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1. INTRODUCTION

Information 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 extriusic' 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 carier [8, 9],

Here we use natural voices and attempl to change the identity of a2 male and a female speaker's vowels by
embedding them in each others seatences (cxperiment 1). Experiment 2 invesligates whether equalising the
long term average spectra of these carrier sentences eliminates perceptual changes 1o 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 sayiog various /pVi/ test words in the sentence frame "Please say

for me". The male imitated the female in speaking rate and stress pattern, 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 femate
speaker's carrier sentence, and by embedding female test 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 JAC 1201 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
VBEB), digitised with a 16 bit resolution at a sampling frequency of 20 kHz (Data Translation DT2823) and
stored with the ILS program RDA running on a Victor PC236 compuler. Digital waveforms of the carrier
sentences and tesl words were transferred to a Sun Sparcstation computer for processing. The vowels from
the test words were analyzed (o find the first and second formants. FFT's were made of hanning windowed
segments 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 female

Proc.l.O.A. Vol 16 Part 5 (1994} 407



Proceedings of the Institute of Acoustics

VOWEL IDENTIFICATION |

speaker it was obtained from a 4.5-ms frame - this 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 F2. These
values were used to plot the speakers' vowel spaces. The test words were created by adding a /p_t/ from
each speaker'’s /pIt/ (a test word not selected for the main experiments) to each of the chosen vowels from
that speaker. The test words created were: /pot/, /pat/, /p@Y/, /petf, /pat/, and /pat/ ("pot”, "putt”, "pat”,
"pet”, "part”, and "pert™). The sound pressure level was equated across the carriers and across the test
words.

Sounds were deljvered to subjects online under the control of the PC286 computer. Analog signals were
created from the digital waveforms with & 16-bit resolution at a conversion rate of 20 kHz (Data translation
DT2823) using the ILS program LDA. These signals were low-pass filiered at $ kHz with a 48-dB per
actave cut-off slope (Kemo VBFS) and prescnted monaurally Lo subjects with Sennheiser HD480
headphones in an IAC 1201 booth. After presenting 2 trial, the computer waited for the subject to press a
tesponse button before recording the response and presenting the next iral.  Visual prompts o 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. EXPERIMENT 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 in the female carrier sentence /pet/ will be perceived as fpat/, /pet/ will be perceived as fpat/,
and both /pat/ and /pat! will be perceived as /pot/. When the female speaker’s test word is embedded in
the male and male-imitate carrier sentences /pat/ will be perceived as fpet/, /pat/ will be perceived as
Jpt/, and /pot/ will be perceived as fpalf or /pat/. .

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 female carrier sentence. Each
of these carrier and test word combinations was presented 8 times giving & vowels x 8 repetitions 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 carriers 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) = 22.94, p<0.001], indicating that fewer errors were made when the test words were
presented within their original male carrier scntence. 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
corrier sentence and vowel [F(5, 55) = 3.48, p<0.01] indicates that the male’and female carriers gave
different palterns of error across the test words. Comparisons were carried out in arder to investigate the
nature of the interaction. Some of these were consistent with the predictions. Significantly more errors
were made in the identification of fpat/ [=3.62, p<0.005] when embedded in the female carrier sentence.
This is due to the increased perception of /patf as /pot/ as predicted. More errors were also found for the
identification of /pet/ [i= 282, p<0.01]. However, in contrast with the predicted perceptuzl movement
towards /pat/, the movement was mainly towards /p3t/. The difference between the camier sentences in
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errors made for /pat/ was also significant [t= 2.11, p<0.05], and this was reflected in an increased

confusion of /pat/ as being
/pot/ within the female

carrier sentence. No
significant difference was
found between the carriers for
/p&t/. For the test words
/pot/ and /p3t/ no perceptual
changes were expected, and
no significant differences
were found. There was a
relatively large confusion of
/p3t/ as being /pat/, however
this differed little between the
two conditions. The data
graphs here and elsewhere
show perceptual confusions
which occurred mote than ten
percent of the time within the
mixed speaker sentence in

Male test words

percent response

pet=pert

pert=putt

putt=pot

vowel confusions

Bfamale carrier
B male carier

part=pot

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

subjects.

b) Effects of the female, the male, and the male imitating female carriers on errors made in the
identification of the female test words.

