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David J.M. Weenink

INTRODUCTION

In this paper we give some preliminary results of a series of listening exper-
iments which have been conducted as part of a larger study on speaker
normalization. Of all possible aspects of normalization we want to consider
especially the perceptual aspects which concern speaker variation. In a
series of eight listening experiments we have investigated how well listeners
can recognize vowels from different speakers when these vowels were pre-
sented in a mixed and in a biocked condition. In the mixed condition the
listeners, on each vowel, encounter a voice that is unfamiliar and unpredict-
able, while in the blocked condition the listener hears a series of vowels
produced by the same speaker. In this latter condition there is ample op-
portunity to become familiar with the voice and the speaker is fully predict-
able from one vowel to the next. In order to gain better insight in this
speaker variation, the vowel stimuli we used were manipulated in terms of
duration, consonantal context, and fundamental frequency. Several authors
have dirccted their attention to the speaker's context effect in the recog-
nition of vowels, a.o. Strange et al. (1976), Verbrugge et al. (1976), Macchi
(1980) and Assmann et al. {1982). The experimental scheme generally is
such that vowel stimuli are presznted .in two conditions, mixed and blocked,
to subjects who are asked te idzntify the vowel. Although there are great
differences in the absolute error rates in these experiments, they all reach
the same conclusion: uncertainty about a speaker as is the case in the mixed
condition, leads to more confusion errors than when the speaker is 'known'
as in the blocked condition. This effect is persistent even if the vowels

are gated to a duration of 100 ms. The influvence of consonantal context

on the perception of vowels is still under debate. Some experimenters
(Strange et al., 1976; Verbrugge et al., 1976; Rakerd et al., 1984) report
significantly less identification eirors macde by listeners for vowels presented
in CVC's than for vowels in isolation. According to them the consonantal
context aids vowel identification. Other investigators like Macchi (1980)
and Assmann et al, (1982) do not support this hypothesis. On the contrary,
they do state that consonant coarticulation is not a necessary condition

for accurate identification of naturally produced vowels. The consonantal
advantage found by the former groups is not a genuine perceptual effect

but a mere methodological artifact. Diehl et al. (1981), using speech synthe-
sis, did not find superior performance of listeners on CVC stimuli either.

At first sight one could think that because the formant trajectories of
consonant- bounded vowels often fail to reach the frequencies characteristic
of vowels produced in isolation (Lindblom, 1963; Stevens and House, 1963;
Koopmans-van Beinum, 1980), consonant-bounded vowels would appear to be
acoustically less distinctive than isolated vowels. The experiments of a.o.
Macchi (1980) show that vowels in CVC's are recognized just as well as
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vowels in isolation which means that dynamic spectral features must comper -
sate for loss in static distinction. There is additional evidence that the
human auditory system can predict spectral targets based on the transitional
information (Furui, 1986). This means, however, that, when we gate short
segments out of the cental parts of vowels produced in isolation and in

/p-t/ context, there will be a difference in listeners' performance because
the CVC segments taken from the CVC's are acoustically less distinctive:
they lack the transitional information. As for our final point, the influence
of fundamental frequency and timbre on the quality of vowels, we can say
that vowel quality is largely independent of fundamental frequency because
the spectral envelope is determined by the shape and length of the vocal
tract rather than by the vocal cords. This envelope does not shift when a
vowel is produced at a different fundamental frequency. Slawson (1968)
studied what effect changing the fundamental frequency and/or the formants
has upon vowel quality. He showed that the perceptual distance between
two vowels, whose fundamental frequencies differed by an octave, could be
minimized by raising the formants of the vowel with the highest pitch by
approximately 10 %. Because of the fact that higher formants as compared
to lower ones show smaller variations from vowel to vowel (e.g. Weenink,
1985, table I), Fujisaki and Kawashima {1968) tested whether a normalization
process could be based on higher formant frequencies. They showed that
neither fundamental frequency nor higher formants by themselves are suffi-
cient for perceptual normalization but that both are necessary in any suc-
cesful normalization theory. Van Bergem (1986), in his study on vowels in
/p-t/ context, reports that it is the combined effect of (acoustical context,)
pitch and timbre that is important in the normalization process, in such a

