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1. INTRODUCTION

lnfonnation beyond the syllable appears not to be essential for vowel identification as listeners are good at
identifying isolated vowels [1]. However other experiments suggest that this 'syllable extrinsic' [2]
information does make some contribution. The influence of a carrier phrase on a test sound has been widely
investigated. The idea is that with different talkers different reference frames are utilised in vowel
identification [3]. When shifts in the first formant of a carrier phrase signal a different speaker, the
perceptual identity of a subsequent vowel is changed [4, 5]. However, equating the long term average
spectra of formant-shifted carriers eliminates these perceptual effects, thus a compensation for averaged
spectral characteristics is sufficient to account for these types of 'speaker normalisation' result [5]» Long term
spectrum compensation is normally associated with adjustments for the spectral envelope distortion when a
sound is transmitted from a source to a listener [6, 7].

Effects of 'syllable extrinsic' information on vowel quality. have been attributed to the use of synthetic
speech. However, some experiments have used natural voices, finding that the identity of a male speaker‘s
vowel can be changed by embedding it in a child‘s carrier [8, 9].

Here we use natural voices and attempt to change the identity of a male and a female speaker's vowels by
embedding them in each others sentences (experiment 1). Experiment 2investigates whether equalising the
long term average spectra of these carrier sentences eliminates perceptual changes to the vowels. this is an
attempt to replicate the synthetic speech finding with natural speech. The third experiment uses reversed
carriers to ask whether phonetic or auditory mechanisms are at work: a reversed speech carrier does not
conform to the constraints of natural utterances and might reduce any effects of a phonetic mechanism.

2. GENERAL METHOD

A male and female were recorded rapidly saying various lth/ test words in the sentence frame "Please say
for me“. The male imitated the female in speaking rate and stress pattent. Two types of recordings

were made {or the male's carrier sentence. one spoken in his normal pitch and one in which he mimicked
the female's pitch. Mixed speaker sentences were created by embedding the male test words in the female
speaker's carrier sentence, and by embedding female tcst words in both the original male and the male
imitating female carrier sentences. In informal listening only mixed speaker sentences where the carrier
was the male imitating the female were heard as wholly originating from a single speaker.

Recordings were made in an lAC 120] booth using an Sennheiser MKH 40 microphone. These sounds
were amplified (Revox A77), low passed filtered at 9 kHz with a 48-dB per octave cutoff slope (Kemo
VBFS). digitised with a 16 bit resolution at a sampling frequency of 20 kHz (Data Translation DTZSZ3) and
stored with the ".5 program RDA running on n Victor PC186 computer. Digital wavefomts of the carrier
sentences and test words were transferred to a Sun Sparcstation computer for processing. The vowels from
the test words were analyzed to find the first and second formants. Fm were made of harming windowed
seynents of each vowel, and a lattice linear prediction (LP) analysis was used to approximate the vocal
tract response. For the male speaker the LP analysis was obtained from a 15-ms frame and for the femalc
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speaker it was obtained from a 45-ms frame - lhis kept 1-2 pitch pulses within each speaker‘s frame. A LP

analysis was run every 5-ms throughout the vowels to obtain time averaged values of F1 and in. These

values were used to plot the speakers' vowel spaces. The test words were created by adding a /p_t/ from

each speaker's lptt/ (a test word not selected for the main experiments) to each of the chosen vowels from

that speaker. The test words created were: lpntl, IpAtl. [pat]. [pct], lpotl. and Ipst/ ('pot“. 'put '. 'pat'.

'pet', 'part', and 'pcrt'). The sound pressure level was equated across the carriers and across the test

words.

Sounds were delivered to subjects online under the control of the FC286 computer. Analog siytals were

created from the digital waveforms with a 16—bit resolution at a conversion rate of 20 kHz (Data translation

072323) using the [LS program LDA. These signals were low-pass filtered at 9 kHz with a 48-dB per

octave cuboff slope (Kerao VBHZ) and presented rnonaurally to subjects with Sennheiser HD480

headphones in an IAC 1201 booth. After presenting a trial. the computer waited for the subject to press a

response button before recording the response and presenting the next trial. Visual prompts to listen or

respond were conveyed on the computer‘s screen. A minimum inter-trial interval of 4 seconds was enforced.

The duration of each experiment was around 45 minutes. Each subject was given a different random trial

order and a different group of 12 subjects were used in each experiment.

3. $031le 1

This experiment asks whether vowels from one speaker. which overlap with different vowels in the other

speaker's vowel space, are correspondingly misinterpreted when in a mixed speaker sentence, From the

overlaps in the vowel spaces, the predictions are as follows. When the male speaker's test word is

embedded itt the female carrier sentence lpct/ will be perceived as Ipntl, lpEl/ will be perceived as [put].

and both lplttl and Ipatl will be perceived as Ipotl. When the female speaker's test word is embedded in

the male and male-imitate carrier sentences lpltt/ will be perceived as lpctl. lpot/ will be perceived as

lpztl. and [pot] will be perceived as /pat/ or lpatl. .

