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13. ABSTRACT

We have completed the final construction of the sound-deaden listening room and the digital
library of stored words, numbers, and letters, from nine English speaking males. We conducted
pilot experiments on 20 subjects listening to one and two sound sources at a time. The results of
the pilot experiment indicated that the sound room was well calibrated and allowed us to
determine that a few of the words, letters, and numbers should be re-recorded. In addition the
pilot experiment suggested a few modification to our protocol. The new utterances have been
recorded, the protocol modifications made, and a new set of 10 subjects were tested. The results
from this additional set indicated that we had a good listening room, set of utterances, and
procedure. From October until January of 1993 we will test the headphone listening protocol
making adjustments were necessary. We plan to collect data in the full experiment starting late
January 1994.
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Progress reports on Research Activity
Associated with Air Force Office of
Scientific Research Support

Multiple Sound Source Determination, W.A. Yost, R.H. Dye,
Jr. and S. Sheft

We have completed the final construction of the sound-

deaden listening room and the digital library of stored

words, numbers, and letters, from nine English speaking

males. We conducted pilot experiments on 20 subjects

listening to one, two and three sound sources at a time.

These results indicated that listeners could do a good

job of judging words and sound location for up to three

simultaneous loudspeakers. The results of the pilot study

allowed us to determine that a few of the words, letters,

and numbers should be re-recorded. In addition the pilot

experiment suggested a few modifications to our protocol.

Specifically, we added a part in which the listeners will

be asked to go through the experiment a second time, in

order to get a better measure of "learning." The new

utterances have now been recorded and tested. The

protocol modifications were made and a new set of 10

subjects were tested. The results from this additional

test indicated that we had a good listening room, an
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appropriate set of utterances, and that Lhe procedure was

a reasonable one fur the undergraduare pool from which we

obtain our listeners. From October unrtl January of 1993

we will be testing the monaural listening part of the

experiment. In this paL-t the sounds trom the listening

room will be picked up by d single microphone and played

to one headphone of the lisLener who is seared in a

sound-proof room at a location rvmote from the lisreniiiy

room. We pldn to start the full scale experiments in

both the listeninq room and the monauLal condition during

January 1994. We will present the resulLs of this work at

the 1994 meeting of the Acoustical SocieLy of America in

Cambridge MA.

In addition, in anoLher pilot experiment we have

measured the MDI etfert in the listening room. We found

that. the ability to detect modulation of a tone aL one

speaker is interferred with by a modulated tone coiaing

from a different speaker. Thus, the MDI effect existLs

even tor spaLially separated signals, although the

magnitude of the effect is less when the sounds come from

different loudspeakers than when tney come- from the same

speaker.

• Ill I -
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We also observed LhIdL ilcduldLion seem Lu wazke Lhi

&'ranssen effect even stronger. That is, if the modualted

tone came on in one speaker slightly before that in the

other speaker, all of the sound was locnated ar the

leading speaker. The strength ot this localization to the

leading speaker, was stronger when the tones were

modulated than whcn they were unmodulated. We plan to

find an objectivc psychophysical procedure to measure

this effect.

Suwid Localization, R. H. Dye, Jr. and W.A. Yost

The main thrust of the wurk Lhis past year has been to

develop and refine a psychophysical pruceduie LthaL allows

one to characteri7e listeners as spectrally analytic or

spcctrally synthetic in binaural iateralization tasks.

We have developcd a stimulus-classification paradigm that

allows one to assess the relativc contribution of target

did distractor components in judgment3 of the pcrccived

laterality uf bignals presented through headphones. In

this task, the iaLtrdutal differences (time or level) of

the target and the distractors vdLy from trial to trial,

and the Ilst'eners are asked Lu indicate whether the
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target woo lateralized to the left or right of the

intracranial midline. One tone serves as the tarqet and

one tone serves aa the distractor. For each block of 100

Lzilt;, Lhi LdLg cwid Lhi d1L.Ld(CLo dLe presented at 10

different interaural differences. Each possible pairing

of rarger and disrracror interaural difference is

presented once (in a random order) during each block of

trials. A cue interval, consisting of a diotic

presentation of the target component alone, precedes each

tcst interval. Subjects are instructed to indicate

whether the target component appeared to the left or

righL of Lhe inLracsaniial midline.

Left-right judgments are accumulated across a fixed

number (10 or 20) of repetitions of each condition and

then displayed as a joint tunction ot the target (x-axis)

and distractor interaural differences (y-axis). Target

wcighto are derived from the slopc of the linear boundary

providing the be3t 3egregation of left and right

responses (M- -wT/wD) according to a criterion which

minimizes the sum of the Euclidean distances between the

boundary and "misclassified" left and riqht responses.
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Target weiqhLs near 1.0 indicate judgments that are

independeiLL of the distractor interaural difference,

while weights near 0.5 indicate equal wcighting of the

target and distractor. Weights 13s than 0.5 indicdLe

greater weight being givcn to the distractoL than the

target.