- way that pitch and timbre determine speaker category (men, women and
children); after this precategorization the reference set of each category
can be used for further classification. The global design for all 8 experi-
ments we will describe was the same: the recordings of the speech material
and its further processing were done once and served as a basis for all
experiments. The preparation procedure of the stimulus tapes, the listening
conditions and the subjects were the same; only the stimuli differed for
each experiment. In the following paragraphs we will give a description of
these parts.

SPEECH MATERIAL

Recordings were made from 10 male, 10 female and 10 children's voices.
All were native speakers of Dutch and they were carefully selected on
their ability to speak the standard Dutch language without dialect influences.
The recordings were made in an anechoic room with a Sennheiser MD421N
microphone and a Revox A77 taperecorder. The recordings consisted of
series of sentences "V van pVt" (V from pVt), where V is one of the twelve
Dutch vowels /u,y,ax,é,» e,i,l,0,3,#/. These sentences were read from paper
with normal intonation, each sentence was repeated at least twice. During
the recordings of the children's voices there was always a person familiar
to the child present in the anechoic room for reassurence. Sentences were
repeated until they were correctly spoken but in general the children made
few mistakes and hardly any repetitions were necessary.
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FURTHER PROCESSING OF THE SPEECH MATERIAL

The sentences on tape were digitized with a sample frequency of 10 kHz
and 12 bits/sample. For each of the twelve vowels the best recording of
~each sentence from every speaker was stored on disk and was used for
further processing. After selecfion and digitizationm our speech data base
consisted of 360 sentences of the type "V van pVt" (30 speakers x 12 vow-
els) on disk. With the help of a speech editing program (Buiting, 1981),
sentences were matrked as the following figure shows.

123 4
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Fig.l. Position of marks in sentences 'V van pVt'.

Marks 1 and 4 bound the vowel produced in isoldétion, while marks 5 and 7
do so for the vowel produced in /p~t/ context. Mark 2, which is always at

a stable part within the first 100 ms of the vowel, functions as a starting
point.for subsequent physical analysis, resynthesis and selection. Mark 6
has this function for the vowel in /p-t/ context and is placed approximately
in the middle of this vowel, where the amplitude is most stable. The position
of mark 3 is not of importance in this article. We can see from table I,
where the mean lengths of intermark durations in ms are given, that the
duration of the vowel in /p-t/ context is always smaller than the duration

of the vowel produced in isolation. We performed a twelfth order linear
prediction analysis and a software bandfilter analysis {(Sekey and Hanson,
1984) on a 25.6 ms segment around mark 2 of all the vowels from our 30
speakers by means of a special computer program (Weenink, 1986). The
results of this analysis were stored on disk to be used in subsequent listen-
ing experiments and further analyses. In these experiments we wanted to
use all the vowels of a speaker twice in two listening conditions, mixed

and blocked. Using all the speakers of our data base, the total amount of
stimuli would have been 1440 (30 speakers x 12 vowels x 2 conditions x 2
repetitions), far too many for any practical listening experiment. We decided
to select 5 male, 5 female and 5 children speakers out of the 30 speakers

we had. This selection was made on the basis of the bandfilter analysis

and the results of a pilot listening experiment with resynthesized vowels
from the 30 speakers. From the categories man, woman and child we selected
some 'extreme' and some 'mean’' speakers and these 15 selected speakers
were used in all the experiments we decribe in this article.