The female test words were presented within the female, the male and the male imitating female carrier

sentence, while the male test words were presented within the male and the femle carrier sentence. Each

of these carrier and test word combinations was presented 8 times giving 6 vowels x 8repetitions x 5

combinations = 240 trials for each subject. Each subject identified the test word by pressing one of 6

labelled buttons.

Results:

a) Effects of the male and female nrriers on errors in the identification of the male test words.

An analysis of variance was carried out on errors made in identification. A main effect of carrier sentence

was found [F(1, 11) e 22.94, p<0.001], indicating that fewer errors were made when the test words were

presented within their original male carrier sentence. There was also a main effect of vowel [F(5, 55) =

7.01. p<0.0001], indicating that the degree of error varied among the test words. An interaction between

carrier sentence and vowel [F(5, 55) a 3.48. p<0.01] indicates that the male'and female carriers gave

different patterns of error across the test words. Comparisons were carried out in order to investigate the

nature of the interaction. Some of these were consistent with the predictions. Significantly more errors

were made in the identification of [pot] [t=3.62, p<0.005] when embedded in the female carrier sentence.

This is due to the increased perception of [put] as IthI as predicted. More errors were also found for the

identification of [pet] [I= 232, p<0t01]. However. in contrast with the predicted perceptual movement

towards /p/ttl. the movement was mainly towards lpat/. The difference between the carrier sentences in
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errors made for prf was also significant [r= 2.11, owns]. and this was reflected in an increased

confusion of lpAl/ as being

prI/ within the female

carrier sentence. No M312 {an words

significant difference was

found between the carriers for

ipaeu. For the last words

lpoti‘ and lpzrt.‘ no perceptual

changes were expected, and
no significant differences

were found. "there was a

relatively large confusion of
lpatf as being lpntf, however

this differed little between the

two conditions. The data
graphs here and elsewhere

show perceptual confusions Wleunlulbns

which occurred more than ten

percent of the time within the

mixed speaker sentence in

comparison to within the control, and bars are one standard error on each side of the mean across the 12

subjects.

 

pe
rc

en
t
re

sp
on

s-

    

perxpart pen:purt pun:pur part=por

 

b) Effects of the female, the male, and the male imitating female carriers on ermrs made in the

rdennfication of the female test words.

When the male and female carrier were compared. no main effect of carrier sentence was found [F{I.Il)=

2.05, p>0.05], but there was a main effect of vowel [F{5,55)= 6.56, p<000011 indicating that performance

varied across the different test words. There was also an interaction between carrier sentence and vowel

[F{5,55)= 3‘89, {KUDOS}. A comparison between the female and male imitating female carrier sentences

found a main

effect of carrier

sentence [F(t,11)=

7.71. pcD-US].
performance being

better within thr:

original carrier

sentence There

was also a main
effect of vowel

[Ft-5.55): 7.2s_
p<010001L and an
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different from the pattern (or the original female carrier. Errors in the identification of prt/. IPA” and [Pail

were compared between the iemeie and the two other carrier sentences. The comparisons showed that more

errors were trtnde in the identification of prU when it was embedded in the male carrier [r= 2.54, pclms]

as well as when it was embedded in the mic imitating female carrier [1: 356, p<0.005]. This is due to

[put] moving perceptually to {pat} in these conditions, an effect which appears to be slightly larger in the

male imitating female condition. No significant difference was found between the female and male carrier

for 1‘an and [path However when the female and male imitating female carriers were compared the

difference [or lpntl was significant [t= 1.90, 1141.05]. This reflects the apparent. perceptual movement of

harm towards [pet/ in the male-imitating condition. For fpatl. rpctl. and lpat/ no perceptual movement

was predicted, and comparisons between the female carrier and both the male carriers showed no significant

differences in errors for these test words. There was a large confusion between (pet! and flpntl in all the

conditions.

There is some evidence here to suggest that embedding one speaker's vowel within a second speaker's

carrier sentence changes its identity to one appropriate [or the second speakers vowel space. 11tis is

consistent with an 'extrinsic’ speaker normalisation.

4. EXPERiMENT 2.

Putan've 'etttn'nsic' normalisation effects might. in fact. be due to compensation for the carriers' long term

spectrum. A central auditory mechanism is supposed to compensate for a sounds' long term spectral

characteristics by applying the inverse of the long term average spectrum to subsequent sounds [5, 6. 7].

