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ABSTRACT

The effect of sentence accent, word stress, and word
class (function words vs. content words) on the
pronunciation of Dutch vowels was investigated. it
was found that these linguistic factors have a clear
influence both on the duration and on the position of
('steady-state’) formant frequencies of vowels.
Furthermore it was found that the shift of formant
frequencies due to these factors is not necessarily
towards the centre of the vowel triangie because of an
interaction between spectral reduction and
coarticulation.

1. INTRODUCTION

In a natural conversation the important information is
usually conveyed in only a few key words. For a
listener it is often unnecessary to receive a spoken
message literally, as long as the key words are
properly understood. This implies that a talker will
probably strive to pronounce the important parts of an
utterance as clearly as possible and relax his
articulation in the less important parts, knowing that
the listener is capable of filling in the fuzzy, or missing
parts of an utterance (see e.g. Laan et al., 1991).
Three linguistic factors may play a role in this respect:

- Sentence accent.
A talker will usually place an accent on a certain part
of an utterance in order to highlight the information
conveyed in it (Bolinger, 1972; 1985). This
suggests that accented words are more carefully
pronounced than unaccented words.

- Word stress.
Stressed syllables may serve as ‘anchor points’ in
the word recognition process. This suggests that
talkers might try harder to clearly articulate stressed
syllables than unstressed ones.

- Word class (content words vs. function words).
In general there is more information conveyed in
content words than in function words (Bolinger,
1975). Content words may therefore be more
carefully pronounced than function words.
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In this investigation we restricted ourselves to vowels:
How are the formant frequencies of vowels influenced
by sentence accent, word stress, and word class? In
this stage of the investigation we were only interested
in the 'steady-state’ vowel parts.

2. EXPERIMENTAL DESIGN

The test material consisted of CVC syllables that exist
as:

- afunction word;
- anunstressed syllable in a content word;
- astressed syllable in a content word.

Although in the actual experiment only Dutch words
were used, an English example is given here to
illustrate the experimental procedure. Such an
English example might be the syllable can:

- "can" as a function word (auxiliary verb);
- inthe word "canteen" (unstressed syllable);
- inthe word "candy"” (stressed syllable).

By using identical syllables in such triplets of words,
coarticulation effects would be similar for the vowel of
interest (the /ze/ in the English example) in all
experimental conditions. '

Each word was placed in a sentence which was read
aloud by 15 male subjects. All sentences were read
twice, once with an accent on the test word and once
with an accent elsewhere in the sentence. The place
of the sentence accent was manipulated by means of
questions, which had been recorded in advance. The
subjects heard the questions through a loudspeaker
and then answered by reading in an appropriate way
the corresponding test sentences. Apart from the 6
test conditions created in this way (3 words with and
without accent) a 7th condition was added in which
the subjects spoke the test syllable in isolation. This
condition was used to obtain a kind of ‘ideal’
pronunciation of each test syllable. The 7 test
conditions for the English example might be as
follows (test syllables in italics, sentence accent
underlined):
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1. (What can your sister do for hours?)
My sister can talk for hours.

{How long can your sister talk?)

My sister can talk for hours.

{(Where do they sell beer?)

In our canteen they sell beer.
(What do they sell in our canteen?)
In our carmeen they sell beer.
{What did you buy for your mother?)
| bought candy for my mother..

(For whom did you buy candy?)

| bought candy for my mother.

7. can (spoken in isolation).

I

In the case of function words the sentence accent
was never placed directly on the function word itseff,
because a sentence accent was often (almost)
impossible for the function words that occurred in the
Dutch test material. Instead, an attempt was made to
create the same rhythmical pattern in the word
sequence containing a function word as in content
words with an unstressed test syllable (Compare "can
talk" and "carteen" in the examples given above).
The test material was collected in the following way:
First, all possible CVC syllables that exist as a function
word were selected from a list of all function words
gathered by Van Wijk and Kempen (1980).
Subsequently, the Dutch lexical database CELEX
(1985) was searched for content words in which any
of these CVC syllables occurs. For each CVC syllable
two different types of content words had to be found,
one with a stressed test syllable and another with an
unstressed test syllable. A total of 33 appropriate
triplets of words were gathered in this way.

For all these words test sentences and questions
were constructed. The prerecorded questions (read
aloud by a male talker) were presented to the talkers
with intervals of 5 sec. The order of the test
sentences (and the corresponding questions) was
random within each test condition; the blocks of
sentences for each test condition were also
randomized. The total number of vowels that were
analysed was 3465 (15 talkers x 7 test conditions x 33
test syllables). Not all 12 Dutch monophthongs
occurred in the test material and some occurred more
frequently than others. Recording of the test
sentences was done with a Sennheiser MKH 105T
microphone and the audio channel of a Panasonic
NV-F70HQ video recorder in an anechoic room.

