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ABSTRACT
An investigation of word accent in infant vocalizations was
undertaken on the basis of data from ten American-, five each
of French- and Finnish-, and four Welsh-learning infants at the
onset of word use (10-13 months). The 483 utterances (words
and babble) were quantified acoustically by indices of
duration, amplitude and fundamental frequency (F0). Acoustic
measurements suggest voluntary control of F0 which is
moderately correlated with amplitude. Infants learning
languages that include iambic models (English and French)
exaggerate final syllable lengthening (FSL) while those with a
more consistent model of duration (Welsh and Finnish) show
less variability. Perceptual judgements show no preference for
any model of prominence, suggesting that infants approach the
production of prosodic patterns in highly individual ways.
Finally, it appears that the complexity of the prosodic system
the infant is learning may be a stronger determinant of the
patterns the infants produce than physiological constraints.

1. INTRODUCTION
Acquiring the accent system of the ambient language is a
difficult task for the pre-linguistic infant, requiring perceptual
sensitivity to elements of stress as well as the capacity to make
voluntary fine motor adjustments affecting fundamental
frequency, timing, and amplitude. This study examines three
acoustic elements of stress/accent at the onset of word use for
cross-linguistic similarities that could reveal a universal
tendency rooted in physiological constraints.

The four languages in this study highlight a range of
challenges in acquiring a stress/accent system. French has
phrase-final accent; disyllables are iambic when accented but
are evenly stressed in non-final position. English stress may be
either iambic or trochaic.  Finnish has only trochaic stress
patterns in two syllable words but also makes use of
contrastive segment length, leading to long and short
unstressed syllables. Welsh syllable prominence, although
more trochaic than iambic in two syllable words (penultimate
prominence), frequently exhibits lengthening of the post stress
consonant and a pitch rise on the final syllable.

The four word point (four words in a session,
corresponding to approximately a ten-word vocabulary) was
chosen since any similarities across groups should reflect
universally tendencies, while differences across groups should
suggest a shift towards a response to the features of the
ambient language. A model has been proposed that suggests
that those elements of the ambient stress/accent system that

coincide with biological predispositions should be acquired
early [1]. For example, the natural tendency to produce falling
pitch and amplitude over the length of an utterance [2, 3]
should facilitate the production of trochees in English and
Finnish. Alternatively the natural tendency to lengthen the
second syllable due to FSL [4] should facilitate the production
of iambic utterances in French, but due to the dual model
system may be more complicated in English. The range of
languages presented in this study should allow us to examine
the interaction of the physiological tendencies with the
complexity of the prosodic system the infant is learning.

2. METHOD
Ten infants learning American English, five infants learning
each of two languages: French and Finnish, and four infants
learning Welsh were participants in this study. Children
acquiring each of the languages were recorded on audio and
video in their homes, in free play with their mothers. The
children acquiring English were recorded in California, the
French children were recorded in Paris, France, the Finnish
children in Oulu, Finland, the Welsh children in the area
around Bangor, Wales.

Measurements of vowel duration (syllable two divided by
syllable one), amplitude (decibel difference between syllable
two and syllable one), and fundamental frequency (semi-tone
difference between syllable two and syllable one) were made
from 483 disyllabic utterances at the four word point. Table I
shows the number of utterances in each language group.
Disyllables were included if they minimally contained two
open (vocalic) phases separated by a closed (consonantal)
phase. Utterances judged as belonging to the intonation group
of bounded words were excluded, as were any utterances that
showed excessive shifts of register, excessive vocal effort,
creaky voice, or whisper. Stress/Accent judgements were made
of each utterance by native speakers of each language (the
Finnish utterances were the one exception, they were judged
by native speakers of American English) and classified as
iambic, trochaic or even prominence based upon agreement by
two out of three listeners.

Table I. The number of utterances from each language group.
English French Finnish Welsh

# utterances 190 127 58 108
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3. RESULTS
Figures 1-3 compare the measures of duration, amplitude, and
F0 across the four languages. There are two noticeable
differences between the languages. First is the divergence of
the duration ratios towards smaller values for Welsh and
Finnish than either American  or French. The variability is
also considerably smaller for the Welsh and Finnish. Second,
there is a trend towards higher F0 and amplitude on the
second syllable overall for the Welsh. One similarity across all
languages is the large amount of variability for amplitude and
F0.

Figure 1. Duration ratio (syllable two divided by syllable one).
A value larger than one indicates a longer second syllable.

