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Formant structure and duration of the six Indonesian monophthongs spoken in isolation and in
monosyllables were analysed, Of the vowels spoken in isolation with a rise~fall-pattern fundamental
frequency was also measured, The results reveal amongst other things that there is very little

overlap in the Fl/F2

-plane between the realisations of the six vowels in context, Secondly, the

"pepet" /s/, which is traditionally regarded as a central vowel, appears to be a more closed vowel

when spoken in context, As regards its fundamental frequency /o/ also seems to agree with the closed
vowels /i/ and /u/., The measurements on duration indicate for the vowels in context a rough parti-
tion into closed vowels on the one hand and mid-vowels and open vowels on the other; the durations of
the vowels spoken in isolation do not seem to differ significantly.

1. INTRODUCTION
1.1 AIM OF THIS STUDY

The first aim of the experiment de-
scribed in this paper is to contribute to
the experimental phonetic description of the
Indonesian sound system. Secondly, the re-
sults of the measurements will be used for
our forthcoming perceptual study of the
possibly different ways in which Indonesian
speakers with different regional backgrounds
divide the vowel space (van Zanten and van
Heuven, 1983).

Acoustic measurements on Indonesian
vowels have, as far as we are aware, only
been reported by Zubkova (1976). She deter-
mined the center frequencies of the first
four formants of the Indonesian monophthongs,
each spoken once by one female and four male
speakers in a number of conditions, viz. as
isolated vowels, embedded in different posi-
tions and different consonantal environments
in monosyllabic and polysyllabic words, as
well as under different accent conditions.
In the presentation of her results, however,
zZzubkova does not differentiate for the vari-
ous contexts. In the present study we have
tried to remedy this problem by strictly
separating vowels spoken in isolation from
vowels spoken in context, We also tried
to keep the segmental environment of the
vowels 1in the latter category as constant
as possible, Moreover, several realisations
per speaker were collected in order to get
an impression of both inter~ and intra-
speaker variability.

1.2, OPERATIONALISATION

The study is restricted to the Indone-
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sian monophthongs, leaving aside the cate-
gory of diphthongs, Indonesian grammars
indicate six monophthongs for the Indonesian
vowel system, viz, /i, e, a, o, u, o/,

There is allophonic variation between
realisations in open and in closed syllables,
but there is no agreement on the extent to

~which allophonic variation takes place,

Amran Halim (1974) for instance, who de-
scribes Indonesian as it is spoken in South
Sumatra, states that each of the six vowels,
except /a/ and /s/, is phonetically repre-
sented by two allophonic variants; according
to Ross Macdonald and Soenjono Dardjowidjojo
(1967) allophonic variation occurs in all
monophthongs except /s/, according to Teeuw
(1978) only in /i, e, a, o/, and according
to Arsath Ro'is (1980) only in /i/ and /a/,
whereas /e/ and /o/ - apart from a few ex-
ceptions - "are pronounced as /¢/ and /o/

in Dutch",

In our experiment the six monophthongs
were spoken by male native speakers of Indo-
nesian, To get as close as possible to real
speech the vowels were embedded in words
which in turn were incorporated in sentences.
Due to phonotactic constraints it is not al-
ways possible to keep the context identical
for all vowels, In view of naturalness,.
however, we did not take recourse to non-
sense words, The speakers were also asked
to pronounce the vowels in isolation, 1n
order to be able to obtain a better estimate
of their target wvalues,

2, METHOD

2.1, RECORDINGS

The six Indonesian monophthongs were



recorded in 1isolation as well as embedded
in mono- and disyllabic words, The stim-
ulus words., were selected such that the
context for all six vowels was, as far as
possible, the same; all stimuli had the
form CVC(VC), where C was always a voice-
less plosive. Voiceless plosives were
chosen because they are relatively easy

to segment in a visual representation of
the speech signal. Because of phonotactic
constraints and lexical gaps it was not
possible to find a context CVC(VC) for

/o/ and /e/: here the words ke 'towards'
/ko/, Tebet 'quarter of Jakarta' /tsbet/,
pes 'plague' /pes/ and tetes 'drop' /tetes/
were chosen,

