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ABSTRACT

Thefirst experimentdescribedhere askswhether listeners
are able to selectively attend to one of two sentences
differing in medianvertical plane (MVP) location using a
paradigmdevelopedor azimuthalattention[1]. It alsoasks
whether their ability to use MVP cues improves with a
differencein fundamentalfrequency(Fo) betweenthe two
sentenced.istenersattendto one of two simultaneousame-
talker utterancesand report which of two target words
("speech"or "phrase™)occur in the attendedsentence. The
sentencesare played from mached loudspeakersin an
anechoicchamberfrom different MVP positions. When the
sentenceareboth playedon the sameconstantFo, listeners
reportthe targetword almost perfectly with a 31° vertical
separation. For smaller separationsperformanceis worse
but improveswith increasingdifferencein Fo betweenthe
sentencesThis improvemenis notdue to the Fo difference
improving listeners'ability to use MVP cues,but rather to
their using continuity of Fo differenceto track the target
sentence Whenthe sentenceare low-passfiltered, listeners
are less able to use MVP cues and so there is a greater
relativeuseof Fo continuity. Thesecondexperimentshowed
that both the ability to selectivelyattend to one of two
sentencesind the ability to localisea single sentencewere
worsewith headphonepresentationafter convolution with
individually-optimisedlibrary HRTFsthan with free-field
presentationHowever,the low-passfiltering at 5 kHz gave
relativelylittle additionaldegradationn eithe task.

1. INTRODUCTION

Although it is well-establishedthat listeners can attend
selectivelyto speectsoundsourcegshatcome from different
azimuthal positions, even when their location is cued
simply by interauraltime differences[1], it is less clear
whether listeners can also attend selectively to speech
soundsthat come from a given position in the median
verticalplane(MVP). If suchattentionis possible,thenan

interestingguestionis raisedasto how listenersareable to

associatehe high-frequencyspectralcuesto MVP location
with the appropriatdow frequencieswvhich give the content
of the speech.

Tracking sound sourceswhich differ only in MVP
positionis likely to be more difficult than tracking sound
sourcesthat differ in azimuth. Good and Gilkey [2] had
listenerslocalisea click train at 239 possiblelocationsin
the presencef adistractornoisecentredstraightahead. As
the signal-to-noiseratio (SNR) was decreasedlocation
accuracyfor sourcedying on the horizontal planedecreased
monotonically. However,the location accuracyfor a source
thatdifferedin MVP locationwas more strongly influenced
by the noise.

One way in which listenersmight group together the
high-frequencyspectralregion which is the main source of

MVP cueswith the lower frequencycontent-bearingegion
is to use a commonfundamentalfrequency. Justas it is

possiblefor listenersto group togetherthe higherformants
with the first formant across resolved and unresolved
harmonicsby using a common Fo [3], so it might be
possible to group together using a common Fo the
frequencyregion below 3kHz with that aboveit for the
purposesof assigningthe appropriateMVP locations to

simultaneouspeechutterances.

2. EXPERIMENT 1

This experimentaskstwo questionsfirst, canlistenersuse a
common MVP location to follow a particular utterance;
secondjs this ability improvedby havingadifferencein Fo
betweenthe utterances.

In order to investigatelisteners'ahbility to follow a
soundsourcerather than to investigateintelligibility, we
useavery simpletaskwith maximally-predictablematerials.
Listenershave to follow one of two sentenceswhich are
playedon everytrial, and to identify which of two possible
targetwords occurredin the attendedsentence. In this
experimenthey cansolvethis taskusingMVP location.

We are also interestedin whether differencesin Fo
betweenthe sentencedémprove listeners'ability to use the
MVP cue. Consequentlywe vary systematicallythe Fo
difference betweenthe two sentences. However, since we
know that listenerscan use a constantdifferencein Fo to
help them perform the tracking task [1], we introduce a
"switched"conditionin which the Fo of thetwo targetwords
is switched. In these switched trials there is always a
differencein Fo betweenthe two sentencesnd targetwords,
so that any advantagethat this Fo difference gives to
establishingVVP location would remain, however, we can
thenremovethe confoundingeffect of listenerstracking Fo
by averagingheir responseo the switchedand unswitched
conditions. If a differencein Fo improveslisteners'ability
to use MVP location in this task, then this averagescore
should increasewith the difference in Fo. A secondary
reasonfor including the switched conditions, is that it
allows us to comparethe relative effectivenesof the MVP
cueandthe Fo differenceastrackingcues.