PREPARATION OF STIMULUS TAPES

For each of the eight experiments 5 audiotapes were prepared, each tape
with a different random order of the stimuli. Each tape consisted of two
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parts: the first part with the stimuli recorded in the mixed condition and
the second part with the stimuli recorded in the blocked condition. The
randomization procedure we used was as follows: in the mixed condition
360 stimuli (15 speakers x 12 vowels x 2 repetitions) were completely ran-
domized under the constraint that maximally two adjacent stimuli came
from the same speaker. The last 20 stimuli of this series of 360 were also
put at the beginning of the tape and served as dummies to let the subjects
get accustomed to this kind of stimuli. In the mixed condition we thus get

" -a total of 380 stimuli. In the blocked condition the 15 speakers were ran-

domized first, then for each speaker 24 stimuli {12 vowels x 2 repetitions)
were randomized under the constraint that no two adjacent vowels were

the same and the last six stimuli of this series were repeated at the begin-
ning, summing to 30 stimuli for each speaker and 450 in this condition (15
speakers x 30 stimuli). Both in the mixed as well as in the blocked condition
we used a 2.5 s inter stimulus interval. Between every 10 stimuli there was
a double beep recorded as a separation marker with the same 2.5 s time
interval. Besides this, in the blocked condition after every 30 stimuli a
triple beep tone was recorded to separate different speakers.

LISTENING CONDITIONS

The identification tests were performed in a special acoustically isolated
studio room at the Language Department (ITT) of the Faculty of Arts of
the University of Amsterdam. In each session four subjects at a time could
be handled, there were 5 sessions in every experiment. Test tapes were
presented via a Revox A77 tape recorder, Sansui AU-22 amplifier, and a
set of Sennheiser HD22 headphones at a comfortable listening level. Subjects
were seated in front of a specially developed response unit which consisted
of a monitor and a keyboard, and they responded by pushing a key on the
keyboard {see fig. 2}.
Twelve keys on the keyboard were marked with stickers, showing the ortho-
graphic symbols 'pVt', a thirteenth was labeled 'fout' (error). The remaining
keys of the keyboard were covered with a special protection plate. The
layout is shown in fig. 3.
Although we did not expect as much orthographic interference as in English.
vowels which were expected to get confused orthographically like /y/ and
fe/ (pUUt and pUt) were placed as close as possible to each other, to
attract special attention of the subject when responding. A subject's re-
sponse was immediately displayed on his monitor, together with the response
number as a confirmation. In case of a typing error or an incorrect re-
sponse, subjects were able to correct their last given response by using
the 'fout’ button and then giving their intended response. This corrected
response was displayed with the same response number as the previous
one. The response units of the four subjects were connected to a central
Apple Ile computer (Weenink, 1986). The responses of the four subjects
were displayed on the Apple Iie's monitor together with the stimulus' number
and type. In this way the experimenter had full control over the experiment
and could intervene if necessary. He stopped the audiotape when a subject
either forgot to respond or gave a double response to a stimulus, he then
asked the subject who was in error to perform a certain action. The double
beep between a series of ten successive stimuli served as a timer. Subjects
made few mistakes, approximately once in every session the experimenter
had to stop the tape to make a correction. Before a session started the
subjects were instructed that the experiment was on vowels and that
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Fig.2. Listening configuration. Four responsé units are connected
to a central unit (Apple Ile). A Revox A77 taperecorder and Sansui
AU-22 amplifier provide the audio signals to the earphones.
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Fig.3. Layout of the keybord part of the response unit.
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different vowels of different speakers were mixed in the first part of the
experiment. After the 380 stimuli in the mixed condition had passed, the
stimulus tape was stopped and a short break was granted. Then subjects
were told that in the next part they would hear the stimuli blocked for

each speaker and that every new speaker would be announced by a triple
beep. In general a full session, which consisted of stimuli presented in
mixed and in blocked condition, took about 50 minutes. The responses of

all four subjects were gathered on the floppy disk of the Apple Ile computer
and served as input for further data processing such as cumulative results
and confusion matrices.

SUBJECTS

The listeners were 10 male and 10 female, phonetically untrained, paid
volunteers. Most of them were students at the Faculty of Arts of the Uni-
versity of Amsterdam. All were native speakers of Dutch, with no hearing
deficiencies and ranging in age from 20 to 30 years.