All stimulus words were spoken - in
pre-pausal position - embedded in the
sentence: "Ini kata ,..", 'This 1is the
word ...', with the purpose to keep the
prosody as identical as possible. Similar-
ly, the vowels spoken 1in isolation were
embedded at the end of a fixed sentence

frame: "Dalam kata ,.. terdapat bunyi ..,",
'In the word ... we find the sound ...',.
a. Procedure

The stimulus words in their carrier-
sentences were typed on individual cards
and presented five times to the subjects

in the same random order. Immediately
after this the vowels in isolation were
pronounced once Dby each subject, The

speakers were asked to read each sentence
on their own, and to observe a pause
between consecutive sentences. (For a
list of the complete stimulus material
see Appendix 1.)

The recordings were made 1n a sound-
proofed studio of the Indonesian Broad-
casting Corporation onto a Nagra IV S
taperecorder (19 cm/s) with an AKG-CK
8 hypercardioid microphone.

b. Inf ormants

Ten speakers took part in the experi-
ment. All of them were male adults,
middle class and at the time living 1in
Jakarta. Four were of Javanese descent
and three of Chinese, Two of the speakers
were "real" Jakartans ("Betawili asli") and
one called himself "campuran": he was born
in Ujung Pandang and had lived in Central
Java before he came to Jakarta.

2.2. MEASUREMENTS

In the presentation of the results
we shall limit ourselves to the analysis
of vowels spoken in isolation and 1in
monosyllables only., The following acoustic
characteristics of the vowels were mea-

sured:

a. Formant Structure

As 1s customary in an acoustic de-
scription of vowel systems the center
frequencies of the lower formants - i.e.
groups of adjacent overtones amplified
by the resonance characteristics of the
vocal tract - were measured, The fre-

quency of the lowest formant, Fl’ 1is

inversely related to vowel height; the
second formant, f2’ (or rather the dif-
ference between the frequencies of F2 and
Fl) corresponds to the degree of backness

in a traditional vowel diagram (cf,

Ladefoged, 1975, 173). Fyy F2, and to a
lesser extent F3 are decisive in distin-
guishing vowels from each other, The

center frequencies of these three formants
were estimated from narrowband section
spectrograms (Kay Sonagraph 6061, filter
bandwidth 50 Hz) taken at a point in time
halfway through the vowel, 1In the scale
used 1 mm along the frequency-axis repre-
sents 82 Hz.

b. Duration

Durations of the vowels in mono-
syllables were measured from broad-band
spectrograms (Kay Sonagraph 6061, filter
bandwidth 300 Hz; 1 mm along the time-
axls corresponds to 7,6 ms), As the
vowel /s/ in the word ke was not closed
in a clear way by a final consonant 1t
was decided not to measure duration in
context of this vowel,

For the vowels in isolation a more
detailed temporal analysis was made from
oscillograms (Honeywell Visicorder 2206,
20 cm/sec) and a parallel intensity trace
(Frgkjaer Jensen IM 360, 20 ms integration
time, full bandwidth), The duration of
the vowel was defined as the time inter-
val between the moments in which the
intensity of the vowel exceeded resp.
dropped below 10% (along a decibel-scale)
of its peak value (Debronck, 1977), As
rise time the time segment was measured
during which the intensity increased

from 10% to 90% of its peak value (tO and

tl’ resp.), and as decay time the interval

between the moments where the intensity
dropped from 90% to 10% (t2 and tyy resp.).

The steady time then equals the overall
vowel duration minus 1its rise and decay

time. The moments tO and t2 were chosen

as late as possible, tl and t3 as early

as possible (see also Figure 1).
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Figure 1l: an example of an intensity trace of a vowel spoken in isolation,

C. Periodicity (FO)

Fundamental frequency was only measured

for the vowels spoken in isolation, on the
basis of an FO-trace written on a third

channel on the oscillogram (Frgkjaer-Jensen

FFM 650 Fo—meter). A logarithmic scale was

chosen in which 10 mm equalled a fixed
musical interval of 6 semitones (1 semitone

= 1/12 octave or about 6% difference between

two tones).