2.1. Materials

Two sentences'Could you pleasewrite the word speeh
down now" and "You will also hearthe soundphrasethis
time," werespokerwith aflat intonationcontourby a native
British EnglishspeakefCJD). The recordingsweremadein
a soundproof booth onto digital audiotapethen digitized
at 44.1kHz. It wasnecessaryo align the two targetwords
(‘speech’and ‘phrase’)within the carrier sentencesn order
for their onsetand offsetto coincideexactly. The durations
of the targetwords wereequalizedby addingand removing
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pitch periods. About 40ms of silence was addedto the
beginningof the sentence'could you..." to align the two

targetword onsetsacrosssentencesThetargetwords started
1.25 sfrom the onsetof the sentences.

The targetword in the attendedsentencewas always
coupledwith the othertargetword in the distractersentence.
Thereforeboth sentencesnd both target words were heard
on eachtrial.

Thetwo sentencewereresynthesize@n a monotoneby
applying a pitch synchronousoverlap algorithm (PSOLA)
(Moulines and Charpentier,1990) at Fo'sof 115, 122, 126,
130, 133, 137, and 146Hz. To ensurecorrect target word
alignmentsmalladjustmentsveremadeto the silent interval
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before targetword onset. This procedurecompensatedor
durationchangegroduceddy the PSOLAresynthes.

Since the spectrumof speechfalls off at approximately
6dB/octave, we pre-emphasisfiltered the sentencesat
+6dB/octavein order to boostthe high frequency region
thatprovidesthe main MVP cues.

For the low-passfiltered condition the sentencesver
low-passfiltered with a 5 kHz cut-off, using a FIR filter
(1001samples@ 44.1kHz),with a100Hz slope.

2.2. Procedure.

The 10 participantswere native British English speakers
betweenthe agesof 20 and 35. All had pure-tonethresholds

within the normalrangefor frequenciesdetween125 Hz and
8 kHz.

The participantswere testedindividually in a single-
skinned anechoicchamber (Fig.1) at B&W Loudspeakers,
Steyning,West Sussex. The listener'shead was restrained
throughouteach block of trials to allows us to directly
comparethe resultsof thesefree-field experimentsto later
onesusingvirtual sources.

The sentenceswere presentedover two loudspeakers
(Drive units: Vifa M610 MDO09-04) from an Apple
Macintosh7100usingan Audiomediall soundcardthroudh
anamplifier (AuraEvolutionVA 10011s),which maintained
an average sound level of 70dB (SPL) at the listening
position. The frequencyresponseof eachloudspeakemwas
flat within +3dB for the frequencyrange0.2 to 18kHz and
the loudspeakersvere matched to each other within +1dB
acrossthis frequencyrange. The MVP separationof the
loudspeakersiasachievedy meansof an adjustablestand.
TheMVP separationsvere:Fully apart (31°) an intermediate
position(19°) andtogethen(2.5°) (Fig.1).

The li stenerswere told that they would hear two
simultaneoussentencesand their taskwasto attendto the
"could you please..."sentenceand to indicate whether it
containedthe word “speech” or “phrase”. Responsesvere
recordedby pressingthe "s" or "p" keys on the keyboard.
Oneachtrial the listenersheard both targetwords and both
carriersentences.

The carrier sentencesnd targetwords differed in Fo by
0, 1, 2, or 4 semitones. The zero AFo condition paired
sentencewith anFo of 130Hz. The one semitoneAFo used
126 Hz with 133 Hz, two-semitonel22 Hz and 137 Hz and
four semitonel15Hzand 146 Hz.