STIMULI FOR THE EXPERIMENTS

In this section a description of the stimuli is given for each of the 8 ex-
periments.

Experiment 1,

The vowels as produced in isolation were selected with their original iength
(in fig. 1 this is the part of the sentence between mark 1 and 4). This
experiment is a replication of the experiments performed for English (Amer-
ican) vowels by a.o. Strange et al. (1967}, Macchi (1980) and Assmann et
al.(1982) and investigates how well natural, isolated, Dutch vowels are rec-
ognized when they are presented in mixed and in blocked condition to
listeners. We expect listeners to make few mistakes, in accordance with

the experiments of Assmann et al. and Macchi.

Experiment 2.

50 ms segments around mark 2 of the vowel produced in isolation were
selected. The initial half of a cosine window was used to smooth the onset
of the first 5 ms portion of the selected signal; this was followed by 40

ms at the original amplitude; the last 5 ms of the signal was smoothed by
the second half of the cosine window. We choose this 50 ms length to

have a duration which comes close to the duration of short vowels in con-
versational speech. A second reason was that we wanted to increase the
number of confusions. We also wanted to avoid duration differences and
dynamic features such as diphthongization. Because ail segments are equal-
ized in duration we introduce extra confusions between vowels where dura-
tion is the main cue for separating them, like between //-//, /o/-/2/,
/e/-/1/ and /a/-/*/ (Pols et al., 1973; Nierop et al., 1973; Nooteboom et

al., 1980). We name confusions of this type 'long/short confusions' and we
shall have to correct for them afterwards. Assmann et al. {1982) find a
mixed/blocked effect in their experiment with vowel durations gated to 100
ms; we too expect this effect to happen despite our shorter duration of 50
ms because if speaker information is still present in the vowe!, listeners
can take advantage of this fact when the vowels are presented in a blocked
condition.

46



Experiment 3.

50 ms segments around mark 6 of the vowel produced in /p-t/ context

were selected and smoothed as described above. The importance of dynamic
spectral information has been reported for vowel perception. In continuous
speech, when vowels can be coarticulated with consenants the spectral
pattern of the speech signal varies in such a way that the acoustic targets
found in isolated vowels, may not be attained (Stevens and House, 1963;
Koopmans- van Beinum, 1980). One refers to this phenomenon as target
undershoot and it is determined by speaking rate, sentence and word stress,
and individual style of speech (Lindblom, 1963). Because of this possible
undershoot we expect our vowels taken from their /p-t/ context, to be
acoustically less distinctive than their counterparts which were produced in
isolation when both are gated to a fixed short duration and are presented

in isolation.

Experiment 4,

Stimuli were 50 ms segments, resynthesized as a stationary signal from the
linear prediction analysis of order 12 which was done on a 25.6 ms segment
around mark 2 of the vowel produced in isolation. All pitch periods in this
50 ms resynthesized segment were the same, equal to the mean pitch of

the corresponding analyzed segment. From pilot studies we got the impres-
sion that listeners made a precategorization of stimuli, mainly on the basis
of pitch, into male-like, female-like and/or child-like. In order to manipulate
with the fundamental frequency in a well defined way we had to use resyn-
thesis. Because of the inherent smoothing performed by any analysis-resyn-
thesis system we expect more confusion errors in this experiment than in
the preceding ones. Altiiough the spectral envelope of the resynthesized
signal is smoothed we still expect enough speaker specific information to be
present in this signal to be of help in the blocked condition, which means
that their should be a difference in listeners performance in the mixed and
blocked condition.

Experiment 5.