When listening to the recordings it
appeared that part of the speakers had
produced the isolated vowels on a fairly
flat tone. Of these tokens the fundamental
The other

five points in time and then connecting
these points with straight lines. The
points of time concerned were the begin-
ning of the rise (to), beginning and end

of the time interval during which the
fundamental frequency is fairly constantly
at its top level (t1 and t2) "high pla-

teau", end of the fall (t3) and end of
the pitch contour (t4); between t3 and t4

there are no visible pitch changes ("low
plateau"). tO and t, were determined

on the analogy of the beginning of the
rise time and the end of the decay time
respectively in the parallel intensity

frequency was not analysed, : :
tokens which had a fundamental frequency Eragié tThettlgidlzterzalzngegweeznd ¢ and
with a rise-fall pattern were stylised by 0 17 "1 2" 72 37 3
measuring the fundamental frequency at t4 were also measured (see also Figure 2).
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Figure 2: an example of the fundamental frequency contour of a vowel spoken in isolation with

a rise-fall pattern and its stylization.

712

Beginning and end of the -
the analogy of the beginning and the end of the parallel intensi:

I contour are determined on



3, RESULTS OF THE MEASUREMENTS
3.1. FORMANT STRUCTURE

a. Vowels in Isolation

Table 1 gives the means (xX) and stan-
dard deviations (s) of the measured formant
values of the vowels spoken in isolation
(ten speakers, one utterance per speaker),
For a breakdown per speaker see Appendix
2.a.

X s X S X S

/i/ 287 50 2413 248 2860 365
/e/ 459 139 1730 341 2435 266

/a/ 877 92 1529 126 2447 297
/o/ 471 137 1015 208 2263 485
/u/ 320 75 914 197 2406 261

/a/ 486

87 i 1493 112 | 2647 195

Table 1: mean formant values and standard deviations
(s) in Hz of the six vowels spoken in iso-
lation; ten speakers, one utterance per

speakerz.

b, Vowels Embedded in Monosyllabic Words

Table 2 lists the measured formant
values of the six vowels embedded in mono-
syllabic words, averaged first over the
five utterances per speaker and then over
the ten speakers; the standard deviation
gives the scatter of the ten speaker means,
See also Appendix 2.b.

F I3 F

1 2 3
X s X s X s
/i/ 361 33 2038 1481 2804 161
/e/ 611 49 1716 76 2436 138
/a/ 848 105 1361 124 2485 161l
/o/ 587 27 1017 56 2327 221
/u/ 375 42 895 63 2571 233
/a/ 416 40 1517 131 2657 148

Table 2: mean formant frequencies (;) in Hz) and
standard deviations (s) of the six vowels
embedded in monosyllabic words; ten
speakers, five utterances per speaker,

The standard deviation (s) gives the
scatter of the ten means over the speakers,

3.2. VOWEL DURATION

Table 3 specifies the duration of the
vowels in context (except /s/) averaged
first over the five utterances and then
over the ten speakers. The standard devi-
ation represenits the scatter of the ten
speaker means. As for the vowels spoken

in isolation (one token per speaker), the

ten utterances were averaged,

The vowel

durations per speaker, averaged over the
utterances are also included in Appendix 2,

gr—— |
in . )
context 1n isolation
overall joverall rise steady| decay
durationfduration] time time time
X s X s Ix s X S X S
- - -

/i/ 60 16 |335 63]26 16 |155 41 |154 43
/e/ 117 30 |340 74 |27 16 }145 49 |168 55
/a/ 90 24 344 80 |27 23 1136 41 J181 59
/o/ 101 21 366 62 |27 16 J163 51 |176 39
/u/ 77 15 1339 67 |22 11 |146 56 |171 55
/a/ - = |357 70;29 31 1162 60 166 53

i

Table 31 mean duration values and standard devia-

tions (in ms) of the six vowels, The
durations of the vowels in context are
averaged first over the five utterances
and then over the ten speakers, The dura-
tions of the vowels spoken in isolation
(one token per speaker) are averaged over
the ten speakers., The standard deviation
(s) expresses the scatter of the means
over the speakers,

