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Abstract

Pitch, intonation, and speech rate were analyzed in a
collection of everyday speech heard by one Dutch
infant between the ages of six and nine months.
Components of each of these variables were
measured in the speech of three adult speakers
(mother, father, baby-sitter) when they addressed the
infant, and when they addressed another adult. The
results are in line with previoudly reported findings
which are usually based on laboratory or prearranged
settings:  infant-directed speech in a natural setting
exhibits more pitch variation, a larger number of
simple intonation contours, and slower speech rate
than does adult-directed speech.

1. Introduction

The importance of language input cannot be doubted,
since language development is clearly shaped by
linguistic experience. This is very nicely shown in
experimental work with infants that demonstrates
that the infants lose the ability to discriminate non-
native consonant contrasts in the second haf of the
first year of life (e.g., Werker & Polka, 1993;
Werker, 1994). The influence of language input on
language acquisition is also evident in experiments
with prelingual infants between six and nine months
(e.g., Jusczyk et al., 1993), which show that these
infants exhibit a preference for the specific
characteristics of their native language, such as the
phonemic repertoire, prosodic regularities, and
phonotactic ~ constraints. In  short:  linguistic
experience shapes speech perception. Children get
attuned to the specific characteristics of their native
language. This development takes place between the
ages of six and nine months.

Soon after nine months children understand their
first words (Benedict, 1979). In order to store words
in the lexicon children have to segment words from
the speech signal. However, the nature of spoken
language poses a segmentation problem, because
words do not usually occur in isolation but rather in
context, and word boundaries are not reliably
marked. This is true in adult-to-adult conversation,
but also in adult-to-child conversation (Adlin, 1993).
Thus children have to parse the input and decide
which of the sound patterns are words, and which are
not.
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The fact that vocabulary building begins after the
change in speech perception suggests that there is a
link between this development and early word
discovery, and that the period between six and nine
monthsis crucial for early word segmentation.

Since this period is apparently very important for
language acquisition it was decided to obtain a
complete picture of the input that a child received
between six and nine months. Therefore, almost all
the input that an infant received was recorded. This
was done in a Dutch family with two children (the
infant and a sister two years older). Both parents had
full time academic jobs, therefore the children were
often taken care of by a baby-sitter or went to a day
care centre. The language spoken was mainly Dutch.
However, the mother, who was of German origin,
often also spoke German to the children.

A DAT-recorder was carried around with the
infant while she was awake, and care was taken that
the cassettes were changed as necessary. The
resulting collection of tape materials reflects about
90% of the time that the child was awake, a total of
about 720 hours. Given the enormous amount of
material, only speech from the first, middle, and last
week of the period - 18 days in total - was included
in the analysis. The language that was spoken during
these days was extracted from  the origina
recordings, stored on datatape, and analyzed with
respect to anumber of features.

In this paper | will focus on the suprasegmental
structure of the language that the adultsin this corpus
addressed to the infant and will compare it with that
of the language that the adults addressed to each
other. The term suprasegmental structure refers to
variations in pitch, timing, and amplitude of
utterances. These variations can be determined by
linguistic factors (such as: focal emphasis, syntactic
structure, etc.) or by nonlinguistic factors (such as:
different speech styles, different speakers, different
emotions, etc.). In this paper, | focus on differences
in suprasegmental structure that are the result of
addressing either the infant or an adult.

The suprasegmental structure was analyzed
because it has been previously shown that a distinct
suprasegmental structure is one of the most salient
characteristics of infant-directed speech (Fernald,



1989). Moreover, it has been shown that infants
prefer to listen to speech in this speech style rather
than to normal speech (Fernald & Kuhl, 1987). The
variables that were measured are pitch (average
pitch, pitch variation, pitch range), intonation, and
speech rate.

2. Method

For this study utterances were selected from the three
main adult speakers in the corpus. the mother, the
father, and the baby-sitter. The choice of material
was restricted because of the presence of frequent
background noise, or overlap with other speakers. In
generd it was easier to select utterances to the infant
than utterances to an adult. In the selection | aimed to
choose utterances that were spread over the days, that
had various lengths, and various conversationa
functions (e.g., questions, declaratives, discourse
markers, etc.). An utterance was defined as a string
that was a complete sentence, or a phrase that was
delimited by a pause or an intonational bending
indicating that this phrase was an utterance on its
own.

All the material was digitized with a sample
frequency of 16 kHz., and was processed with a
speech editor. The beginning and end of each
utterance was marked with the speech editor on the
basis of visua inspection of the wave form in
combination with auditory judgement. Pauses within
utterances were also marked, and the duration of the
pauses was subtracted from the total utterance
duration. Furthermore, intonation contours were
created for each utterance with the pitch extraction
programme of the speech editor. Contours were
excluded from the analysis when large parts were
missing, or when incidental outliers fell outside the
range of the rest of the contour, and could not be
removed or corrected. Finaly, the content of the
utterances was transcribed orthographically.

For every utterance the following variables were
determined:

average pitch (Hz)

standard deviation pitch (Hz)
pitch range (Hz)

pitch range (semitones)

type of intonation contour

— utterance length (syllables)
— utterance duration (seconds)
— gpeech rate (syllables/sec.)