The carriers used in the first experiment had different long term spectra, thus long term spectre

compensation mechanisms may have caused the perceptual vowel movements. Equalising the long term

spectrum of the second speaker's carrier sentence with that of the first speaker shouid therefore eliminate

these perceptual movements.

The lung term average rpectnt or the male. the male lntltatlng female. and the female Earrifll‘sanlnnces‘ as

well asthe dlttetence between the female and mute currtcrs.

rage win:

DllferlnCI

imitating tann-

The female and male caniers were filtered by I 'reshaping filter’ to give them each others long term spectra
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This gave an equalised female carrier (the female carrier sentence with the long term average spectrum of

the male carrier), an equalised male atrier (the male carrier sentence with the long term average spectrum

of the female carrier), and In equalised male imitating female carrier (the male imitating female carrier With

the long term average spectrum of the female carrier) Other aspects of these reshaping filters are as

described in [9]. The female test words were presented within the female, the equalised male and the

equalised rnale imitating female carrier sentences, while the male inst words were presented within the male

and the equalised female carrier sentence. Again each combination was presented 3 times giving 6 vowels x

5 repetitions x 5 carrier with test word combinations = 240 trials for each subject.

Results:

a) Effects of the male and the equalised female carriers on errors made in the id:
words.

 

cation of lJte male test

There was a significant main effect of carrier sentence [F(1, 11): 8£S,p<fl.[l]] and vowel [F(5, 55): 3.27.

p<fl.01], however there was no interaction between carrier sentence and vowel [F(5.55)= 2.05.p>0.05}. it
appears then that
although performance

within the male carrier

was better, and

performance varied

across the different
vowels, the two carriers

ware not influencing
the vowel's perceptual

qualities in different

Male test words

ways. Despite the lack ' leqtelem male

of an interaction. vowel ' cm"

confusions um . ‘ . .mate calmer
appeared to increase

within the equalised 9‘14"" Part-pd! tun-put pansz

female Cartier were vumt animation].

ipati being perceived

as font]. [p811 being

perceived as lip/til. and lputl being perceived as fpotf.

 

b) Effects of the female. the equalised male and the equalised male imitating femle carriers on errors

made in the perception of the female test words.

With the male and female carrier there was a main effect of carrier sentence {1"(l,11)= 13‘18, p<0.0l]5] and

vowel [F‘(5,55)= 3.86, 1:43.005]. There was also a significant interaction between carrier and vowel

{HESS}: 16.73, p<0i0001], A comparison between the femaie and equalised male imitating I’emale carrier

also found a main effect of carrier sentence [F(t,ll)= 16.54,p<0.0051, of vowel ([15,55]: 4,34, p<U.001],

and an interaction [F{5.55)= 19.11,p=0.0001]. This pattern of results indicates that more errors occurred

within the equalised male and the equalised male imitating female carrier than occurred in the original

female carrier. it aiso indicates that errors varied amongst the different test words. More importantly, the

highly significanl interactions show that both of the equalised carriers influenced performance across the

test words in a different manner to the female carrier. Therefore, equating the long term spectra of the

male carriers to that of the female carrier does not eliminate the effects of the carriers on the test words.
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More errors

were found in
the

identification of

lpntl when

embedded in

the equalised
male clrrier lfign nat- mum Iernah

sentence [l= l Mm
5.52. p<u.oaot] _ °"“ “"‘"

as well as in = . nimbearr'lr

the mate- I
imitating carrier w m Pm 9.1 wt
sentence [1: m, I” N NW
5'51. mmnon

“0.000051.
These results
are reflected in
a perceptual movement towards fprtll. which is increased rather than eliminated in this experiment. The

effects of both male carriers were significantly different from the female carrier on the identification of

tprttr‘ 9:312 and 3.25 respectively, p<0.005]. This appears to be due to a perceptual movement towards

{putt For the vowels IpseU. lpetr‘, Iptltt. and [put] no significant differences were found. Again there

was always a large confusion between flpatl and flpntr‘ .

Female tut word-

Identification errors in mixed speaker sentences were reduced when the long term spectrum of the female

carrier was equated to that of the male canier. However, these errors were not reduced by equating the long

term spectra of the male carriers with that of the female carrier.

5. EXPERIMENT 3.

If 'extrinsic’ compensation for talker differences is due to a mechanism that uses the constraints of speech,

then it is likely to be reduced when the speech signal is reversed. On the other hand, if it is due to spectral

envelope compensation, carrier reversal should not reduce compensation. This experiment ash whether

reversing the wrrier sentences influences the perceptual movements observed in the first two experiments.

The aegmenu of the carriers both prior to and following the test words were reversed for the female carrier.

the male carrier, and the male imitating female carrier. The female lest words were presented within the

female, the reversed male. and the reversed mate imitating female carrier sentence. while the male test words

were presented wi ‘ the male and the reversed female carrier sentence. Again each combination was

presented 8 times giving 6 vowels x8 repetitions x 5 carrier with test word combinations = 240 trials.