3.3, FUNDAMENTAL FREQUENCY

The pitch contour of a vowel was only
analysed if its fundamental frequency
showed a clear rise-fall pattern. Such a
stylised pitch contour could be determined
completely, or almost completely for the
vowels spoken in isolation by three
speakers; in these cases the fundamental
frequency was measured at the points of

time tO’ tl’ t2, t3 and t4, as were the

time intervals between these points (see
also Pigure 2). The data of two of the other
speakers could only partially be measured.
Five speakers produced the isolated vowels
on a fairly flat tone, Here the F, was not

analysed, The results of the measurements
are included in Appendix 2.c,

4, DISCUSSION OF THE RESULTS OF THE
MEASUREMENTS

4,1, FORMANT STRUCTURE

Figure 3 contains the six vowels in
context with the realisations of each speak-
er plotted in a Fl/Fz—plane with logarithmic

axes. A visual impression of the scatter
of each vowel type has been given by con-
necting the most extreme tokens of each
type by a minimal number of solid straight
lines, such that we get a demarcation with-
out indentations of the area within the
Fl/Fz—plane which contains all the tokens

of the same vowel type (cf, Ladefoged, 1967).
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"Centres of gravity" (i.e. the points which
correspond with the intersections of the

mean Fl and F2 values of all the vowels

contained by a polygon) are indicated with
the symbol of the phoneme concerned. The

polygons of the vowels spoken in context
are shaded. 1In addition, the scatter of
the six vowels spoken in isolation 1is
specified in Figure 3, The extreme tokens
per vowel are connected by dashed lines.

second formant frequency (kHz)

first formant frequency (kHz)

1.0

Y T 4

L L] kR L

Figure 3: scatter diagram of the six vowels spoken in context and in isolation, The shaded
polygons with their continuous straight demarcation lines form the envelopes of the fifty realisations
per vowel in context (ten speakers, five realisations per speaker), The centres of gravity (i.e. the
intersections of the F. and F_ values of the vowels concerned) are indicated with the symbol of the

1 2

phoneme concerned; F., and F_ values are averaged first over utterances per speaker and then over the

1 2

speakers. The polygons with dashed demarcation lines envelop the ten tokens of each of the
vowels spoken in isolation (ten speakers, one token per speaker),

The graph allows a number of observations:
1. There is hardly any overlap between the
realisations of the six vowels spoken in
context, even when all realisations per
vowel type are taken into consideration

(N = 300),

2. The considerable scatter of /e/, /o/
and /u/ spoken in isolation and the re-
sulting greater overlap of vowels in
isolation is remarkable; especially /s/
spoken in isolation largely falls within
the scatter area of one of the other vowels,
viz. /e/.

3. It is not possible to simply ascribe
the difference between vowels spoken in
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context and vowels in isolation to reduc-
tion phenomena. As regards the corner-
vowels /i/, /u/ and /a/ it can be main-
tained that the polygons of the vowels
spoken in context have generally shifted
to the centre of the Fl/Fz-plane when

compared to the isolated vowels; but

this is certainly not true for /s/. The
"ideal position" of /s/ (i.e. spoken in
isolation) seems to be fairly centralized,
but in real speech /o/ appears as a more
closed vowel: when spoken 1in context- it

is practically in line with the closed
vowels /i/ and /u/,



4,2, VOWEL DURATION

Many languages have intrinsic vowel
duration differences which are related to
the degree of mouth opening. When all
other variables are kept constant the rule
obtains that the larger the degree of
opening - and consequently the articulatory
movement ~ the longer the vowel, According
to Lehiste (1970, 18-19) this may well be
a universal linguistic phenomenon. Conse-
quently, in Indonesian, we should expect
/a/ to have the longest, /e/ and /o/ an
intermediate and /i/ and /u/ the shortest
duration.

The means over the speakers of our
measurements of durations of vowels in
context indeed reveal the expected rela-
tively short durations for the closed
vowels /i/ and /u/, and a slightly longer
duration for the open vowel /a/. The mid-
vowels /e/ and /o/, however, are longer
than predicted; they are clearly longer
than the open vowel /a/; see Table 3.

