
relations between values of B wideband and narrowband either signal-plus-noise trial§.e., B,) or noise-alone trials

NoSp conditions, but substantially smallélthough still sta- (ie., R), the responses of one SUbJE@Z) were posmvely_
tistically significant for two out of three subjegtsorrela- correlated for both noise-alone and signal-plus-noise trials,

tions between values of; fh the wideband and narrowband and the responses of one subjés4) were negatively corre-

NoS. conditions. The weak relation between wideband anC]ated(but only for signal-plus-noise trigisThese results are
narrowband responses in the3y condition is also consis- consistent with the diversity in response patterns across sub-

tent with subjective reports about the cues used in tf& N jects reported by Isabelle and Colbu@h.99]) fpr ngrrqu—
condition for narrowband and wideband stimuli. Specifically, ban_d_ maskers(They reported one subject with significant
in the narrowband case, the “width” or “shape” of the bin- positive correlations for both hits and false alarms, and two

aural image is generally reported to provide a cue for detecSUPjects with negative, but not significant, correlatipns.
tion; in the wideband case, the strength of the tonelike per'_l'.hese results suggest either that _dlfferent processing strate-
cept is reported to provide a cue for detection. These resul@eS are used for different bandwidths or that masker com-
are also consistent with the conclusions of van de Par anBonents outside the critical band have a significant impact on
Kohlrausch(1999 and Breebaarét al. (2001 using random the processing of stimulus components within the critical
(nonreproducible noise maskers across a range of bandPand.
widths. However, they concluded that subjects were perform- ~ d. Comparison of performance across subjecthie
ing the task based on a single auditory filter centered at theomparisons across bandwidths and interaural configurations
target frequency in the wideband case, whereas integratioplresented above illustrate trends that were generally true for
across a number of different auditory filters was used in thell subjects. For example, the, Results for the NS, condi-
narrowband case. The reproducible noise results presentdéi@n were strongly correlated across bandwidths for all sub-
here provide a means to test specific predictions of this ani€cts, and the Presults for the NS, condition were not
other models in future modeling studies. correlated for any of the subjects

c. Comparison of Responses across Interaural Configu-  Intersubject correlations are shown in Table IV. The re-
rations. The potential difference between results for wide-sponses across reproducible noise maskers were significantly
band and narrowband conditions was first indicated whegorrelated for all pairs of subjects for the®y condition for
values of Pand R, were compared across interaural configu-all cases, including both hits and false alarms and both nar-
rations for sets of reproducible narrowband maskers by Isarowband and wideband masker, Sy results were also sig-
belle and Colburn(1991), who found weak and typically nificantly correlated for all pairs of subjects for the wideband
insignificant correlations, and for wideband maskers bymaskers, for both hits and false alarms. However, for the
Gilkey et al. (1985, who found significant correlations. narrowband NS, condition, only two subject§S1 and SB
However, these results were for different subjects and differhad significant positively correlated performance; one pair of
ent reproducible noise samples. The current study allows thisubjects had a significantly negative correlation for perfor-
comparison within a single experiment. Based on the previmance on hits, and all other correlations were insignificant
ous reports, it was expected that performance fg&,Naind  for the narrowband B, condition. The degree of variability
NoS, conditions would be correlated under the widebandin performance across subjects in this study was consistent
conditions and uncorrelated under the narrowband condiwith that reported for similar tasks by Bernsteinal. (1998.
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TABLE IV. Correlations of responses between subjects. Pearson product-

The same one-interval, yes—no task that was used in the

moment correlations are given for each subject pair under each interaur.ﬂxed_|eve| procedure of experiment 1 was used for the track-