When the male and female carrier were compared, no main effect of carrier sentence was found [F(1,11)=

2.05, p>0.05], but there was a main effect of vowel [F(5,55)= 6.56, p<0.0001] indicating that performance
varied across the different test words. There was also an interaction belween carrier sentence and vowel
[F(5,55)= 3.89, p<0.005]. A comparison between the female and male imitating female carrier sentences

found a main
effect of carrier

sentence [F(1,11)=
7.71, p<0.05),
performance being
better within the
original carrier
sentence. There
was also a main
effect of vowel
[F(5,55)= 7.28,
p<0.0001], and an
interaction
[F(5,55)= 6.56,
p<0.005], showing
that the pattem of
errors across the
test words for the

perceni response

Female test words.

pert=putt

putt=pert

putt=pet pot=putt

vowal confusion

B male-imitating female carmier
B mate carrier

DOiemale carrier

male carriers was

Proc.l.O.A. Vol 16 Part 5 (1594)




Proceedings of the Institute of Acoustics

VOWEL NORMALISATION

different from the pattemn for the original female carrier. Errors in the identification of /pot/, /pat/ and /pat/
were compared between the female and the two other carrier sentences. The comparisons showed that more
errors were made in the identification of /pot/ when it was embedded in the male carrier [1= 2.54, p<0.05]
as well as when it was embedded in the male imitating female carrier [t= 3.56, p<0.005]. This is due to
fpot/ 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 fpat/and /pat/. However when the female and male imitating female carriers were compared the
difference for /pat/ was significant [r= 1.90, p<0.05]. This reflects the apparent perceptual movement of
/pat/ towards /fpet/ in the male-imitating condition. For /pet/, /pet/, and /pat/ 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 /pat/and /pat/ 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 for the second speakers vowel space. This is
consistent with an 'extrinsic' speaker normalisation.

4, EXPERIMENT 2.

Putative ‘extrinsic’ 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 spectra
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 should therefore eliminate
these perceptual movements.

The long tenm average spectra of the male, the male Imitating female, and the female carrier sentences, as
well as the difference between the female and male cariers.

Averoge spectra
“please soy" _ “for me”
Differsnce
2 femole carrler ' soy’  forme’
[+]
20 g female/male
o WAANA M
20
Yo w\ﬂ L"‘\\A\ O 3
20 fernale /male
s ; 0 N\W-M AApsN 1 imitating femole
20 male imitating
0 female corrier e 7 Pl - <l - - e ST
frequency, kHz

J S & BL U8
frequency, kHz
The female and male carriers were filtered by a '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 carrier (the male carrier sentence with the long term average spectrum
of the female carrier), and an 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 male imitating female carrier sentences, while the male test words were presented within the male
and the equalised female carrier sentence. Again each combination was presented 8 times giving 6 vowels x
8 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 identification of the male test
words.

There was a significant main effect of carrier sentence [F(1, 11)= 8.88, p<0.01] and vowel [F(5, 55)= 3.27,
p<0.01], 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
were not influencing
the vowel's perceptual
qualities in different
ways. Despite the lack
of an interaction, vowel
confusions that
appeared to increase
within the equalised patepul pentaput putt=pot part=pot
female carrier were vowel confusions

/pat/ being perceived
as /pat/, [pet/ being
perceived as /pat/, and /pat/ being perceived as /pot/.

Male test words

Bequalised female
carriar

percent response
cudn8BB8HES

Bmale carrier

b) Effects of the female, the equalised male and the equalised male imitating female 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 [F(1,11)= 13.18, p<0.005] and
vowel [F(5,55)= 3.86, p<0.005]. There was also a significant interaction between carrier and vowel
[F(5,55)= 16.73, p<0.0001]. A comparison between the female and equalised male imitating female carrier
also found a main effect of carrier sentence [F(1,11)= 16.54, p<0.005], of vowel [F(5,55)= 4.84, p<0.001],
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 also indicates that errors varied amongst the different test words. More importantly, the
highly significant 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 Female test words

imitating carrier

sionce (o pert=putt  pultspert  putt=pet  pol=pull  pot=parl
6.61, vowel confusion

p<0.00005].
These results
are reflected in
a perceptual movement towards /pat/, 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
/pAt/ [1=3.22 and 3.25 respectively, p<0.005]. This appears to be due to a perceptual movement towards
Ipet/. For the vowels /pet/, /pet/, [pat/, and /pat/ no significant differences were found. Again there
was always a large confusion between /pat/ and /pat/ .

