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Numerous studies investigating the acoustic phonetic

developmental characteristics of children's speech have
ABSTRACT focussed on the acoustic changes that occur with increasing age
2, 8,9, 10, 11]. The acoustic changes that have been reported

The process of the development of fine motor speech skills cr\e included changes in the pattems of fundamental frequency
occurs with the maturation of the vocal apparatus. This brief;,q formant frequencies [2, 8, 9, 10, 11].

study presents some acoustic phonetic characteristics of the

speech of twenty pre-adolescent (6-, 8- and 10-year-olds) boyg,is sydy investigates some acoustic phonetic characteristics of
and girls. The speech data_ were eI|(:|Fed via a picture-naminge speech of twenty pre-adolescent (6-, 8- and 10-year-olds)
task. Both age and sex differences in the acoustic phonelif, s and girls. The speech data were elicited via a picture-
characteristics of selected vowels and consonants are examlnﬁgming task. This investigation examines both age and sex
The acoustic phonetic characteristics that were investigateglerences in the acoustic and phonetic characteristics of
included formant frequency values and coarticulation (0{owels and consonants. These characteristics include formant
gestural overlap) patterns. Age, sex and age-by-sex differences, ency values, coarticulation (or gestural overlap) patterns,
fo_r the acoustic phone_tlc characteristics are presented andgimilation patterns. Significant age, sex and age-by-sex
discussed for the data with reference to speech development &fifferences are reported for the acoustic phonetic characteristics
the sexual dimorphism of the vocal apparatus. and realisations of both vowels and consonants. The results are

discussed with reference to the developmental patterns of

1. INTRODUCTION speech and the sexual dimorphism of the vocal apparatus [2].

During the process of developing fine speech motor skills, the 2. METHOD
child is faced with the task of mastering both the timing and co-
ordination of articulators in a multi-layered system, to produc%
gestures that are smooth and overlapping. These gestures (;L

need to be distinct so that they can be are perceptually recovered . )
from the speech signal. The process of developing these fifd!"€® boys and three girls from two age bands: 6 years (mean

motor speech skills co-occurs with the maturation of the vocdl9€ 6:03 yrs.) and 8 years (mean age 8.18 yrs.), and four boys
apparatus. The acoustic characteristics of adults' speech dispff four girls aged 10 years (mean age 9.97 yrs.), served as
robust sex differences [1]. Therefore, it is expected that duringHPI€Cts in the study. The 20 children were all from the same
the processes of fine motor speech development, the spedff@ Primary school in the north east of England (Tyneside).
characteristics of children will also display acoustic patternd! children had lived in the local area all their life and spoke

graduating towards the sex differences that are observed in adifglish as their first language. None of the 20 children had any
speech [2]. speech, language or hearing difficulties.

Subjects

Studies that have investigated the acoustic phoneti2.2. Data collection

characteristics of children's speech have included investigations

into the coarticulation patterns of children's speech [3, 4, 5, &he recordings were made in a quite room using a portable
7]. These studies have also compared the coarticulation patteBVA HDS1 DAT recorder and a stereo microphone. Picture
in children's speech with those of adults, and have reportethrds were used to elicit a possible total of nine target phrases
inconsistent results. Some, studies have shown that articulatdrgm the children, The red/blue/green bar/jar/car Also
levels of children exceed those of adult values [4, 5], whiléncluded in the elicitation, were four distracters, for example,
others have shown that they are lower than adult values in sorfibe red boatThe green balloorPrior to the actual collection of
phonetic contexts [3]. The inconsistent pattern of results ithe data, children were asked to name the colours and the
further highlighted by evidence that suggests that the levels gictures separately. This was done to ensure that none of the
coarticulation in children's speech are similar to those of adultshildren were colour blind and also to establish picture names
[6, 7]. However, it must be stated that while it has been reporteshd therefore avoid confusion during the recording session

that the coarticulation patterns are similar for both children

(aged 3 to 7 years) and adults, it has also been reported tfat3.  Acoustic Analyses

these coarticulatory effects were found to be less consistent for

the children [6]. This pattern of inconsistency could berpg glicited data were digitised with a sampling rate of 10 kHz
interpreted as evidence for the refinement of speech motor ski ing a Kay Computerised Speech Lab (CSL- Model 4300). All
in children, and therefore, the graduation towards a skilled ad%oustic analyses were performed on the KAY CSL using
motor speech system. routines, which are outlined below.



exhibiting higher F2 values than their male peers. No age by sex
interactions were found for the F2 data.