For an explanation for this unexpected
pattern one should first of all consider
that the consonantal context was not iden-~
tical for all the vowels. The relatively
long duration of /o/ can be partly attributed
to 1ts consonantal context; Nooteboom and
Cohen (1976 , 104/5) report that Dutch /o/

is approximately 10 ms shorter when fol-
lowed by /k/ than when followed by /t/,

If this effect cf consonantal context on
vowel duration is a universal phenomenon,
we may assume that Indonesian /o/, when
followed by /k/ in the stimulus word in-
stead of by /t/ as it was in the experiment,
would have reached a mean duration value of
appreximately 90 ms. For the relatively
long duration of /e/ in context there is a
similar explanation: /e/ is followed by /s/
in the stimulus word, and voiceless frica-
tives do not shorten the preceding vowel

to the extent that voiceless plosives do:
Nooteboom and Cohen give a difference of
around 10 ms for /I/ or /e:/, Therefore,
Table 4 also presents estimated vowel
durations after correction for the influ-
ence of the final consonant,

/1i/ 60 60 l
/u/ 77 77
o | 101 91
/e/ 117 107
/a/ 90 90 I

Table 4:(a) mean durations of vowels in context
(as Table 3);
(b) as (a) but corrected for final conso-
nant, according to Nooteboom and
Cohen (1976)

The differences 1in duration which we
found between vowels in context are very
small and it is only by means of a rough

division into two categories that they can
be related to the degree of opening of the
mouth: the closed vowels are as a category
approximately 30 ms shorter than the mid-
vowels and the open vowels,

For the vowels in isolation, however,
there is no relation at all between duration
and degree of opening of the mouth, None of
the differences concerned (see Table 3 or
Figure 4 (open circles)) is statistically
significant. The fact that there is no re-
lation between vowel duration and degree of
opening of the mouth is not caused by the
production in isolation: Govaerts (1974,
Table 1.15) did find a positive relation
between degree of mouth opening and vowel
duration for Southern Dutch vowels spoken
in isolation (see Figure 4 (plusses)),

400 F .
M/M\b{o
2 300 b +/

DURATION ——
N
o
o
+
///2*
+

—
-
o
T

VOWEL TYPE
(ordered by vowel height — F,)

Figure 4: mean duration values of the six
vowels in context after correction for the influ-
ence of the final consonant (@) and spoken in
isolation (0) as a function of degree of mouth
opening. For the sake of comparison, duration
values of Southern Dutch vowels spoken in isola-
tion (+) have been included (adapted from
Govaerts, 1974),

4,3, FUNDAMENTAL FREQUENCY

The data on the fundamental frequency
contours with a rise-fall pattern are scant;
see Appendix 2.c, For the three speakers
for whom such a contour could completely or
almost completely be measured, the following
obtains (see also Figure 2):

a., At the moment of time to there are fairly

large differences in pitch between
speakers as well as among vowels; the
mean value over the three speakers and
the six vowels is 3 semitones above

100 Hz,3
b, The mean pitch at the "high plateau" Qf
the contour, i,e. between ti and t,r is

7 semitones above 100 Hz.
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c. Each of the three speakers has a fixed
pitch at the "low plateau" of the contour
(between t3.and t4), which varies between

1.5 and 2.5 semitones above 100 Hz for
the different speakers.

For four speakers we can compare the
high plateaux of the Fy-contour of the

various vowel realisations.

speaker sy Je) Je) Jof /3

nr,

3 8.5 9.5 8.5 7,5 6.5 6
5 12 13 11 11,5 9.5 9
8 6.5 6 7 5 5 5
10 9,5 8 8 9 7 7

Table 5: "high plateaux" of the stylized F_-contours
(in semitones above 100 Hz) of the realisa-
tions of the six vowels spoken in isolation
by the four speakers who used a rise-fall
pattern.

Table 5 shows that for these four
speakers the FO of the closed vowels /i/

and /u/ always reaches a higher top-level

than the FO of the open vowel /a/ by the

same speaker. The difference in pitch
between /i/ and /u/ on the one hand and /a/
on the other varies for the same speaker
from 1 to 4 semitones, Such a variation in
fundamental frequency related to the degree
of mouth opening is well known in the liter-
ature; see, for instance, Lehiste (1970,
68/9), who also claims that differences of
sizes as found in Table 5 are without any
doubt perceptible.