/pot/ when
embedded in
the equalised
male carrier
sentence [i=
5.52, p<0.0001]
as well as in 10
the male-

B equalsed male imilating female
carrier

B oquakised male carrer

percent response
8 8 &5 8 8

Ofemale camier

Identification errors in mixed speaker sentences were reduced when the long term spectrum of the female
carrier was equated to that of the male carrier. 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 asks whether
reversing the carrier sentences influences the perceptual movements observed in the first two experiments.
The segments 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 test words were presented within the
female, the reversed male, and the reversed male imitating female carrier sentence, while the male test words
were presented within the male and the reversed female carrier sentence. Again each combination was
presented 8 times giving 6 vowels x 8 repetitions x 5 carrier with test word combinations = 240 trials.

Results:

a) 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 [F(1,11)= 6.40, p<0.05] and of vowel [F(5,55)= 7.04,
p<0.0001): performance is worse in the reversed condition, and varies across the test words. An interaction
[F(5.55)= 7.52, p<0.0001] between carrier and vowel indicates that performance differed across the test
words in different ways for the different carriers. Assessment of the interaction revealed that the pattern of
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vowel ennfusions with
these reversed carriers
differed from that found
with forward carriers in Male test words
experiment 1.

Significantly fewer errors
were made in the
identification of /pat/ [t=
3.65, p<0.005] when
embedded in the reversed
female carrier sentence due

Breversed female

percent response

to a reduction in its ol
confusion with /pot/. M male carrier
More errors were made pet=pert  pert=puft  pol=putt  part=pot

for /pot/ [1=2.46, p<0.05], vowel confusions

lpxt/ [t=2.55, p<0.05],
and /pat/ [r=3.11,
p<0.005], and no significant difference was found for /pat/. The only finding similar to effects with
forward carriers was that more errors were found for the identification of /pet/ [p<0.05], the movement
being mainly towards /p3t/.

b) 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
main effect
of carrier
sentence
[F(1,11)=4.34
,p>0.05]. A peri=pult  putt=pot pot=putt  pari=pot
main effect St Gonfmton

of vowel
[F(5,55)=11.3
6, p<0.0001]
indicated that
performance varied across the test words. There was also an interaction between carrier sentence and vowel
[F(5,55)=6.11, p<0.0001]. The reversed male carrier was influencing errors made in the test words in a
different way to the female carrier. Significant differences were found for /pat/ [1= 2.03, p<0.05] and /pat/
[t= 3.71, p<0.005]. Also it was found that significantly fewer errors were being made in the identification
of /pot/ when embedded in the reversed male carrier sentence [r= 2.35, p<0.05], due to a reduction in
/pot/s confusion with /pat/. No significant differences were found for the vowels /p@t/, /pet/, and /pat/.
There was again a relatively large confusion between /pat/ and /p3t/ in all the conditions. Noue of the
vowel movements predicted by speaker normalisation occurred in this reversed carrier experiment. A
comparison between the female and reversed male imitating female carrier sentences found a main effect of

Female test words

B reversed mala imitating female
carner
B reversed male carrier

Ctemaic carier

percent response
c3B83888838
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carrier sentence [F(1,11)= 8.30, p<0.05], with more errors being made in the reversed condition. There was
also a main effect of vowel [F(5,55)=12.78, p<0.0001], however no significant interaction was found
between carrier sentence and vowel [F(5,55)= 0.48, p>0.05]. Although performance differed among the test
words, 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 2
male imitating a female's pitch. However, reversing the carrier had no effect on these errors for the normal
male carrier and for the female carrier.

6. DISCUSSION.

Not all the vowel movements predicted from overlaps on the vowel space occurred 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 normalisation operating to some extent.

If this speaker normalisation is actually caused by a compensation for spectral envelope distortion, then
equalising the long term averaged spectra of the carrier sentences should reduce the confusion. This did
occur in experiment 2 when the female carrier was equalised to the male carrier and presented with the
male speaker's test words. 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 might be necessary to engage a phonetic
mechanism of speaker normalisation.
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