Therelationbetweenthe Fo of the targetword and the Fo
of the carrier sentencevas either congruent(unswitched)or
incongruent(switched). For the ‘unswitched’ conditions,
the Fo of the targetword was the sameas the Fo of the
attendedcarrier sentencewith the sameMVP position. For
the ‘switched’conditions,the Fo of the target word wasthe
sameasthe Fo of the unattendedcarrier sentenceput the
targetword kept the sameMVP position as the attended
sentence.

Each sentencepairing was presenteds times giving a
total of 130 trials in eachblock. A block is defined as
having a specific MVP separation(2.5°, 19° or 31°) and
bandwidth(full vs. LP filtered). The presentatiororder of
the sentencairingswasrandomizedvithin eachblock, and
the presentatiororder of the blocks was counterbalanced.
Prior to the start of the experiment, listeners were
familiarized with the sentencethat wasto be attendedto
both in isolation and in the presenceof the distracter
sentence.

2.3. Results

2.3.1.  Full bandwidthconditions

The percentageof trials on which listenersreported the
targetword with the sameMVP location as the attended
carrier sentenceare shown in Fig 2. (The nominal zero
separationcorresponddo an actual separationof 2.5° so
this scoringmethodis still definedfor thoseconditions.)

At the widest separationlisteners performed the task
almost perfectly in the normal (unswitched) condition,
acrossall valuesof Fo difference,indicating that they can
useMVP locationto track the appropriatetargetword. They
show only a slight decreasen the switchedconditionwith
increasingdifferencein Fo, as continuity of Fo acts against
the MVP cue. The small size of this decreaseindicatesthe
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Figure 2 Percent target words from the same
location as the attendedsentenceas a function of
the Fo differencebetweenthe two sentencesand
their difference in elevation. In the switched
conditionsthe target word had the Fo appropriate
to the unattendedsentencebut still camefrom the
MVP positionof the attendedsentence.

relativestrengthof the 31° MVP cue. Becauseperformance
in the unswitchedcondition has asymptotedthe averageof
the unswitchedand switchedscoresactually decreasesvith
increasing~o difference.

At 19° MVP separationlistenersuseof the differencein
Fois more apparentWith no differencein Fo, they perform
marginally above chance on the basis of MVP location
alone. As the differencein Fo increasesperformancedn the
unswitched condition improves substantially while
performancein the switched condition correspondingly
decreasedyothchangedndicatethe extentthat listenersare
trackingthe targetword by Fo. Thereis no evidencethat the
average of the switched and the unswitched conditions
increaseswith increasing difference in Fo, and so no
evidencethatthe differencein Fois improving listeners'use
of MVP cues.

At the 2.5° separation listenersare (not surprisingy)
unableto track the targetword whenthereis no differencein
Fo. Increasingthe differencein Fo givesrise to the same
patternof changeasfoundwith 19° separation.

2.3.2. Low-pasdiltered (5 kHz)conditions
When the experimentalsoundswere low-pass filtered at
5 kHz,the resultsshownin Figure3 wereobtained.
Theoverallpatternof resultsis similar to the broadband
conditionin figure 2, but with performancen the 31° and
19° separation conditions reduced in the unswitched
conditionsindicating weaker MVP location cues, together
with a correspondinglygreaterrelative contributionin the
switched conditions from Fo continuity. As with the
unfiltered conditions,thereis no evidencethat the average
of the switchedand the unswitched conditions increases
with increasingdifferencein Fo.

2.4. Discussion

This experiment has demonstratedthree things. First,
listenersare able to attendto one of two sentencesmore
easily when the two sentencescome from different MVP
locationsthanwhenthey comefrom the samelocation. This
ability is degradedvhenthe sentencesave been low-pass
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Figure 3. AsFig 2 but for sentenceshat have been
low-pasdfiltered at 5 kHz

filtered at 5 kHz. Second Jistenerscan alsousea common
(monotonous)Fo to attendto one of two simultaneous
sentences. This result confirms those from similar
experimentsusing azimuthallocation rather than MVP [4].
Third, we have found no evidencethat listeners'ability to
useMVP is improvedby a differencein Fo betweenthe two
sentences.This lastresultis seenin the lack of changeof
the average of the switched and unswitched conditions
acrosdifferencesn Fo.