2.3.1. Formant frequencies (F2 and F3) ot/

The midpoint of ¥/ was located immed, with the help of time-

aligned wide-band spectrograms and the speech pressifiéhen the F3 data were subjected to a two-way ANOVA (by age

waveform. F2 and F3 values were obtained using LPC analysignd sex), similar trends to the F2 data were observed. Again, no

A frame length of 10ms was used and LPC measurements wesignificant age differences or age by sex interactions were

validated using wideband FFT spectrograms. found. However, significant sex differences were found (F(1,
54)=4.9, p<.05), with the female children's data generally

It has been shown that in the case of retroflex consonants, F3&xhibiting higher F3 values than that of their male peers.

a more reliable indicator of coarticulation than F2 [12, 13]

Therefore in order to examine the degree of coarticulation of /f/ Parameter Se Age 6| Age8 | Agel0
with /e/, F3 values, in addition to those of F2, were obtained for yrs. yrs. yrs.

It F2 of /r/ in F 1695.6 1727.8 1738.8

’ "red" (Hz) M 1577.7 1496.8 1404.1

. F3 of /r/in F 2581.4 2562.9 2709.8

2.3.2. Formant frequencies (F2 and F3) ot/ wed"(Hz) | M | 26161 | 2317.3 | 2323.1

The midpoint of ¢/ and was located ined using wide-band Table 1: Mean F2 and F3 values (Hz) fav by to sex and age.

spectrograms. F2 and F3 values were obtained using the same
method outlined above for /i/ (2.3.1.). 3.1.2. Formant frequencies (F2 and F3) ot/

2 3.3. Onset and mid points of F2 ot/ in bar The m_ean F2 and F3 values far/ /are given in Table 2
according to both sex and agegp. A two-way ANOVA (by

Formant frequency values for the onsets and mid points of thgye and sex) for the F2 data indicated that were significant age
vowel ki:/ in the contextbar was obtained as follows. F2 (differences (F(2, 52)=7.3, p<.005). Further to this, a post-hoc
values were taken at the onset of the vowel and F2 values wepeheffé test indicated that there were significant differences
taken at the temporal midpoint of the vowel (half way through{p<.05) between the F2 data of the six year olds and those of the
the vowel from the onset of the vowel). 10 year olds, with the six year olds having higher F2 values.
There were also significant sex differences (F(1, 54)=15.5,
p<.0001), with the female children exhibiting higher F2 values
an their male peers. No age-by-sex interactions were found for
e F2 data.

2.3.4. Coarticulation Patterns
Measures that were taken to investigate some coarticulatic%ﬂ
patterns included:

. Differences between the F2 valuesofdnd the Parameter | Se yf\sge 6 Aﬁi 8 Ag/?slo

F2 values of /r/ (Hz). It is predicted that F2 may F2 of &/ in E 2389.3 2395'.7 232é.8

not be sensitive enough to detect patterns of M 23712 | 22478 | 20873
gestural overlap that involve retroflexion. red (Hz)

F3 of klin F 3582.6 | 3305.2 | 3404.8

. Differences between the F3 values of énd the red (Hz) M| 3714.1 | 34894 | 2879.3

F3 values of /r/ (Hz), where patterns of greater
F3 differences could be interpreted as evidence
for less coarticulation, due to the greater
sensitivity of F3 to the retroflex gesture.

Differences between the midpoint F2 values and
the onset F2 values ofi{/ in the contextdbar
andjar, where patterns of greater F2 differences
could also be interpreted as evidence for less
coarticulation.