During the past year, a study uf the effect. of

duration on the ability of listeners Lo segregate rargets

bascd on interaural diffeLences of time (iDTs) was

completed (for 753-Hz Largets and 55.3-Hz distractors).

Six of the nine subjects showed increasing wTs with

durdtion (which varied from 2b to 400 ms). The remaining

three showed li.ttie change with duration: one was

analytic at all durations (wTs near 1.0), one wds

synthetic at all durations (wTs near 0.5), and one was

intermediate (WTs). A second study examiiied the ability

of listener3 to lateralize 753-Hz targets based on

interaural differences of level (IDLs) as a function of

the distractoi: £cequency (253 Hz, 35.9 HZ, b53 Hz, 953 Hz,

1253 Hz, 1753 Hz, and 2753 Hz). Two of the four

listeners yielded target weights near 1.0 whon the

frequency separation between the target and distractor
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was large. Two weighted the target and distracLor equally

under the same conditions. AlI show a luw-frcquency

dominanco, whereby the lower frequency is weighted more

heavily than the higher frequency Eegdrdless of whetner

it .3 the tarqet or Lhe distracror when the two arc

within severdl hundred Hz of nne another.

A sLudy is currently underway in which the target is

presented with An IDT and the distractor component is

presented with an IDL. Pzeliminary data show thaL time

and level differences are processed in a spectrally

synthetic manner under the same condiLions in which

target and diotractor time differeuces and targert and

distractor level differeiices were synthetically

processed. In other words, spectrally remote distractors

possessing a different binaural cue than the target

influence t.rget laterality in the same manner as

distractors possessing the same binaural cue as the

target, as though interaural time and level trade acL'us

the frequency domain.
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Amplitude Modulation in Sound Source Dcterminatiun, W.i..

Yost, S. Sheft

The work investigates the role of cross-spectral envelope

PLucessing in spectral grouping within the context of

sound source determination. RecerLt work has investigated

the effect of prior stimulaLion on the cross-spcctral

processing of AM. Thresholds were measured for detecting

AM of a 2049-Hz probe carrier in the presence of a two-

tone masker complex (909 and 4186 Hz). The probe and

masker were modulated in-phase at 10 Hz. The modulated

probe was preceded by either a 2 00-ms 2049 liz tone burst

(precursor) or an unmodulatcd carrier frinqe. PecuLsuor

and masker on3ets were synchronous, with Lhe interval

between precursor o£eShL dud probe onset (At) either 0,

40, or 160 ms. The precursor was either unmodulatcd,

modulated at 10 Hz in-phase with the masker, modulated at

10 Hz anti-phasic to the maskcr, or modulated at 20 Hz.

For &t's of 0 and 40 ms, modulaLiun uf the precursor

lowered probe AM detection thresholds with pertormance

generally best with 1O-Hz precursor AM. Results then

show that the processing ot probe modulation is atrectecd
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by prior stimulation. In the fringe conditions, the

tinmrnudatred probe carrier preceded the masker onset, with

the probe- and mnasker-modnltinn nnsprs synchronous.

Fringe duration was either 50, I00, or 200 Ins. The

addition of the fringe improved performance only with the

50 ms fringe. This finding suggesto a limited temporal

extent to spectral segregation based on onset asynchrony.

Processing HdLuiuiiC1Ly acnd Intensity of Complex Signals,

W.A. Yost, and S. Sheft

As a consequence of a visit trom Roy Patterson, or

Cambridge England, the Parmly Hearing Institute's first

Visiting Scholar, we made a fascinating discovery which

will occupy a great deal of our effort in the coming

months. We discovered at least two ways of generating the

stimulus we rLfeL Lu as iterated ripple noise, which are

simulations of a sound and iLs itiy tulhoes oQ.L

retlections. These two versions of iterated ripple noise

often produce very different spectral patterns, but yet

can yield stimuli that are dirticult, or in some cases,

impossible to discriminate one from the other. 'I'hese
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iterated ripple noise stimuli differ in either the pitch

or the pitch strength of the complex repetition pitch

produce by ripple noises. We have been unable to find a

spoctral rule that can account for these difCiuult

discriminations. However, the autocortelaLiun function

produces a seL of simple rules that have allowed us to

describe the psychophysical discriminatinn data. Perhaps,

even more imporrantly, we can show that a simple

transform or the intormation in the Patterson-Holdsworth

auditory image model produces a type of autocorrelation

output that also accounts for the data. Since the model

is based on probable physiological mechanisms that are

both 3implier and more physioloqical realizable Lhiu

autocorrelation, we feel thaL Lhe discU.ViiLdbility can be

accounLed for by physlologiCdl CiLcuiLs which we should

be able to investigate in the chinchilla. This work maybe

the first cnlear criir ePnmple of how the current spectral

models of complex pitch processing can not account for

the way in which complex pitch is processed. The work

with the model suggests that time based modcls arc better

able to account for the3e and other complex pitch data.
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