The poorer performancewith the low-pass filtering
probablyarisesbecausef the reducedcuesto MVP. Figure
4 showsdata from anotherexperimentin which 5 listeners
heard just the target sentencecoming from one of two
loudspeakerseparateddy 31° and had to indicate which
loudspeakerit came from.  With the full spectrum
performanceapproache®5% correct, but is substantially
poorerwith low-passfiltering at 5 kHz.
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Figure4 Percent correct identification of
which of two loudspeakerswith a MVP
separationof 31° a target sentencewas
playedfrom.

3. EXPERIMENT 2

This experimentis similar to the previous one, but uses
headphoneresentatiorafter convolution of the sentences
with individually-optimisedlibrary HRTFs. The aim of the
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experimentwasto find whether attentionto one of two
sentencesdiffering in virtual location was possibleusing
HRTFswhich werenot thoseof the listener.

3.1. Method

This experimentusedpublically-availableHRTFs(from the
AUDIS project CD) individually chosen for each of 3
listenersto give the best MVP localization. The same
sentencess usedin the first experimentwere convolved
with HRTFscorrespondingo MVP separationof 0°, 3°,

10°, 40°, and 80° played to listenersthrough a pair of
Etymotic (ER2A) tubephones. The paired sentenceswere
always playedon the sameFo (either 115 or 146Hz) using
either the full spectrumor low-pass filtered, as in the
previousexperiment.The sentencesvereplayedeither with

their full spectrumor low-passfiltered at5 kHz.
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Figure5. Percenttarget wordsfrom the same
location as the attended sentence as a
function of the difference in HRTF MVP
separatiorbetweerthe two sentences.

3.2. Results

Performancein the sentencetracking task with sentences
convolvedwith differentMVP HRTFsis shownin Fig. 5 for
the full spectrunand5-kHz low-passfiltered conditions.

For both filtering conditions, tracking ability is worse
for these3 listenersusing HRTFsthan it was for the 11
listenersn the free-field conditionsof experimentl. Even
with avirtual separatiorof 80° listenersn the full-spectrum
condition do not get more than 75% correct. Low-pass
filtering doesreducetheir performanceput only modestly.
Again, this differenceis substantiallytessthanwith the free-
field presentation.

3.3. Discussion

Listenersfind it considerablyharderto track one sentence
ratherthananotherthat differs in MVP HRTF thanwhen the
sentencearepresentedh the freefield. This conclusionis

true eventhoughtheHRTFshavebeenindividually selected
from a publically-availablelibrary. Moreover, low-pass

filtering the sentences does not dramatically lower
performance . Thereasorfor thesetwo effectsmay be that the
low-frequencypart of the spectrum[5] provides cues for
speechseparationthat are more robust acrossindividuals
eventhoughthey allow poorer MVP localization than the
higherfrequencycuesfor individualizedHRTFs.

The differencein tracking ability betweenfree-field and
virtual conditionsis not surprisingwhen consideringthe
reportsthat sourcessynthesizedwith non-individualised
HRTFs give poorer MVP location percept than sources
synthesizedvith individualisedHRTFs[6], a differencethat
is partly due to the differencein individual listeners'pinna
size[7].

The effectivenesof the library HRTFsin MVP location
wastesteddirectly on a group of 13 listenerswho had to
judge which of three virtual locations (0°, 40° or 80°) a
sentencdéiad comefrom. The sentencewas presenteckither
with full spectrunor low-pasdfiltered at 5 kHz. Theresults
areshownin Fig 6 and show that performances rather poor
(chance= 33%) for the full spectrumcondition but is not
mademuch poorerby low-pas filtering at5 kHz.

Theseresults supportthe idea that the low-frequency
region of HRTFsprovidessome MVP location information
which is weakemut lessidiosyncraticthan that provided by
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Figure6 Percentcorrectidentificationof whichof three
HRTF MVP separations (0°, 40° or 80°) a targel
sentenceavas playedfrom.

the high frequencyregion.
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