50 ms segments, resynthesized with a fundamental frequency of 135 Hz
from linear prediction coefficients. Resynthesis was performed using the
12th order linear prediction coefficients from experiment 4. The chosen
frequency is approximately the mean male fundamental frequency as was
measured from the voices of our 10 male speakers. In resynthesizing all
the analysed vowels of our 5 male, 5 female and 5 chiidren speakers with
the same fundamental frequency of 135 Hz ('male-like') we present to the
listener partly conflicting vowel information: on the one hand a frequency
envelope belonging to a certain speaker category and on the other hand a
fundamental frequency which did not 'fit' (in this experiment this was the
case for children and female voices). On the basis of investigations of -
Fujisaki et al. (1968) and Wendahl (1959) we know that there is an inter-
action between fundamental frequency and spectral envelope. Therefore our
expectation is that especially in the categories women and children the
amount of confusions will rise.

Experiment 6. ,

50 ms segments, resynthesized with a fundamental frequency of 235 Hz

from linear prediction coefficients. The prediction coefficients from experi-
ment 4 were used. 235 Hz is approximately the mean female fundamental
frequency as was measured from our 10 female voices. Again, like in experi-
ment 5, there is conflicting information present in the resynthesized vowels,
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but this time it should interact mainly with the vowels from the male and
the children speakers.

Experiment 7.

50 ms segments, resynthesized with a fundamental frequency of 335 Hz
from linear prediction coefficients. This frequency is approximately the
mean children fundamental frequency as was measured from our children
voices. The same prediction coefficients were used as in experiments 4, 5
and 6. This time we expect the male and female vowels to have the greatest
interaction because their vowels are resynthesized with the greatest shift
in fundamental frequency with respect to their 'normal' fundamental fre-
quency.

Experiment 8.

50 ms segments, resynthesized with noise from the linear prediction coef-
ficients.The same prediction coefficients were used as in all the above resyn-
thesis experiments. Because of the fact that a very important indication of
speaker category, the fundamental frequency, is absent we expect more
confusion errors in this experiment than in experiment 4 where the vowels
are resynthesized with their '‘own' fundamental frequency. If, on the other
hand, the information about speaker category is still present in the spectral
envelope in another way, listeners performance should be comparable.

RESULTS AND DISCUSSION

In table II results of the 8 listening experiments are presented. This table
contains the mean error percentages for each experiment, in the mixed and
the blocked condition averaged over all subjects and vowels, both for all
speakers as well as for the separate speaker categories men, women and
children. Table III presents the data corrected for long/short confusions.
This correction means that a short vowel response given to its long counter-
part stimulus is considered to be a correct response. The reverse, a long
vowel responded to its short counterpart stimulus, is considered as a false
response. In figures 4, 5 and 6 the data from these tables are visualized in
histograms.

From experiment 1 we can conclude that vowels produced in isolation and
presented in a mixed condition, can be recognized very weli by listeners,
only 10.9 % errors. This result is significantly better in the blocked condi-
tion: only 4.4 % errors. These percentages are close to the percentages
that Macchi (1980) and Assmann et al. (1982) report. See table IV for an
overview. We want to emphasize that the differences in error percentages
between the mixed and the blocked condition were statistically significant
(p<0.01) in all 8 experiments. Reducing the length of the stimuli to 50 ms
(experiment 2) has increased considerably the number of incorrect responses:
35.6 and 31.2 % respectively for mixed and blocked conditions. When we
correct our data for long/short confusions, results become much better:
18.7 and 15.1 % confusion errors for mixed and blocked condition respec-
tively. These error scores are somewhat higher than the percentages that
Assmann et al. report for their experiment on gated vowels, but only rela-
tively because the duration of our gated vowels is half the duration of
theirs. The number of confusion errors in experiment 3 (segments from
vowels produced in /p-t/ context) has increased as compared to experiment
2 (segments from vowels produced in isolation), see table III.
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Fig.4. Error percentages averaged over subjects (20), vowels (12)
and speakers (i5) for experiments 1 to 8 (see text). Each column
contains the error percentages in the mixed (open) and in the
blocked condition (shaded). In each pair of the columns the left
column contains the uncorrected data while in the right column
these data are corrected for iong/short confusions.