Mid vowels have a F, with a position

0
between the F_'s of open and closed vowels

0
according to Lehiste, In our experiment,

however, we find that the FO of /o/ agrees

with the FO of /a/ of the same speaker.

The position of /e/ is not clear in this
respect.
The F. of /o/ behaves in the same way

0
as the FO of the closed vowels /i/ and /u/:

the "high plateau" of its contour is ap-
proximately as high as that of /i/ and /u/
of the same speaker; it is always higher
than the high plateau of /o/ - and defi-
nitely higher than that of /a/.

5. EVALUATION OF THE METHOD OF MEASURING

In this explorative study the six In-
donesian monophthongs were analysed as
spoken by a not randomized and - when one
takes into consideration the great diversi-
ty of speakers of the Indonesian language -
limited number of Indonesian speakers. The
ten speakers, all male, were asked to pro-
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nounce the vowels embedded in words which
again were - in pre-pausal position -
inserted in a carrier-sentence, and there-
after in isolation, once again in pre-pausal

position in a carrier-sentence, The purpose
of using carrier-sentences was to keep the
prosody as identical as possible. However,

in spite of our precautions, a deviating,
rising intonation contour was occasionally
found at the end of the sentence,

The vowels in context were only measured
in mono-syllabic stimulus words, The form
of the stimuli, viz, CVC, where C is a
voiceless plosive, sometimes caused a con-
siderable reduction both in vowel duration
and in formant values, Occasionally we had
to resort to a comparison with section spec-
trograms of other realisations of the same
vowel by the same speaker in order to be
able to measure the formants of a particular
vowel,

In some cases 1t was not possible to
measure a formant, Notably Fy of Ju/

in about two-thirds of the cases was too
weak to be read from the spectrogram.
For the numbers of measurements of the
formants per vowel and per speaker see

Appendix 2.
The results of the measurements on

vowels in isolation should be looked at
with some reservation: they are based on
one reaiisation per vowel per speaker only,

6. SUMMARY OF RESULTS

The results give us in a tentative way
some idea of the Indonesian vowel system as
far as the six monophthongs are concerned.
Below the most important results of the
experiment are summarized,

1., In the Fl/FZ-plane there is hardly any

overlap between the realisations of the
six vowels in context, even when all
realisations are taken into considera-
tion.

2, The "pepet" /s/, which is generally
regarded as a central vowel in Indone-
sian textbooks, does comply with this
qualification when spoken in isolation,
When spoken in context, however, /s/
appears to be a more closed vowel, with

an Fl which is almost as low as the F1

of the closed vowels /i/ and /u/.

3., From the measurements on the fundamen-
tal frequency - which were for that
matter obtained for 4 speakers only -

the F0 of /s/ seems to agree with the

Foq of /i/ and /u/. If /s/ is indeed to

be counted among the closed vowels on
account of its low Foy this would fit

in nicely with the data on its fundamen-
tal frequency.
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APPENDIX 1: THE STIMULUS MATERIAL

In the carrier sentence "Ini kata ,..",
'This is the word ...', the following stimu-
lus words were presented to the speakers:

tik /tik/ 'tap', 'type'

titik /titik/ 'dot', 'drop'

pes /pes/ 'plague’

tetes /tetes/ 'drop'

pak /pak/ 'packet'

kakak /kakak/ 'older sister,
brother'

pot /pot/ '(flower) pot'

pokok /pokok/ 'essence'

kuk /kuk/ 'voke'

tutup /tutup/ 'closed'

ke /ka/ 'towards'

Tebet /tebat/ 'quarter of Jakarta'
The six monophthongs /i, e, a, o, u,

s/ were presented in the sentence frame

"Dalam kata ... (tik, pes, ...) terdapat

bunyi .. (2, e,...)", 'In the word ...

(tik, pes, ...) we find the sound ...

(i, e, ...)".

