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ABSTRACT

This experiment investigated the abilities of adults and normal
children to imitate normal, lateralized, and retracted fricatives in
CV contexts. Distribution measures derived from spectral
analyses of the fricative noise were evaluated with respect to
subject age, phonetic context and articulatory distortion. The
results revealed significant manner/place influences on fricative
production as well a trend towards less articulatory precision by
the children. Although lateral /s/ was difficult for children, their
measurable /s/ distortions were very similar to those of adults.

1. INTRODUCTION
This investigation derived from the clinical papers in this volume
by Stephens, Lu, Kao, Kahvazadeh and Daniloff [1] and
Stephens, Lu, Kahvazadeh, Krueger, Kao, Daniloff and
Schuckers [2]. Specifically, the intent of the present study was to
explore the possibility that adults are more adept than children at
producing spoken phonemes and that adults would show greater
ability to mimic the retracted and lateralized distortions of /s/
which are common errors in children's speech. McNutt [3]
observed that certain subpopulations of persistent fricative and
liquid misarticulators appeared to have perceptual problems. If
children were less adept at producing the /s/ distortions or the /s/
itself, it would support inferences that such a perceptual
challenge contributes to the context free, persisting lateralization
of /s/ remarked upon by Stephens, Hoffman and Daniloff [4].

2. METHODS
2.1 Subjects
Nine subjects participated in the study, including six normal
adults (three males and three females), and three 8-10 year-old
boys with no history of speech disorders. Audio tape recordings
were made of each subject producing 10 repetitions for each of
nine target words when cued by randomized flash cards. In
addition to normal productions of the words, "seen", "sun",
"soon", "sin", "shin", "fin", and "thin", the subjects were taught to
imitate audio recordings of the word "sin" produced with
lateralized and retracted (apical-postalveolar) /s/ (spoken by
subject six, author PH). Each subject practiced these imitations
until two experienced phoneticians judged the appropriate target
pronunciation had been achieved. All subjects learned to produce
the apical-retracted /s/ acceptably; however, while each adult
participant achieved the criterion for lateralized /s/, only one of
the three children could accomplish the task of producing a
consistent, relatively close imitation of lateral /s/.

2.2 Acoustic Analyses
The recorded tokens were low-pass filtered at 10k Hz, digitized
at 20k samples/sec and analyzed with PC-based acoustic signal
processing software that allows cut-and-paste editing with direct
comparisons of spectral, spectrographic and oscillographic signal
representations [5]. A 512-point DFT power spectrum was
calculated at the temporal midpoint of the friction noise for each
utterance. Viewing these power spectra as distributions [6], the
spectrum mean, standard deviation, skew and kurtosis for each
was calculated and these measures became the data for the study.

2.3 Statistical Analyses
2 X 9 repeated measures ANOVA's contrasting the categories of
age and. syllable context were conducted on the subject's
averages for the spcetral distribution measures.

3. RESULTS

Results for the spectrum mean, standard deviation, skew and
kurtosis analyses are plotted with respect to phonetic context
(fricative identity, vowel identity) and Age in Figures 1 through
4. Adult averages are plotted as filled circles connected by solid
lines in the graphs while child averages are plotted as filled
triangles connected by dashed lines. Although each data point for
other conditions represents all of the relevant subjects' data, note
that in each graph the datum for children's lateralized /sin/ is
based upon the mean of ten repetitions for only one child.
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Figure 1. Spectrum mean by age and context.
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3.1 Spectrum Mean
Age effects. Statistical analyses of age-based differences for
spectrum mean frequency did not reveal significant main effects
(F1, 77=0.00, p=0.952). As may be seen in Figure 1, mean values
for /s/ produced by children in four vocalic contexts averaged
about 187 Hz lower in frequency than comparable adult values.
The children's mean spectrum frequencies for /³/ were
considerably higher than those of adults, while no clear adult vs.
child differences are apparent for the non-obstruent contexts or
for the distorted /s/ productions.

Context effects.  Statistical analyses revealed a significant main
effect for the influence of phonetic context on spectrum mean
values (F8,77=7.69, p<.000). As would be expected, the trends in
Figure 1 suggest this is primarily due to the effects of articulation
differences on mean spectrum frequency for different fricatives in
the study (e.g.; /s/ vs. /³/). It is apparent that vowel context did
not influence trends in the data for normal /s/ spectrum means in
either group.

3.2 Spectrum standard deviation
Age effects. Statistical analyses of age-based differences for
spectrum standard deviation revealed significant main effects
(F1, 77=7.44, p=0.008) for this measure. As may be seen in Figure
2, the variability for non-sibilant and abnormal productions by
the children was quite comparable, on the average, to adult
values; however, children typically had somewhat higher
spectrum standard deviation values for sibilants (especially /³/).

Context effects.  Statistical analyses also revealed a significant
main effect for the influence of phonetic context on spectral
standard deviation measures (F8,77=10.46, p<0.000). As was the
case with spectrum means in Figure 1; the relatively flat traces
for /s/ across vowel contexts in Figure 2 suggest much greater
influences upon spectral standard deviation from phonetic
differences among fricatives (e.g.; /s/ vs. /³/) than from vowel
context.