This difference in percentage confusion errors proved to be statistically
significant, which confirms the hypothesis that the ¢enter part of vowels

in /p-t/ context is acoustically less clearly defined than the center part of
vowels produced in isolation.

The only difference between the stimuli of experiments 4 to 8 is the
fundamental frequency of the source used for the resynthesis. Because of
the fact that the percentages error in fig 4 are not the same for all these
experiments, we can conclude that indeed their is an interaction between
source and spectral envelope. This effect is strongest in experiment 7 where
we resynthesized with a fundamental frequency of 335 Hz. This impression
of the interaction becomes even stronger if we look at figures 5 and 6
where the speakers were split up in the separate categories men, women
and children. We see that the error percentages in these experiments differ
considerably for these categories. In general one could say that the error
percentages are lowest when a category is resynthesized with its 'proper!
fundamental frequency ( in experiment 5: men; in experiment 6: women; in
experiment 7: children).

We further note that the children's stimuli, according to the performances
of the listeners, are not as well defined as the stimuli of the men and
women. This is already clear in experiment 2 where we see that the 50 ms
male and female vowel stimuli are much better recognized than the children's
stimuli. Because we use the analysis of the vowel segments for further
processing, this effect proceeds in the resynthesis experiments.
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Fig.5. Error percentages averaged over subjects (20) and vowels
(12) but split up into speaker categories men (left column),

women (centre column) and children {(right column) for experiments
1 to 8 (see text). Each column contains the percentage error in
the mixed (open) and in the blocked condition (shaded).

There are several explanations why the children's segments are not as clear-

ly defined:

- the limitation of the bandwith to 5000 Hz can have a greater degrading
effect on the children's vowels. The high frequency components of the
children's voices seem to be stronger than the corresponding components
of the female and male voices.

- in the children's vowels there are more amplitude variaticns than in the
vowels of the men and women, probably because children have less
control over their voices. These amplitude variations can, in the sub-
sequent linear prediction analysis, be the cause of some more spectral
smoothing.

- the high fundamental frequency of the childrens vowels makes their
spectral envelope less clearly defined. This also has a degrading effect
on the linear prediction analysis because the '=ffective’ time interval for
the analysis becomes shorter.

- maybe the listener is in need of more dynamic spectrai variation to com-
pensate for the loss in static resolution in the children's vowels.

Further we note the especially good identification of the stimuli resynthe-
sized with noise: the error percentages in experiment 8, where the vowels
were resynthesized with noise, are approximately the same as the percent-
ages in experiment 4, where the stimuli were resynthesized with their orig-
inal fundamental frequency. Because of the fact that no direct fundamenta!
frequency information is present in the stimuli from experiment 8, a major

50



expeiment nummber —

Fig.6. Same as fig.5, all data have been corrected for long/short
confusions.

cue for speaker precategorization is not present, This means that besides
pitch there must be spectral cues in the signal from which the listener can
nevertheless extract relevant normalization information. Datailed physical
analyses have been performed c¢n the spectra to gather data for this infor-
mation. The physical analysis of all the stimuli used in our listening expe-
riments will hopefully shed some ligcht cn which spectrel cues the listener
might use for his normalizaticn. With this information we will be able to
predict listener's behaviour in cur listeninz experiments and we will have
gained a better insight in the perceptual and physical proces of normaliza-
tion. The data on the physical analysis will be prezented in a following
paper.
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Table I. Intermark durations in ms. See figure 1 for
position of marks. Means and standard deviations are
given in subsequent entries.

4-1 2-1 7-5 6-5

vowel mean} std | mean| std. mean | std. ! meani std.