3. RESULTS

3.1. Acoustic Phonetic Parameters

3.1.1Formant frequencies (F2 and F3) ofr/

Table 2 Mean F2 and F3 values (Hz) far/ /according to both
sex and age.

When the F3 data were subjected to a two-way ANOVA (by age
and sex), results indicated that were significant age differences
(F(2, 52)=10.1, p<.0001). Further to this, a post-hoc Scheffé test
indicated that consistent with the F2 data, there were significant
differences (p<.05) between the F3 data of the six year olds and
those of the 10 year olds, with the six year olds having higher
F3 values. No significant sex differences were found for the F3
data, however, there was a significant age by sex interaction
(F(2, 52)=6.7, p<.005). This interaction took the following
form: both the male and female children exhibited a marked fall
in the frequency of F3, between the ages of 6 and 8 years.
However, between the ages of 8 and 10 years, the girls exhibited
a slight rise in the frequency of F3, whereas in contrast to this
pattern, the boys exhibited a marked fall in the frequency of F3.
This pattern age-by-sex interaction is illustrated in Figure 1.

The mean F2 and F3 values for the mid pointrdéffe given in

Table 1 according to both sex and ageugr A two-way 3.1.3. Formant frequency values ford :/
ANOVA (by age and sex) for the F2 data indicated that were no

significant age differences. There were however, significant sek'® mean F2 values for vowel onset and mid vowel points of
differences (F(1, 54)=15.5, p<.0001), with the female childredc:/ for the contextdar are given in Table 3. When the F2



onset values fobar were subjected to a two-way ANOVA (by
age and sex), results indicated that were significant agd

differences (F(2, 49)=9.2, p<.0001). Further to this, a post-hag
Scheffé test indicated that there were significant difference
(p<.05) between the F2 onset data of the six year olds and thg

of the 10 year olds, and also between the data of the 10 y
olds and those of the eight year olds. In both comparisons, t
10-year olds had the lowest F2 values. In addition, significa
sex differences were found (F(1, 49)=47.0, p<.0001) howeve,

there was no significant age-by-sex interaction.

380

Parameter Se Age 6| Age8 Age 10

e yrs. yrs. yrs.
C F2 difference F -595.8 -667.9 -590.0
Shetween midpoints M -792.6 -767.0 -683.2
S€ of /r/ and £/
1“' F3 difference F | -1032.2| -7423 | -695.0
$etween midpoints M -1100.4 | -1222.4| -556.3
t
. of /r/ and £/

F2 change:d:/ F -107.1 -100.8 -82.3

mid vowel minus | M -92.2 4.1 -18.3

/a:/ onset bar)

Table 4 Mean F2 and F3 differences (Hz) between the
midpoint of /r/ and the midpoint of/ by sex and age.

The F2 differences were subjected to a two-way (by age and
sex) ANOVA, results indicated no significant differences were
found for any of the comparisons. When the F3 differences were
subjected to a two-way (by age and sex) ANOVA, a different
3200 o picture emerged. Results showed that although no significant
Of sex differences or age-by-sex interactions were found, there
3000 & were significant age differences (F(2, 48)=5.4, p<.01). A

* !: subsequent post-hoc Scheffé test indicated that there were
o significant differences between the data of the 6-year olds and
2800 M the 10-year olds, with the 6-year olds showing greater F3

10 years 8 years 6 years differences.

Mean F3 (Hz)

Age 3.2.2. F2 differences between mid vowel and

vowel onset ofd&:/ in bar

The values for the mean F2 difference (Hz) between the vowel
mid point and vowel onset foal/ in the contexbar, are also

The F2 mid point values fdar, were also subjected to a two- given in Table 4 by sex and age. When the F2 differences for
way ANOVA (by age and sex). Results here indicated that wer@ar were subjected to a two-way (by age and sex) ANOVA,

both significant sex (F(1, 49)=39.2, p<.0001) and agdesults indicated no significant differences were found for any
differences (F(2, 49)=8.5, p<.005). Further to this, a post-hoef the comparisons.

