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ABSTRACT 

An investigation into the intrinsic acoustic characteristics 
of infants’ vowels was undertaken. The fundamental 
frequency and duration of the first vowel of CVCV 
utterances was measured for American, French, and Welsh 
infants. The American and French infants’ F0 was 
dependent upon vowel height: the higher the vowel height 
the higher the F0. The Welsh infants F0 did not exhibit the 
same pattern. Welsh low vowels were higher in F0 than 
both the mid and high vowels. All three language groups 
did produce longer tense than lax vowels although the 
extent of the difference was greater for the American (31ms) 
than for the French (10ms) or the Welsh (6ms).  

1. INTRODUCTION 

The duration and fundamental frequency (F0) of phonetic 
segments are used to convey multiple levels of information. 
Vowel duration and F0 provide cues to vowel type, 
surrounding consonants (place, voicing, and manner), 
phrase position, stress, and the intent or emotional state of 
the speaker. This study is an investigation of the inherent or 
intrinsic properties of vowels in infant speech. Intrinsic 
properties of a vowel may be thought of as attributes such 
as duration and fundamental frequency that are determined 
by phonetic quality [1]. Extrinsic influences on vowel 
acoustics include effects of position and surrounding 
phonemes.   

Intrinsic factors.  After all extrinsic factors have been 
controlled for, the fundamental frequency of a vowel is 
directly related to vowel height-at least in English [2, 3, 4]. 
High vowels have higher F0 than low vowels. This effect 
has been studied extensively in English but less so in other 
languages.  

There is evidence that high vowels are shorter than low 
vowels [2]. In addition, most languages have a distinction 
between tense and lax vowels [1]. The tense vowel is 
produced with greater muscle tension. This tends to create 
formants that deviate more substantially from neutral 
vowel formants than do their lax counterparts [5]. Evidence 
suggests that this results in tense vowels that are longer 
than lax vowels [1].  

Extrinsic factors.  In adult speech the duration of a vowel is 
affected by the postvocalic consonant.  A voiced 
postvocalic consonant exhibits a lengthening effect on the 
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ing vowel [2, 3] although Umeda [6] found that the 
 of the postvocalic consonant was not present in 
g speech (monosyllables and final stressed vowel in 
llables that were not phrase final).  The lengthening 

 vowel due to a voiced postvocalic consonant has also 
ound to be more extreme for voiced fricatives [2, 3].  

 final position has also been shown to lengthen the 
on of a prepausal vowel [7]. Finally, lexical stress can 
o lengthening of the stressed vowel as well as to a 
difference [8]. 

sic factors in language acquisition. A recent study by 
 and Stoel-Gammon [9] found that extrinsic factors 
buted to vowel duration for both American and 
ish children between the ages of 24 and 30 months. 
egree of extrinsic vowel conditioning was dependent 
 ambient language pattern and could be predicted 

 upon the importance of intrinsic vowel duration in 
put language.   

studies have investigated the intrinsic acoustic 
rties of the very young infant. This is partly due to 
dological constraints: an infant’s intrinsic and 
sic vowel factors are hard to separate. In studies 
ing infants it is not possible to control or determine 
onfidence the target, if any, of the infant utterance. In 
on, extrinsic factors such as lexical stress are difficult 
ess.  

study minimizes these methodological concerns by 
ning intrinsic vowel characteristics of the first vowel 
rge database of isolated disyllabic utterances. Since 
terances are of the form CVCV(C) (with very few 
 final syllables), the effect of the medial consonant on 
st vowel should be minimal. In addition, phrase final 
ening is not a factor. Finally, lexical stress is 
ized by concentrating on the first of two 
pmental points. This point occurs before the ambient 

age begins to dramatically impact the stress patterns 
he infants are producing [10], although American 
s are producing adult like stress patterns at this age 

2. METHODS 

infants learning American English and five each 
ng French and Welsh were participants in this study. 
ren acquiring each of the languages were recorded on 
 and video tape in their homes, in free play with their 
rs. The children acquiring English were recorded in 



California, the French children were recorded in Paris, 
France, and the Welsh children were recorded in the area 
around Bangor, Wales. See [13] for further detail on data 
collection and transcription. 

Vocalizations for the French and English infants were 
sampled at two developmental points defined on the basis 
of the number of spontaneous identifiable words used by 
the child in a 30 minute recording: the 4 and 25 word points 
(equivalent to an 8-10 or 50-70 word cumulative lexicon). 
At the 4 word point (4wp) ambient language prosodic 
influences are just beginning to appear in the infants 
productions and are clearly established by the 25 word 
point (25wp). 

Measurement of vowel duration and fundamental 
frequency were made from 907 disyllabic utterances at the 
4wp. 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.  

 English French Welsh total 

4 word  190 127 210 527 

25 word 204 176 - 380 

total 394 303 210 907 

Table I. Number of vowels analyzed for each language and 
developmental point. 