APPENDIX 2

a. formant values in Hz and vowel durations in ms per speaker of the six vowels spoken

in 18o0lation

vowe [ Z;éazgr Fz F2 F3
/i/ 1 377 2345 2837
2 295
3 254 1976 2591
4 254 2345
5 336 2714 3206
6 336 2591
7 213 2427
8 254
9 254 2468 3206
10 295 2550 3247
/e/ 1 336 2386 2837
2 787 1525 2140
3 377 2673
4 418 1320 2427
5 295 1853 2427
6 459 1730 2386
7 582 1853 2837
8 459 2140
9 459 1812 2304
10 418 1361 2181

overall rise steady decay
duration time time time
330 10 180 140
400 10 240 150
270 20 130 120
360 40 130 190
320 20 130 170
210 20 100 90
430 10 200 220
350 50 140 160
310 50 160 100
370 30 140 200
350 20 200 130
390 10 240 140
250 20 110 120
360 20 110 230
320 30 110 180
230 50 90 90
480 20 190 270
280 10 130 140
390 60 150 180
350 30 120 200
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vowel

/a/

/o/

/u/

/=/

vowel

/i/
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nr,

speaker

b. formant values (in Hz) and vowel durations (in ms) of the six vowels embedded

o~ = =
ocowvwo~Nonbdswbh -+ OWOOJTOYNUTL &> WIN - OOV~ b W

OWwWwooJoOUnd Wi

=

of

992
951
828
992
787
869
910
705
828
910

828
377
459
377
418
500
377
418
541
418

500
336
295
254
377
336
254
295
295
254

582
582
459
582
336
418
500
418

500

1525
1607
1648
1566
1402
1730
1484
1525
1279
1525

1238
1074
1361
1156
828
992
910

746
828

1361
828
828
787
828

1115
951
828
664
951

1443
1320
1484
1525
1361
1689
1566
1484

1566

2 overall
3 duration
2386 310
2304 340
2386 300
2263 460
2304 360
3165 200
2304 450
300
2468 300
420
390
1812 390Q
310
450
1894 310
2796 260
420
320
2550 390
420
330
440
2591 250
2222 390
300
280
420
3Q0
280
400
2591 350
2509 450
2796 300
2345 330
2796 310
2878 260
2468 480
2796 360
370
370
APPENDIX 2

rise
time

10
10
40
60
10
10
10
20
70
30

10
20
40
50
30
30
10
10
50
20

20
10
3Q
40
20
20
10
10
40
20

20
20
20
20
10
30
20
10
110
20

steady
time.

150
90
90

200

160
90

180

100

150

150

240
240
100
180
120
100
180
130
170
170

200
260

80
100
110
100
180
170
130
130

170
310
150
130
140
100
170
160
130
140

in monosyllabic words, averged over the five utterances per speaker

nr,

of

speaker

H

ocowo~NNonUn bW+

8|

377
398
336
328
352
385
295
393
361
385

S

29
41

18
22
34
29
22
22
34

valid
cases

oot ottt O U1

2042
1976
2058
1755
2312
2025
2189
1960
1960
2099

S

62
58
41
99
73
168
128
62
74
123

valid
cases

Lot Ot WM

2624
2735
2722
2517
2903
2804
3073
2845
2927
2894

S

45
24
34
128
135
61
275
53
73
111

valid
cases

et uldes O,

duration

X

77
45
46
47
83
47
50
59
72
71

decay

time

150
240
170
200
190
100
260
180

80
240

140
130
170
220
160
130
230
180
170
230

110
170
140
250
170
160
230
120
110
250

160
120
130
180
160
130
290
190
130
210

S

- -
WU OO W~ oo

valid
cases

oyt e O,



vowel

/e/

/a/

/o/

/u/

/a/

nr.