3. MEASURING PROCEDURE

The test material was lowpass filtered at 4.5 kHz and
digitized at a sample rate of 10 kHz with a 12-bit
precision. The vowels that had to be analysed were
segmented from the speech waveform together with
a considerable part of the surrounding consonants.
These segments were analysed with a 25-ms
Hamming window that was shifted in steps of 2 ms.
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- Formants were extracted with a 10th-order LPC-

analysis using the Split-Levinson algorithm (see
Willems, 1986). After formant extraction a computer
program was run to display simultaneously the tracks
of the first, second and third formant frequencies and
the speech waveform. Selected parts of the speech
signal could also be made audible. The onset and
offset of the vowels was determined through a close
examination of the speech waveform and the formant
tracks. All boundaries were chosen with the greatest
possible consistency.

Subsequently the position of the steady-state vowel
part was determined with an automatic procedure. A
window of 1/4 of the vowel length was moved through
three formant tracks (F1, F2, F3) simultaneously. The
steady-state vowel part was defined as that vowel part
where the pooled within-variance of the tracks within
the window was minimal. In order to give less weight to
the variance in higher frequencies, a mel-scale was
used :

m=2595 - log (1 + f/ 700)

where fis the formant frequency in Hz and m the mel-
converted value (Makhoul and Cosell, 1976). For
more details about this algorithm see Van Bergem
(1988; 1990).

4. RESULTS
4.1 Formant frequencies

in figure ta the formant frequencies of the short
vowels (steady-state part) in each test condition
averaged over all 15 subjects and all the occurring test
syllables have been plotted. In figure 1b the same has
been done for the /ong vowels. Test syllables spoken
in isolation which may be regarded as ‘ideally’
pronounced vowels, are indicated by an asterisk. In
the other 6 test conditions a shift towards the centre
of the vowel triangle (the /o/ position) can be
observed. In order to test the spectral effects of
sentence accent, word stress, and word class, the
mel-scaled Euclidean distances in a two-dimensional
formant space were calculated between each vowel
and its 'ideal' counterpart. The average distances for
all test conditions are shown in figure 2. An analysis of
variance with repeated measures was done on these
distances with the factor 'subjects' as independent
variable (15 levels) and two trials factors: 'accent’ (2
levels) and 'syllable type' (3 levels, namely function
word, unstressed syllable and stressed syllable). Both
the factor 'accent' (F=102.6, p<0.001) and 'syllable
type' (F=198.7, p<0.001) were significant. A test for
pairwise contrasts between syllable types revealed
that all pairs of syllable types differed significantly from
each other except function words and unstressed
syllables of content words in the unaccented mode
(see figure 2).
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Figure 1a. F1 and F2 (in mel) of the short vowels for 7 test
conditions (see text) averaged over 15 subjects
and all consonantal contexts.
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Figure 2. Average Euclidean distances in mel between
vowels from each test condition and their ‘ideal’
counterpart. C-S: Vowels from stressed syllables
in content words. C-NS: Vowels from unstressed
syllables in content words. F: Vowels from
function words.

The interaction between 'accent’ and 'syllable type'
which was also significant (F=9.9, p<0.001) is shown
in figure 2: Sentence accent has a stronger effect on
content words than on function words, despite the
fact that the rhythmical accent structure for function
words was manipulated in a similar way as for content
words (see chapter 2). This means that a linguistic
effect (word class) rather than a prosodic effect is
responsible for the observed spectral reduction.
Notice also that the accent effect is large for
unstressed syllables, despite the fact that the actual
accent is not placed on the unstressed syllable, but
on the stressed syllable in the word. This further
supports the plausibility of a word class effect.
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Figure 1b. Ft and F2 (in mel) of the long vowels for 7 test
conditions (see text) averaged over 15 subjects
and all consonantal contexts.
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Figure 3. Average durations in ms of vowels in all test
conditions. C-S: Vowels from stressed syllables
in content words. C-NS: Vowels from unstressed
syllables in content words. F: Vowels from
function words.

4.2 Durations

A similar analysis of variance was done on vowel
durations. The average durations for long and short
vowels in all test conditions are shown in figure 3.
Again there were significant effects for ‘accent'
(F=81.0, p<0.001) and 'syllable type' (F=294.3,
p<0.001). A test for contrasts showed that all syllable
types differed significantly. The interaction between
the factors 'accent’' and 'syllable type' was also
significant (F=4.6, p<0.01): Figure 3 shows that the
effect of sentence accent is slightly more prominent
for unstressed syllables of content words.
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Figure 4. Average formant frequencies in mel of the vowel
/el in 2 (extreme) test conditions for all 6
occurring consonantal contexts.