3. RESULTS 

Fundamental frequency. Figure 1 is a plot of a subset of the 
data to highlight the influence of vowel height on 
fundamental frequency for the three languages at the 4wp. 
Figure 1 also includes a plot of the childrens’ data from 
Peterson and Barney (although note that a constant of 100 
Hz has been added to their data points to make the two plots 
easier to compare)  
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 1. The fundamental frequency of vowels plotted by 
 height at the 4wp. American, French, and Welsh data 
een combined (n=156). The data are compared to the 

or children (ages not given) [4]. 

ata exhibit the same trend towards higher F0 with 
r vowel height, although the infants appear to increase 
re dramatically than older children with increasing 

e height. To investigate this effect more closely the 
ere recomputed in semitone differences (relative to 
wel with the lowest F0). The data in Figure 2 show a 
 correspondence between the current study and 
us results.  
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 2 F0 in semitones plotted relative to vowel height 
ants (present study) and children and adult males [4]. 

means and standard errors of the fundamental 
ncy for low, mid, and high vowels are plotted in 
 3. Both English and French infants exhibit the 
ted pattern of higher F0 for higher tongue height. The 
 infants’ mid  and high vowels exhibit the expected 
n but the low vowels are actually higher than both the 
nd high vowels. A 3X3 ANOVA with language 

rican, French, and Welsh) and vowel height (low, mid, 
gh) revealed main effects of language (F[2,492]=9.27, 
) and vowel height (F[2,492]=7.83, p<.01) as well as 
teraction between language and vowel height 
92]=5.03, p<.01). Bonferroni post hoc tests revealed 
ificant difference between low and high vowels, and 
nd high vowels (p<.01), as well as differences 
en Welsh and both French and English (p<.01). 
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Figure 3. Mean F0 and ±1 standard error plotted for vowel 
height and language. 

Duration. Since the distribution of the Welsh duration data 
was severely skewed (γ=2.589) the descriptive statistics are 
presented in figure 4 as medians.  The positive skew was 
due to ten Welsh vowels greater than 420 ms. The 
American and Welsh infants produced overall vowel 
durations that were comparable (143 ms versus 159 ms). 
The French infants’ vowel duration was considerably 
shorter (105ms). 

  

WelshFrenchEnglish

m
ed

ia
n 

du
ra

tio
n

180

160

140

120

100

80

TL1

tense

lax

 

Figure 4. Median duration for tense and lax vowels for each 
of the three languages. 

A Mann-Whitney U-test indicated a trend towards a 
significant difference between tense and lax vowels 
(U=11,291.5, p=.065 with the sum of the ranks equal to 
20,676.5 for tense and 38,319.5 for lax vowels). A 
Kuskal-Wallis test revealed a highly significant difference 
between languages (χ2=30.091, p<.001, 2, N=343). 
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. CONCLUSIONS 

ata from the first syllable of isolated two syllable 
nces was examined in an attempt to explore the 
ic vowel properties of infant vocalizations. The 
 guiding assumption was that the first vowel in these 
nces would not be overly influenced by extrinsic 
 factors.  

ggregate data presented in figure 2 suggest that the 
ic relation between tongue position and F0 is similar 
t reported for American adults. The American and 
h vocalizations clearly show this pattern although the 
ican infants exhibit a larger difference between low, 
and high vowels than the French. The Welsh data 
ted in figure 3 do not support the F0-tongue height 
nship since low vowel F0 is actually higher than both 

id and high vowels.   

ilar pattern emerges for the tense/lax contrast. Infants 
all three languages produce tense vowels that are 
r than lax vowels, the expected pattern as compared to 
ican adults. Similar to the results for F0, the American 
s produce the largest median difference (31 Hz), the 
h  produce the next largest (10 Hz), while the Welsh 
s produce the smallest difference (6 Hz).   

ssertion that the infants demonstrate intrinsic factors 
r to American adults is strongest for the American 
s, moderate for the French infants, and weakest for 
elsh infants. There are a number of factors that could 
n this. It is possible that the intrinsic factors studied 
re strongest in adult American English and weakest in 
ult Welsh. This is hard to assess since there are few 
tic studies of the Welsh language. It is also possible 
he initial assumption that extrinsic factors were 
al in these utterances was erroneous. To test this 

explanation a developmental analysis of longitudinal 
h and English   is presented in figure 5 below.  
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 5. American and French data comparing vowel 
t and F0 for two developmental points.  



    
It is clear from this figure that the effect of vowel height on 
F0 has been obscured (if it exists) by other factors by the 
25wp, most likely extrinsic factors. In fact, previous studies  
demonstrated that these same children at the 4wp exhibit 
minimal ambient language effects in their production of 
stress or accent [10]. By the 25wp the infants were 
producing stress patterns which are consistent with the 
ambient language[12].  

Figure 6 presents the developmental pattern for the duration 
of tense versus lax vowels. It is clear from this figure that 
the duration of the tense vowels is greater than that of the 
lax vowels at both developmental points. It is possible that 
the tense/lax contrast is more robust and not obscured by 
ambient language effects. 
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Figure 6 American and French vowel median durations for 
tense and lax vowels at two developmental points. 

There is some evidence of ambient language effects at the 
earlier developmental point. The shorter overall duration of 
the French infants’ vowels may be due to the phrase final 
accent in the adult language exerting a shortening effect on 
the first syllable. The duration ratio is 1:1.48 for French at 
the 4wp. Although the American infants are also producing 
longer second syllables (duration ratio of 1:1.41), the 
American adult model is predominantly trochaic while the 
French model is iambic. An earlier study also found that 
French infants produce contrasting final and initial vowel 
durations in VCV utterances in a manner similar to adults 
[13]. Without additional knowledge of Welsh adult vowel 
acoustics, it is difficult to determine how the adult Welsh 
model affects the Welsh infants.  

In summary, the data suggest that intrinsic factors are 
present for the American infants, less so for the French, and 
minimally so for the Welsh. The most likely explanation for 
the lack of intrinsic vowel factors for the Welsh is ambient 
language factors obscuring the relation between vowel 
height and F0, and between duration and the tense/lax 
contrast. 
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