The intonation contours were classified according to
their shape and their expansion of the frequency
range (see: Fernald & Simon, 1984). The following
types are distinguished: bell-shaped, U-shaped,
rising, falling, flat, complex (multi-directional).
These six contours have a simple shape or a wide
frequency range (larger than six semitones per
second) and are called expanded contours. If the
contour did not meet these criteria, it was classified
as other.

3. Resultsand Discussion
Table 1 presents the number of utterances that were
selected from each speaker:

Table 1: Numbers of selected utterances.

to infant to adult
mother 734 874
father 574 1113
baby-sitter 575 506
total 1883 2493

The numbers vary because the amount of material
available from each speaker varied, and because not
al the material from each speaker could be used
equaly well (eg., a relatively large number of
utterances produced by the father could not be used
for the pitch analysis). For the measurement of pitch
and intonation 1304 utterances (29.8%) were not
used because the intonation contours were not
reliable. The reason why arelatively large number of
utterances had to be discarded was that these
recordings were not made under ideal conditions.
The microphone was always close to the infant but
the speakers moved freely through the room. This
often resulted in a low signal-to-noise ratio,
especially in the adult-directed speech. The infant-
directed speech which was usually produced close to
the microphone was less affected. The results of the
pitch measurements are presented in table 2.

Table 2: Pitch measurements for infant-directed speech (first values) and adult-directed speech.

mother father baby-sitter
average (Hz) 279 — 233 157 — 130 303 — 225
minimum (Hz) 228 — 196 126 — 111 234 —180
maximum (Hz) 349 — 291 190 — 157 386 — 276
range (semitones) 7.22—6.64 7.14—5.80 889 —7.27
stand.dev. (Hz) 36— 25 19—13 47— 28

291



Table 3: Percentages of occurrence of contour types in infant-directed speech
(first values) and adult-directed speech.

mother father baby-sitter
rising 19.0—10.0 245—20.9 243—11.1
falling 10.6 — 189 10.3—20.7 135—125
bell-shaped 116—31 131—0.2 87—538
U-shaped 08—22 04—07 35—15
level 32—00 35—00 104—0.0
complex 294 —224 27.7—231 122—19.8
other 254 —434 20.6 —34.3 27.4—49.3

It can be seen from the table that across the speakers,
the infant-directed speech has higher average pitch,
higher minimum and maximum pitch values, wider
range and higher standard deviation. These findings
are in line with previously reported findings in other
languages, such as English, Japanese, German,
French, Chinese (e.g., Fernald et al., 1989; Grieser &
Kuhl, 1988).

Table 3 shows the distribution of the contour
types in the utterances that were also used for the
pitch measurements. The percentages of expanded
contours (the sum of the first six types) are higher in
infant-directed speech than in adult-directed speech.
The differences are not as clear as in Fernad &
Simon's (1984) study. They found a very low
percentage of expanded contours in adult-directed
speech and therefore concluded that these expanded
contours are typical of infant-directed speech. The
reason why in this study | found a relatively large
number of expanded contours in adult-directed
speech is that the choice of material was restricted to
relatively short utterances. For that reason, many of
the adult-directed utterances did meet the six-
semitones-per-second criterion, and could not be
classified as other.

Most of the selected utterances could be used for

the temporal measurements. A total of 204 utterances
(4.7%) were discarded because the exact number of
gyllables could not be determined. The average
duration (total duration minus pause duration) of the
infant-directed utterances was 1.01 sec.,, and the
average duration of the adult-directed utterances was
0.89 sec. The average length of the infant-directed
utterances was 3.32 syllables, and the average length
of the adult-directed utterances was 5.64 syllables.
Previous studies have also reported relatively short
utterances in infant-directed speech (e.g., Phillips,
1973).

However, the difference in duration seems to be
relatively small compared to the difference in length,
which suggests that the adult-directed speech was
produced with a higher speech rate. The
measurements of speech rate are shown in table 4.
The values are broken down by utterance length
since shorter utterances tend to have a slower speech
rate. As can be seen from the table the utterances to
the infant are produced at a slower rate than the
utterances to the adults. The values are similar to
those reported by Fernald & Simon (1984), who
found an average speech rate of 4.2 syllables per
second in infant-directed speech, and 5.8 syllables
per second in adult-directed speech.

Table 4: Speech rate broken down by utterance length (syllables) of
infant-directed speech (first values) and adult-directed speech.

mother father baby-sitter
1 244 —3.33 2.88—4.25 2.07—3.00
2 3.40— 4.58 3.83—5.83 2.66 — 3.95
3 3.88—5.47 419 —5.46 2.88—3.89
4 4.45 —5.66 5.00—5.82 3.56 — 4.22
5 4.84—6.15 5.44—6.30 3.78— 4.76
6 5.06 — 6.56 5.07 — 6.69 4.33—5.15
7 or more 5.76 — 6.48 6.56 — 6.98 471 —6.02
average 381—527 410—5.72 316 —4.64
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4. Conclusions

The results of this study show that the
suprasegmental  structure of the infant-directed
speech is quite different from that of the adult-
directed speech. This result has been reported before,
but was aways based on data obtained in
prearranged settings, often in laboratories. The
material for this study was part of a larger collection
of every day speech in the child's own situation. We
measured pitch, intonation, and speech rate in the
speech of the speakers from which this infant
received most of her input. The differences in
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