5. DISCUSSION

The factor 'subject’ was also significant, both in the
analysis of variance for spectral distances (F=7.9,
p<0.001) and in the analysis of variance for durations
(F=4.8, p<0.001). The degree of vowel reduction
(both in spectral quality and in duration) was
dependent upon the talker, but the vowels from all
talkers were to some extend reduced due to the
experimental conditions. However, a detailed
discussion of subject effects goes beyond the scope
of this paper (but see Van Bergem, 1990)..

A second point of interest is the role of coarticulation
in the reduction process. Figures 1a and 1b suggest
that formant frequencies shitt into the direction of the
neutral schwa (/o/) under the influence of the
experimental conditions. Thus at first sight it seems
that people strive for a kind of ‘straight tube' mouth
position if they wish to minimize their articulatory
effort. It would be interesting for speech synthesis
applications if some arithmetic rule could be found
that accounts for this ‘centralization’ (Stalhammar et
al., 1973). Can such a rule be specified or is there an
interaction between spectral reduction and
coarticulation?

in order to investigate this, the shift in formant
frequencies due to reduction was examined in detail
for the vowel /e/. Figure 4 gives an F1-F2 plot of
average formant frequencies for the vowel /g/ in the 6
occurring consonantal frames. In this figure vowels
from the condition 'stressed syllables in accented
content words' (open squares) and the condition
‘unaccented function words' (closed circles) are
shown, which represent the extreme conditions in
this experiment. Although the overall shift in formant
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- frequencies for the vowel /e/ is into the direction of

the schwa (see figure 1a), the individual shift for each
syllable appears to be dependent on the consonantal
frame. Notice for instance that the F2-value of the /e/
from the syllable /wel/ is shifting towards a frequency
of about 1100 mel which gives an /o/-like sound (and
not a schwa-like sound) and that the F2-value of the
/e/ from the syllable /hep/ is shifting to a higher F2-
value which makes it an /I/-like sound. Notice also that
some consonantal frames produce large shifts in
formant frequencies (e.g. /per/) and some produce
only small shifts (e.g. /zet/).

Presently we are investigating whether the shape of
the entire formant tracks (in particular the direction and
the amount of movement in the tracks) can explain
this interaction between spectral reduction and
coarticulation.

6. -CONCLUSIONS

Under the present experimental conditions it was
found that:

1. The linguistic factors sentence accent, word
stress, and word class have a clear influence on
the duration and on the position of (steady-state)
formant frequencies of vowels.

2. The shift of formant frequencies is not necessarily
towards the centre of the vowel triangle. Spectral
reduction shows a clear interaction with
coarticulation.

7. REFERENCES

Bergem, D. R. van (1988), ‘The first step to a better understanding
of vowel reduction’, Proceedings of the Institute of Phonetic
Sciences Amsterdam 12, 61-75. .

Bergem, D. R. van (1990), 'The influence of linguistic factors on
vowel reduction’, Proceedings of Linguistics and Phonetics
'90, Prague (in press).

Bolinger, D. (1972), ‘Accent is predictable (If you're a mind-
reader)’, Language 48, 633-644.

Bolinger, D. (1975), Aspects of language, Harcourt Brace
Jovanovich, New York,

Bolinger, D. (1985), 'Two views of accent’, J. Linguistics 21, 79-
123.

CELEX-report (1985), Proposal for creating a national, multilingual,
lexical database, University of Nijmegen.

Laan, G.P.M,, Bergem, D.R. van & Koopmans-van Beinum, F.J.
(1991), ‘The importance of spectral quality of vowels for the
intelligibility of sentences’, Proc. Eurospeech ‘91, this
volume.

Makhoul, J. & Cosaell, L. (1976), 'LPCW: An LPC vocoder with linear
predictive spectral warping', Proc. ICASSP 1976, 466-469,

Stalhammar, U., Karlsson, |. & Fant, G. (1973), "‘Contextual effects
on vowel nuclei’, QPSR Stockholm 4, 1-18.

Wijk, C. van & Kempen, G. (1980), ‘Funktiewoorden - Een
inventarisatie voor het Nederlands', ITL, Review of Applied
Linguistics 47, 53-68.

Willems, L.F. (1986), '‘Robust Formant Analysis’, IPO annual
progress report 21, 34-40.

1458