Scheffé test indicated that the between group significant

Figure 1: F3 values (Hz) for the vowet/ in 'red' showing an
age-by-sex interaction.

differences (p<.05) replicated those found for the F2 obaet Parameter Se Age 6| Age8 | Age 10
data as outlined above. In both comparisons, the 10-year olds yrs. yrs. yrs.
had the lowest F2 values. No significant age-by-sex interactign F2 change:d:/ F -107.1 | -100.8 -82.3
was found for these data. mid vowel minus | M -92.2 4.1 -18.3
5 : St AGe G Age 8 | Ace 10 la:/ onset par)
arameter X § AgebYs. y?sé 3?5_ Table 5 Mean F2 difference (Hz) between the mid point and
F2 onsetofd:/ | E 1642.0 1638.9 | 1508.4 onset of &:/ in bar context by age and sex.
M 1474.0 1384.3 | 1287.6
(bar) (Hz)
F2midofh:/ | F | 15349 | 15381 | 1426.1 4. DISCUSSION
(bar) (Hz) M 1381.6 1381.4 | 1269.3 ) _ )
The data reported here show evidence of sex differences in the

Table 3 Mean F2 values (Hz) for vowel onset and mid vowel

) . formant frequencies of the 6-, 8- and 10-year olds in this study,
points for &1:/ in the contexbar by sex and age.

with the female children having higher formant frequencies than
their male peers. Moreover, the evidence appears to be robust,
because these patterns weverfd for the data of the alveolar
approximant /r/, the vowek/ and both the onset and mid point

3.2.1. F2 and F3 change between mid /r/ and values of the voweky: /. These sex differences in the patterns

mid /g/ of formant frequencies replicate those of adults [1, 14] and

) could be explained by females having smaller vocal tracts than
The values for mean F2 and F3 differences (Hz) between thgeir male peers. It would therefore appear that there is already
midpoint of /r/ and the midpoint ot/, are given in Table 4 by evidence of robust sex differences in the formant frequencies of
sex and age. pre-adolescent children, a finding that replicates those of

3.2. Coarticulation Patterns



previous developmental studies [9, 11]. What is perhaps more
striking in the data reported here is the age-by-sex interaction
that was found for the F3 data of the vowel. Here, the F3

data for the male children exhibited a significant fall in
frequency between the ages of 8 and 10 (see Table 2 and Figure
1), whereas those of the female children exhibited a slight rise
between these ages. This could be interpreted as some evidence
for marked changes in the vocal tracts of the male children
between these ages.

The sample of coarticulation patterns reported here indicated
that there were no significant age, sex or age-by-sex differences
for the F2 differences between the mid points df dnd £/

gestures. There were however, significant age differences for
the F3 differences between these two gestures. These findings
suggests that F2 were not be sensitive enough to detect the
gestural overlap of retroflexed consonants, a finding which has

been reported elsewhere [12, 13]. In addition, the age

differences in the F3 data suggest that the 6-year old children
show less overlap than both the 8-year olds and the 10-year
olds, between the gestures of alveolar approximant and the
vowel. The pattern of no significant age, sex or age-by-sex

differences for the F2 differences of the vowel/ in the

context bar, suggest that all three age groups and males and
females displayed similar patterns of gestural overlap for the
/ba:/ gestures. These findings suggest that the development of

coarticulation patterns is sensitive to phonetic context. It is
suggested that because some gestures involve more complex
and secondary articulations (such as those that are involved in
the alveolar approximant/), are mastered later than those that

do not (e.g. in the case of /b/). On this premise, it is therefore
proposed that the former types of gesture will display less
gestural overlap with neighbouring gestures in the speech of the
6-year olds because they have a less skilled and therefore, less
flexible and accommodating articulatory system, which is still
undergoing development.

These preliminary data are indicative of both the age and sex
differences that co-occur during speech development. The data
for sex differences in formant frequencies replicate those of
adult studies [1, 14] and indicate that these differences are
present before puberty. The coarticulation data suggest that
phonetic context is an important factor when investigating the
developmental patterns of coarticulation, in that we may find a
range of age-related differences in different gesture sequences.
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