Figure 2. Mean decibel difference averaged across each
individual utterance. A positive value indicates higher mean
amplitude on the second syllable

Figure 3. Semitone difference between syllables. A positive
difference indicates a higher F0 on the second syllable.

Perceptual judgements are presented in Figure 4 and
reveal a striking degree of similarity across languages. (The
Finnish judgements should be viewed as tentative since they
have been judged by American listeners). The average of the
perceptual judgments for all languages exhibits a
preponderance of iambic utterances followed by trochaic
judgements (except for the Welsh infants who produce more
even judged utterances than trochaic) and a small number of
even prominence utterances. The similarity of judgements
across languages obscures the individual differences within
each language. Table II shows a considerable amount of
variation in the perceived prosodic patterns produced  by each
infant although there does seem to be a trend across languages
for the infant vocalizations to be perceived as iambic rather
than trochaic.

Figure 4. Percentage of utterances judged iambic, trochaic or
evenly stressed.
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Table II. The number of infants producing a majority (by at
least one utterances) of judged prominence type in each
language.

Trochaic Iambic Even
English 3 6 1
French 1 3 1
Finnish 1 2 2
Welsh 1 3 0

DISCUSSION
The data reveal that amplitude and F0 vary widely in each
language. Although there are differences between Welsh and
the other languages, no language group produces amplitude
and F0 in a uniform manner as measured by the large
variability associated with these measures. Overall there is a
moderate correlation (r = 0.483, α < 0.01) between amplitude
and F0, suggesting that the infants are not yet able to control
the two independently. The natural tendency for pitch and
amplitude to fall across the length of an utterance appears to
be easily counteracted by what could be voluntary control and
exploration of F0. Infants’ control of  pitch at an early age [5]
and the infants’ later developmental preference for prosodic
templates [6] support this notion.

The control of timing by the infants in this study shows
divergence between language groups. The data suggest that if
the language the infant is learning exhibits FSL like French
and English, the infants exaggerate this feature and produce
overly long second syllables. Although FSL may be a universal
tendency the data also suggest that languages with prosodic
systems which include consistent cues to unstressed final
syllables (Finnish and Welsh) lead to far fewer extra long
second syllables. Since the Finnish and Welsh infants had
considerably smaller variability than the French and English
infants, it seems that these infants have settled on a stable
model of production incorporating a shorter second syllable. A
previous study comparing Japanese and French infants at a
later developmental point [7]   suggested that in languages like
Japanese (and possibly Welsh and Finnish) FSL is inhibited
while it is exaggerated in those languages where it appears
(e.g., French and English).

The data indicate that the infants are just beginning to
exhibit language specific tendencies. For example, the Welsh
infants produce a pitch rise on the second syllable, and the
Finnish infants reduce the duration difference between
syllables. Nevertheless, all infants are  producing dual
stress/accent patterns consistent with a requisite ability to
succeed in any language community.  It seems that the shared
tendencies of FSL and correlated pitch and amplitude combine
with a predisposition for pitch and amplitude to decrease over
the course of an utterance. This is counteracted by voluntary
control and exploration of pitch placement, leading infants in
all languages to produce utterances judged both iambic and
trochaic.

This point is most dramatic in the comparison of
languages across opposite ends of the iamb/trochee spectrum.
Finnish is wholly trochaic, French wholly iambic, and English
includes both patterns. There was no strong evidence, in any
of the language groups, for production of a single stress/accent
pattern at this early lexical stage. That is, infants in each
language group were found to produce a mix of patterns.

Furthermore, the evidence overwhelmingly points to a lack of
any systematic bias toward either trochees or iambs, although
if the data suggest any bias it would be an iambic one. Instead,
biological constraints and the complexity of the stress/accent
system the infant is learning interact to guide the infant
gradually toward production of that system

One final point is that in the early stages of word use
each element of the acoustic correlates of prosody examined in
this study show evidence of control by at least one infant
language group. For example, the Finnish and Welsh infants
appear to control the duration of the final syllable in relation
to the first. The Finnish infants are using very high amplitude
on the first syllable, suggesting emerging control of amplitude
placement. Finally the Welsh infants overwhelmingly use
higher F0 on the second syllable in response to the pitch rise
in the adult language. Thus, it appears that the complexity of
the prosodic system may be a stronger determinant of prosodic
patterns than physiological constraints.
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