Results:

8) Effects of the male and the reversed female carriers on errors made in the identification of the male test

words.

There was a main effect of carrier sentence [K1,] 1)! 6.40. p<0.05] and of vowel [F(5,55)= 7.04.

p<0.00t)1]: performance is worse in the reversed oondition, and varies across the test words. An interction

[F{5.55)- 7.52, peonmt] between carrier and vowel indicates that performance differed across the test

words in different ways for the different carriers Asessment of the interaction revealed that the pattern of
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vowel cnnfusions with

these reversed carriers
differed from “mt found

with forward carriers in ""9 ‘9" "9"“
experiment 1.

Significantly fewer errors

Were made in the

identification of [par] [l=

3.65, p<0.06§] when

embedded in the reversed

i

 

female carrier sentence due fl-wenan hmaie

to a reduction in its ‘ “mm

wnfusion with lptflll. lmalaearr'er

More errors were made 99H?“ Pall-PU“ Wm partxnot

for fpnt/ [l=2.46. p<D.DS], vowel enumean

rpm; (1:255, p<D.D§].
and [pat] [133.11.

p<UiUEISL and no significant difference was found for Ipnlr‘. The only finding, similar to effects with

forward carriers was that more errors were found for the identification of rpet/ Ln<0.05], the movement

being mainly towards rpm.

 

h) Effects of the female. the reversed male. and the reversed male imitating female carriers, on errors made

in the perception of the female test words.

When the

reversed male

and the
female carrier
were
compared
there was no Irevereedmal imfllltalemah

turner

Female tall words

main effect

of carrier

se utence Dr-maw cam-r

[F(1.1i)=4.34
,p>fl.[)5]. A mm" were,“ pnlxpull peneptx

main effect vowel cairn-ion
of vowel
[F(5,55)=1 1.3
6, p<D.DDOl]
indicated that
performance varied across the test words. There was also an interaction between carrier sentence and vewcl

[F(5.55)=6.11, p<0t0001]. The reversed male cflrrier was influencing ermrs made in the test words in a

different way to the female carrier. Sigril’icant differences were found for rpntl [1: 2.03, (14105] and 1pm!

[4: 3,71. p<0.005]. Also it was found that significantly fewer errors were being made in the identification

of lpnl/ when embedded in the reversed male carrier sentence [1: 2.35, p<0.05], due to a reduction in

fpot/‘s oonfusian with Ip/ttl. No significant differences were found for lhe Vowels fpSU, [pit], and flpaif.

There was again a relatively large confusiun between Ip/ilf and ipal/ in all the conditions. None of the

vowel movements predicted by speaker normalisatinn occurred in this reversed carrier experimenti A

comps risen between the female and reversed male imitating female carrier sentences found a main effect nt'
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carrier sentence [F(!,tl)= 8.30 “0.051, with more errors being made in the reversed condition. There was
also a main effect of vowel [F(5,55)=t2.78 , p<0.0001], however no siyril'icrnt interaction was found
between carrier sentence and vowel [H5,55)- 0.48, [3:13.05]. Although performance differed among the test
wards, the reversed male imitating female carrier was effecting errors in a similar way to the female carrier.

identification errors in mixed speaker sentences are reduced by reversing the carrier when the carrier is a
male imitating a female's pitch. However, reversing the carrier had no effect on these errors for the nonnai
mate ran-i" and for the female carrier.

6. DISCUSSION.

Not all the vowel movements predicted from overlaps on the vowel space oecuned when the male and

female speaker's vowels were embedded in each others sentences. This indicates that factors other than
speaker normalisation could have been generating the errors. Nevertheless. most of the confusions observed
are consistent with speaker nomraiisslion operating to some extent.

If this speaker normalisation is actually errand by a compensation for spectral envelope distortion, then

equalising the long term avenged spectra of the carrier sentences should reduce the confusion. This did

occur in experiment 2 when the female canier was equalised to the male carrier and presented with the

male speaker's test wards. However, when the male and the male imitating female carriers were equalised to
the female carrier, perceptual confusions remained. Therefore, some other form of speaker normalisation

could have been operating in these conditions.

If this speaker normalisation is brought about by a phonetic mechanism, then the confusions that it causes

should be reduced when the carriers are reversed. This did reduce confusions in experiment 3. but only for

the carrier where the male imitated the females voice-pitch. Interestingly, this is the only carrier that

produced mixed speaker sentences that were heard as wholly originating from the same speaker, so some

form of perceptual grouping of the carrier and test words mightbe necessary to engage a phonetic
mechanism of speaker nonnatisalion.
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