3.3 Spectrum Skew Age effects. Statistical analyses of age-
based differences for spectrum skew revealed significant main
effects (F1, 77=4.23, p=0.043). Figure 3 shows that skew values
for /s/ spectra produced by children consistently undershot adult
values, with considerably smaller negative values for normally
produced /s/, and (in all save the case of /f/) considerably smaller
positive values for the other conditions.

Context effects.  The statistical analyses also showed a
significant main effect for the influence of phonetic context on
spectrum skew (F8,77=12.22, p<0.000). Figure 3 suggests
extensive effects for both consonant and vowel as well as for the
articulatory distortions.

3.3. Spectrum kurtosis effects. The statistical analyses of age-
based differences for spectrum kurtosis measures indicated
significant main effects (F1, 77=8.71, p<.0044). As may be seen in
Figure 4, mean kurtosis values for /s/ produced by children in
four vocalic contexts deviated from adult values more than did
comparisons for other fricative contexts, however children's
kurtosis values tended towards consistently smaller values than
did adults'.
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Figure 2. Spectrum standard deviation by age and context.
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Figure 4. Spectrum kurtosis by age and context.
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Figure 3. Spectrum skew by age and context.
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Context effects.  Statistical analyses did not reveal a significant
main effect for the influence of phonetic context on spectrum
mean values(F8,77=1.28, p=.267).

4. DISCUSSION
Results from the spectral mean analyses indicate that, for
production of normal fricatives, only /³/ suggested a major
difference in articulation between groups. Both adults and
children appeared to consistently utilize fricative slits and
resonating chambers of similar dimensions, with the slightly
higher adult mean values for /s/ utterances probably due to
narrowing of the articulatory slit or reduction of the dimensions
of the anterior resonating system [7]. Context effects in adult
productions appeared to contrast the uniform and higher means
for /s/ with the mean for /³/. For the children this /³/ vs. /s/
difference in spectrum mean is considerably less apparent. The
adult:child spectrum mean difference for lateral /s/ is hard to
interpret with only one child’s data available. Curiously, there
were no mean adult/child differences for the retracted /s/ spectra.
In terms of perceptual challenge, both groups appeared to behave
equivalently.

Spectrum standard deviation measures essentially reflect
breadth, or "resonance bandwidth", for the power spectra about
the calculated means. A perusal of Figure 2 makes it clear that
the significant results for both age and context with this measure
appear to be attributable more to the rather different effects for
/³/ than for the other conditions. For both adults and children
spectrum breadth is narrower for /³/ than in the other phonetic
contexts. In addition, the slightly higher overall values of
spectrum standard deviation for children than for adults in all
cases suggests less precise overall articulatory control for the
children. Notice also that once again, vowel context has little or
no differential effect on /s/ in /sVN/ tokens.

Skew for the fricative power spectra can be interpreted as
indicating the direction and extent of asymmetries about the
mean, or "spectral tilt". Skew is largely a product of conduit
narrowing and dimensions of resonating chambers. The more
anterior /s/ has a higher tilt than /³/ , while the nonsibilant
fricatives, and the lateralized and retracted /s/ revealed a
preponderance of lower frequency energy with a high frequency
tail on the spectral distribution. Results for the skew
measurements reflect a curious undershoot for children's
productions in comparison with those of adults. This is consistent
with possibility that children exhibited less precise overall
articulatory control of fricatives, a phenomenon for children
reported by numerous researchers [8]. That this parameter also
reflected significant differences for phonetic context was a
surprise to us; in fact, trends in Figure 3 even suggest a
possibility for vowel context effects (e.g.; "soon" vs. "sun"
differences). This parameter should be investigated in greater
detail, to determine the extent to which articulatory and
coarticulatory factors may be reflected. Notice also that for lateral
/s/ the lone child’s skew data matched the adult average, while
there was group divergence for retracted and dental fricatives.

Kurtosis for the fricative spectra reflects the "peakedness" of
the noise spectrum. The significantly greater kurtosis for adults in

all contexts except the retracted and lateral contexts suggests that
children do not produce pole amplitudes to match those of adults,
probably because of articulatory factors like slit tightness,
damping, resonating chamber characteristics, etc. The absence of
significant context effects suggests that coproductory influences
on the factors determining kurtosis are minimal in both groups.
Note that for the retracted and lateral productions, both groups
behaved alike, suggesting that the relatively larger and more open
constrictions for these two misarticulated fricatives [9], attenuates
the influence of parameters controlling kurtosis.

       The adult child differences in imitated fricatives revealed
three significant age and three significant context differences.
Except for SKEW, there was little evidence for vowel context
effects on /s/ for either group, supporting the conclusions of
Stephens et al. [1] for lateralizing children. Children produced
more variable sibilant fricative spectra, less skewed fricative
spectra except for /f/, and less peaked fricative spectra except for
lateral and retracted /s/. In fact, lateral and retracted spectra
probably differed less than any other contrasting single or group
comparison among fricatives. The most parsimonious
explanation to be offered is that typical adult-child differences in
fricative production are fairly small, and probably arise from
youthful imprecision of articulatory gesturing; in particular,
children's sibilant fricatives appear to be produced with greater
variability and less tight constrictions than is the case for adults.
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