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ABSTRACT

This paper presents the results of a study concerning
the acoustic correlates of contrastive word stress in
bisyllabic and trisyllabic German words, produced
by four children aged 2;3 to 7;3 and their mothers.
We found that German children of that age are cer-
tainly able to produce contrastive word stress and
that vowel duration is the most reliable correlate of
word stress in the target words, independent of the
position of the vowel within the word. Furthermore,
we found the voice quality parametarcomplete-
ness of closurenost uniformly used by the mothers
to mark word stress while the children are on differ-
ent acquisition stages for this parameter.
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1. INTRODUCTION

Research in the area of prosody perception and
prosody production has received more and more at-
tention, for both adult and child language. Infants
not only have to be sensitive to their native lan-
guage’s sound organization, its phonotactic struc-
ture, and its word structure in order to segment
words in fluent speech [11], but they also rely on the
prosodic characteristics of their native language to
infer its syntactic properties [3]. By 9 months of age,
infants show a selective preference for stress pat-
terns of their native language [4]. Many speech per-
ception studies found that infants store specific in-
formation about voices and the words which they are
exposed to. By using the input from their surround-
ings, especially from their parents, children establish
expectations about the typical patterns of prosodic
variations of utterances and words in the ambient
language. They obtain sufficient exemplar variance
to develop language specific generalizations about
the distribution of values in the auditory dimensions
of the phonetic space [2]. The relationship of the
phonetic cues to the hierarchical prosodic and into-
national representation must be learned for each in-
dividual language [6].

In this study, we analyzed spontaneous target
word productions of four children and their mothers
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while they performed a special playing task. By the
use of artificially constructed names for animal toys
that are geared to the typical phoneme sequences in
the production of German infants we guarantee that
the input for the stress patterns of these target words
only comes from their mothers. We therefore ana-
lyzed only these target words for both, mothers and
children, and compared the obtained results with re-
spect to the use of word stress parameters. The pro-
ductions were recorded during several sessions over
the course of at least one year. Our hypothesis is
that children adopt the features that their parents use
to indicate word stress, and that they probably start
with the most saliently presented parameter they can
find. Parameters that need a closer analysis of the
speech sample will be noticed later and then also
used to indicate word stress.

2. METHOD
2.1. Participants

The data reported here are part of a larger investiga-
tion of children’s acquisition of stress. We present
the data produced by four children (Table 1) and
their respective mothers during a period of at least
one year. All children live in monolingual German
speaking families and had no prenatal, sensory, de-
velopmental, or hearing problems. The recordings
were made at their homes. As the boys are brothers
there are only recordings of three mothers.

Table 1: Participant information (children only).

child | age range| # sessions total length

girll | 2;3t03;2 5 225 min

girl 2 | 4,11 t0 6;8 5 65 min

boyl| 4;1t07;3 14 110 min

boy2| 2;5t05;1 13 105 min
2.2.  Stimuli

According to the TAKI task design proposed by
Allen [1], we created five pairs of animal toys, and
the names within each pair differ only in the posi-
tion of word stress. These names were the target
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words in our study and the participants should use
them to refer to the animal toys during the record-
ings. The target words (Table 2) are bisyllabic or tri-
syllabic words that consist of consonant-vowel (CV)
syllables and contain only speech sounds that are
acquired as the first ones by German children: the
vowels /a i o/ and the consonants /b d m n/. The CV
syllables are phonetically similar to the reduplicated
babbling and to a child’s first words.

Table 2: Animal toy pairs and their names with
contrastive stress used in the TAKI task.

Animal toy 1 Animal toy 2

brown bear |'bimo polar bear  |bi'mo
big zebra [nami small zebra [nami
otter 'doba badger do'ba
big tiger ‘midano] | smalltiger  [mida'no]
flying eagle ['badoni] | standing eaglébado ni]

In this contrastive stress condition, stressed and
unstressed vowels can be compared in identical seg-
mental contexts. Both stress positions in the tar-
get words are possible stress patterns in German, al-
though stress on the second or third syllable is much
less common than stress on the first syllable.

2.3. Acoustic measurements

All recorded utterances were annotated on the seg-
mental and word levels by two trained labellers.
The absolute duration, gFcontour, the first four
formants, and root mean square (RMS) intensity
of each stressed and unstressed target vowel were
measured. Voice quality parameters were estimated
from their acoustic correlates based on amplitude
and frequency measurements at harmonic spectral
peaks [10]. The following voice quality parame-
ters were extractedopen quotientglottal opening
skewnessrate of closure completeness of closure
and incompleteness of closureAll measurements
were made at five relative temporal positions within
each target vowel (at 10%, 30%, 50%, 70% and
90% of the total vowel duration) to capture parame-
ter changes over the duration of the speech sound.

2.4. Datapreparation
2.4.1.

A closer inspection of the recorded data showed that
most of the vowels in medial position in the trisyl-
labic words, which are always unstressed, were re-
duced tds]-like productions of the target vowel. We
therefore decided to restrict our analyses to the vow-
els appearing in the first and in the last syllable of
the target words. Thus, only full vowels produced

Restrictions

in stressed positions were compared to full vowels
produced in unstressed positions.

2.4.2.

In previous analyses we compared unstressed vow-
els with stressed vowels over all target words. But
stress is relative, it only emerges in polysyllabic
structures. In the present study, we additionally con-
sidered parameter differences between the stressed
and the unstressed (full) vowel of each word. The
results of these analyses are taken as parameters in-
dicating word-internal stress.