configuration and bandwidth. €48(NySy), 23 (N,S,,) (see note in caption

ing procedure here, and the same fixed number of trials were

for Table ). . . ]
included in each run. However, the tone-level in each tone-
Interaural _ _ _ plus-noise trial was adjusted by following a two-down—
configuration  Bandwidth  Subject pair 1 (Py) r(Py) one-up rule(Levitt, 1971). Tone levels were adjusted based
NoSo NB S1-S2 0.52 0.44 on the subject’s responses for tone-plus-noise trials only. For
S1-S3 0.4% 0.56 each track, 4-dB steps were used until there were two rever-
S1-54 0-42 0.3 sals and then 2-dB steps were used for the remainder of the
2322 8'25 g'gg run. The 70.7% correct detection threshold was calculated by
S3-54 0.68 067 averaging the reversalgfter the step-size changef each
track. Signal trials that were presented at levels between one
we S1-52 0.8 0.63 step above and two steps below the mean reversal level were
S1-S3 0.68 0.58! . . . . .
51-54 0.8 0.56 used for the reproducible noise analysis, consistent with the
$2-53 0.63 0.58 analysis used in the companion stu@henget al, 2002.
S2-S4 0.73 0.58 Subject S1 was tested on narrowband conditions and subject
S3-s4 0.71 0.47 S4 was tested on wideband conditions.
NS, NB S1-S2 -059  —0.34
S1-S3 0.50 0.55" 2. Results and discussion
S1-S4 -0.05 0.19
$2-53 019 ~0.09 Table V shows the summary of the data collected from
S2-S4 -0.32 -0.16 these two subjects, which can be compared to their results in
S3-54 -0.18 —-0.25 Table | for Experiment 1. With the tracking procedure, sub-
WB 51-52 0.58 0.6 ject 1 shows a MLD of 16 dB for the narrowband condition
S1-S3 0.63 0.60% and subject 4 has a MLD of 12 dB for the wideband condi-
S1-S4 0.68 0.77 tion. As can be seen, both molar-levghreshold values of
S2-S3 0-62 0.54 Es/N, in dB) and quasi-molecular-levéy? and correlations
S2-54 0.5 0.6t between the first and last halves of the tniatesults are
$3-54 0.62 0.78 . . :
comparable for the two experiments. Subject 1's threshold
3 <0.01. for the NyS,, condition was higher by approximately 3 dB
Pp<0.05. whereas subject 4’s threshold was lower by 2 dB when per-

C. Experiment 2: Comparison of tracking and

fixed-level procedures

1. Methods

forming the fixed-level experiment. Table VI shows that the
sample-by-sample correlations between experiments 1 and 2
for both subjects were significant and positive for both hits
and false alarms for all four combinations of bandwidth and
interaural configuration. The results from the two testing pro-

Experiment 1 was conducted at a fixed-tone level; how-cedures were strongly correlated for both subjects and for all

ever, a companion studiZhenget al, 2002 used rabbits conditions tested. Although these subjects were all tested ex-
that were studied with a tracking procedure. To explore poiensively using fixed-level procedures before testing with the
tential differences in performance that might be related tdracking procedures, it appears that tracking and fixed-level
these different testing procedures, a tracking procedure wgwocedures yield similar results and that the results of our
used to retest two of the subjects from experimef1l and planned across-species comparisons would not be substan-
S4), and the results of the two procedures were compared.tially obscured by this difference in procedure.

TABLE V. Experiment 2 results. Tone level {fNy) in dB is shown for each subject and condition. The values

of x? andN? are given for performance across reproducible noise samples for paitidFR. Ther values are
Pearson product-moment correlations for the first half of the trials versus the last half of the trials for each
subject and condition. All of thg? values and values are significantp<0.01) °

Py Pr
Interaural
configuration BW S E/N, I N r G N r
NoSo NB S1 12.8 302.1 88 0.62 370.6 160 0.71
NoS, -3.2 291.6 94 0.91 204.3 160 0.74
NoSy WB S4 10.8 493.3 70 0.74 448.1 120 0.87
NoS, -1.2 268.6 98 0.84 730.3 160 0.97

N is the number of trials per reproducible noise sample. N'ier the N;S, conditions is a combination of trials
from the two tone phases.

PBecause both tone phases are included in & bondition, there are 50 items; there are 25 items in th®,N
condition. Therefore, the degrees of freedom in the two conditions are 49 and 24,3graNd NS, ,
respectively, for thee? test; 48 and 23 for p&, and NS, , respectively, for Pearsonis
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TABLE VI. Comparison of performance for the fixed-level versus tracking It has been established in detection studies with rabbits
results. Pearson product-moment correlations between results for the W at differences in detection performance are observed across
aradigms are shown. . .

paradig noise samplegEarly et al, 200J). A study of tone detection

Interaural in rabbit using narrowband and wideband maskers and using

Bandwidth configuration Subject 1 (Py) r(P) the interaural configurations of the current study is the topic
NB NoS, s1 0.79 0.76 of the companion articléZhenget al, 2002. Similar trends

NS, 0.88 0.84 across bandwidths and interaural configurations were found

for the rabbits as were found for the human subjects in the

we l'\\:sgo s4 g'gg 8:;? current study. Future studies will pursue the problem of di-
i otic and dichotic masking with signal-processing- and physi-
3 <0.01. ologically based models, and with physiological experi-
ments.
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