‘speaker

=

-

=

P

p—

OCWOOJOWUbk WK OWOJOAUTd WN - CWwWwoOoJauUud WN -

CLWAOVJO UL WNH

OCWoo~JOUNTddwWwhH-H

of

8]

639
633
623
648
672
500
582
639
574
598

894
910
795
1000
779
877
918
689
689
926

582
551
574
607
639
574
574
566
582
623

328
398
344
344
402
402
311
451
377
393

492
428
410
361
361
426
410
434
385
451

37
21
29
37
34
116
50
47
18
22

22
41
53
67
45
67
79
47
47
74

58
91
67
94
37
61
34
22
29
58

18
24
34
45
37
74
22
34
50
37

45
21
34
22
55
18
18
37
34
34

oot b (SN I O RO, R0, ) 6, B~ Lot nwuv OO OO OO0

oottt de&es: O,

1820
1679
1714
1673
1845
1710
1681
1574
1730
1730

1451
1293
1246
1580
1377
1443
1336
1279
1156
1451

1115
982
976
984

1058

1082
982

1008
934

1049

943
941
828
935
836
976
935
828
803
926

1517
1546
1599
1738
1517
1615
1369
1443
1271
1558

45
97
103
173
34
191
61
73
50
145

18
24
89
103
85
92
22
41
65
61

96
39
37
53
62
67
52
22
94
62

34
91
65
62
18
55
158
65
85
47

67
85
79
106
18
34
45
41
34
155

oot e O om0 oottt Ul wu, (SN0 G RO R0 ) N6 O By

oot s O

2419
2550
2763
2288
2296
2407
2458
2394
2353
2435

2304
2810
2566
2478
2288
2575
2288
2484
2517
2542

2355
1966
2171
2566
2386
2724
2230
2238

2304

2427
2509
2673
2325

3083
2591
2427
2530

2484
2550
2607
2927
2607
2689
2517
2845
2566
2776

45
58
98
90
61
71
202
124
53
98

50

24
273
178

69
160
144
111
128
146

52
283
78
210
172
62
89
22

209

58

87

53

111
108
103
326
80
69
168
202
37
71

valid -
cases

OPHKEHEHFONMDKHEN o U&= OTULE &b UOoOTULhoTUT U U Lot s utUl e,

NGO RO EO RGN RGN0, RV NG

duration

121
84
99

155

118
83
81

155

113

145

99
76
82
56
138
75
74
96
105
102

104
80
91

100

131
70
84

110

119

122

83
61
72
75
101
68
68
71
83
92

S

valid
cases

oottt Ut Ul UL UTOT U, N oot b Ot Ulbe O,

OCOO0COCOOOOO0O0O0O
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APPENDIX 2

c. fundamental frequency of the vowels spoken in isolation with a clear rise-fall

80

pattern
PR p— — m - —
frequency in semitones : .
above 100 Hz time 1in ms
g ™ » m—— %
beginning high low : high - low
rise plateau plateau rise plateau fall plateau
o LS T B TR | IR IS T T B Rt T B |
subj. 3 /i/ 8.5 2 30 50 120 60
/e/ 3.5 7.5 2 30 40 80 110
/a/ 3 6 2 50 20 80 140
/o/ 6.5 2 80
/u/ 5,5 9.5 1,5 30 40 100 80
/a/ 5 8.5 2 30 60 90 120
" - -y an amman oo — R
subj. 4 /u/ 7 10 2,5 70 50 100 140
/a/ 5 2 90 90 150
subj. 5 /i/ 12 1
/e/ 11.5
/a/ 9
/o/ 9.5
/u/ 13
/a/ 11
subj. 8 /i/ 2 6.5 2 50 50 110 110
/e/ 5 1.5 40 70 80 70
/a/ 2,5 5 2 50 30 90 90
/o/ 5 1.5 50 70 90 70
/u/ 2.5 6 2,5 40 50 70 140
/o/ 2 7 2 60 50 100 110
subj. 10 /i/ 9.5 2 100 110
/e/ 3 9 2 40 70 110 100
/a/ 2,5 7 2,5 50 60 90 190
/o/ 4 7 2 40 60 110 190
/u/ 5,5 8 2 40 70 100 150
l VAYA 4 8 1,5 40 70 100 130 J
NOTES
1. The research reported here was financed in tokens underlying the means, see
part by the Netherlands Organisation for the Appendix 2.a.
?3?2?f§g?nt of Pure Research (Z.W.0. project nr. 3. 100 Hs is an arbitrary reference value
) relative to which all periodicity measurements
2. For the rather variable numbers of have been expressed.