Relative stress parameters

2.4.3. Statistical analysis

The SPSS program version 12.0 was used for statis-
tical analysis. An univariate ANOVA analysis was
carried out for each parameter and each participant
separately, with the parameter as the dependent and
word stressas the independent variable, followed by

a posthoc test (Waller-Duncan).

3. RESULTS

Most of the analyzed parameters turned out to be
vowel-specific as well as speaker-dependent. We
therefore analyzed both raw and z-transformed pa-
rameter values. For each parameter, the z-trans-
formation eliminates vowel-specific effects by re-
placing raw values by their difference to the vowel-
specific mean and dividing this difference by the
vowel-specific standard deviation of this parameter.

In this paper we only report and discuss the re-
sults for the parameters vowel duration andom-
pleteness of closure

3.1. Vowel duration

Vowel duration has been shown to be the most re-
liable cue for word stress in German adults [5].
In our data, there were slight vowel-specific dura-
tion differences between the three analyzed vowel
qualities. However, all children and all mothers
produced stressed vowels significantly longer<
0.001) than unstressed vowels (Figure 1). This effect
is observed for all vowels pooled, for each vowel
phoneme separately, and also for the position of the
vowel phoneme in the word. We also found evi-
dence for the lengthening of word-final syllables, but
the strength of this final lengthening differs between
speakers.

Our results show strong evidence that vowel dura-
tion is a reliable correlate of word stress in German
adults and in children as young as 2;3 years of age.
We also found that the total duration of vowels de-
creases with increasing age of the children, but the
older the children are, the lower is the decrease of
the vowel length. This supports the hypothesis that
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Figurel: Z-transformed vowel duration values of Figure 2: IC parameter values for all target vow-
stressed and unstressed vowels for children (ED, els produced by child MS.
LL, MS, TS) and their mothers (AD, BL, KS).
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data, with higher values for unstressed vowels com-
children converge to adult-like usage of the vowel pared to stressed ones (Figure 2).
duration parameter. The youngest child has acquired the use of this
3.2, Incompleteness of closure parameter only for the vowel /i/. The two other chil-
dren produce adult-likdC values for one or two

Sluijter found_that stre_‘ssed vowels show higher val- vowels correctly, but they do not yet show this ten-
ues of the voice quality parameteompleteness of  dency in the z-transformel€ values.

closure (CC)corresponding to a greater F1 band-

width (B1), suggesting that they have a greater glot- 4. DISCUSSION

tal leakage than unstressed vowels [9]. In our data

we found thatCC was not correlated with word  The speech production data analyzed in this study
stress and it seemed to be vowel dependent. There- provide clear evidence that children at the age of 2;3
fore, we used a normalized version of this parame- are able to produce contrastive word stress. Vowel

ter,incompleteness of closure (18], in which the duration seems to be the first and most robust cor-
influence of the first formant on th€C values is relate of word stress in German. All subjects in our
minimized (Equation 1). study used vowel duration to differenciate between
stressed and unstressed vowels. In the absence of
(1) IC=CC/F1=B1/F1 strong reduction effects as a function of stress in full
vowels, vowel duration is one of the most salient
Our results indicate that the paramet& is a cues for syllabic stress in German and may thus be

good indicator for word stress in German, at least implemented and used consistently even by young
for adults. All mothers demonstrate higher z- children. The analysis of the difference between the
transformedIC values for unstressed vowels com- first and the last vowel in a word revealed the same
pared to stressed ones, indicating that unstressed results. Here we found that stressed vowels in the
vowels are produced with a greater glottal leakage last position in a word are additionally lengthened
than stressed vowels. However, their raw data for which corresponds to the well-attested word final
this parameter show slight individual differences. lengthening effect.
While AD always produces highé€ values for un- We also found strong evidence that vowel dura-
stressed vowels compared to stressed ones, BL dis- tion is not the only acoustic correlate to mark word
plays almost no difference for /i/ vowels, and KS stress in German, as already proposed by other re-
displays almost no difference for /i/ and /a/ vow- searchers. The parametacompleteness of closyre
els. Furthermore, BL produces highé€r values for a F1-normalized version of the well-establisHe@
stressed /o/ vowels compared to unstressed ones.  parameter, turned out to be a good cue for word
The children seem to be on different stages of ac- stress in German adults. All three mothers demon-
quiring this stress parameter. The oldest child MS strate higher z-transformd@ values for unstressed
already used$C to mark stress, additionally to the  vowels compared to stressed ones, while the chil-
parameter vowel duration. His data show adult-like dren were at different acquisition stages for this
behavior for the z-transformed well as for the re@v stress-related parameter, depending on their Ege.
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expresses the degree of glottal leakage. The higher As our data show, there are stress marking dif-
the IC value, the greater the glottal leakage, and ferences between adult speakers. However, our re-
according to our results, unstressed vowels show a sults also indicate that when z-transformed values
greater glottal leakage than stressed ones. This cor- are used for duration an€, a consistent separation
responds to the original hypothesis of Sluijter [9], between stressed and unstressed vowels is found.
even though her results did not confirm it. We as- The parameters that mark stress may change during
sume that the effect we found may be caused by the language acquisition, especially when the children
increased subglottal pressure with which stressed are exposed to more speakers.

vowels are produced. Due to higher subglottal pres-  These results support our hypothesis that children
sure the air flows faster through the vocal folds, adoptthe parameters that their parents use, applying
which results in a greater Bernoulli force. This is the most saliently presented parameter first.
responsible for the glottis being more completely
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