- 174| 48| 47) 14 | 133] 32| 54| 34
y 186| 49 60| 16 | 134] 31| 57| 26
a 225 ss| ss|21) 218 33] 11| 28

o 162§ 45) 441 18 | 131} 23| 350 19

£ 167} 341 50} 17 | 130 23| 53 18

;e 166 48] 53} 17 | 130f 29§ 53| 21

e 234F 66 53 14 | 199§ 43} 60 | 23
i 175§ 46§ 481 12 § 126] 32| 48 27
1 164 461 48} 16 | 125}f 33} 47 21
o 238f 73j 52} 16 § 218§ 37} 75 31
3 165] 457 52} 17 ¢ 131§ 36§ 55 31
) 245f 70 58 14 { 215} 43| 68 31

Table II. Error percentages over subjects (20), vowels (12) and
speakers (15). The speakers are also split up into categories men,
women and children for both mixed as well as blocked condition.
See text for a further specification of the experiments.

short

exp| @ St o aversgedfiotal men women crildren

e m‘ﬁ,ﬁ‘;ﬂ | minet | vlocked | mined | blocked | mized | biocked | mined | blocked
1 [ vowe ¥V 10.9 44 9.9 42 | 115 40 | 114 5.0
2 | 50 ms from V 356 | 312 | 307 264 | 340 300 | 420 36.8

3 | 50 ms fram pVt 40.6 33.6 39.2 30.1 385 340 44.0 36.6

4 | 50 ms, mean FO 44.6 40.3 40.3 36.3 418 36.2 51.7 48.5

5 | 50 ms, FO=135 49.9 42.8 44.0 35.3 429 38.9 62.8 54.0

& | 50 ms, F0=235 49.5 43.3 50.1 43.0 41.8 38.1 56.6 48.9
7 | 50 ms, F0=335 59.9 570 70.3 68.0 S54 52.7 53.9 50.5
8 | 50 ms, noise 46.7 39.2 | 451 337 395 36.1 55.5 47.7
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Table III. Same as table II. All data have been corrected for
long/short confusions.

= cha;h::ﬁmion men women cildren aveziged/otal
nr. “:ﬁi‘,;‘ mixed |blocked | mixed |blocked | mixed |blocked | mixed | blocsed
1 | vowel V 85 38 10.6 3.6 9.8 4.0 9.6 38
2 | 50msfromV 12.9 11.1 16.1 12.7 271 21.6 18.7 15.1

3 | 50 ms from pVt 22,0 15.1 21.0 17.7 29.6 21.5 242 18.1

4 | 50 ms, mean FO 26| 208 | 249 207 | 393 359 ] 290 | 258

5 | 50 ms, Fo=13s 250 123 | 280 23| 570 440 367 | 282
6 | 50 ms, Fo=235 363 | 280 | 261 20| 419} 370] 367 | 290
7 | so n;s, FO=335 28| s93 | 425 404 | 424 | 378 | 492 | 458
Q 50 ms, noise 35| 196 253 212 | 478 | 274 | 345 | 260

Table IV. Comparison of percentage error in the mixed and the
blocked condition for different experiments. From left to right the
subsequent columns (indicated within brackets) are respectively:
the experimenters (1), the year of the publication (2), the number
of speakers in the categories men, women and children (3), the
number of vowels used (4), the duration of the stimuli (in ms),

'full' means that no segmentation has taken place (5), stimulus
type (6), percentage error in the mixed (7) and in the blocked
condition (8).

Experiment year | speakers | #V Lengzh type | mixed (%) | blocked (%)
Verbrugge et al. 76 555 9 full | pVp 17.0 9.5
Strangeetal. 76 55,5 9 full | pVp 17.0 9.0
: 76 | s.ss 9 jfnf| v 426 31.2
76 | 444 9 | fmjcvCc| 230 22,0
Macchi 80 | 55,5 1 | fal | v 7.8 1.5
80 | 555 11 | foll | Ve 86 2.0
Assmann et al. 82 | 550 10| fl| v 7 5.4 41
82 | 550 10100} v 13.8 9.5
Weenink 86 | 555 |12 }fnj Vv 9.6 3.8
86 | 5.5.5 12§%]V 187 15.1
86 | 555 12 |5 | pv 242 18.1
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