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ABSTRACT
��This study examined context sensitivity of productions of
lateralized /s/ spoken by five kindergarten children, who were
later re-recorded  in high school.  LPC spectra were derived for
each /s/ spectrum. Means, Standard Deviations, Skewness and
Kurtosis were computed for each spectrum. A set of 3-point
ratings of four “spectral fitness” measures based on idealized /s/
spectra for children and adults was made. These  measures
included Number of Spectral Peaks, Frequency of Spectral Peaks,
Spectral Fill, and Spectrum Bandwidth. Analyses of variance of
the eight measures  revealed that the most facilitory (least
lateralized) contexts were /W, 3, ¡, and l/ in the pretest, with /i, k/
less facilitory.  For the grown children, whose average
improvement in spectral scores was nearly 40%, /W, 3, ¡, and l/
were included amongst the most facilitating contexts, but /i, and
k/ were not. Results suggest that on average many context effects
are modest and not generalizable across  age. Individual subjects
were differentially sensitive to phonetic context. The value of the
“facilitating“ contexts for lateralization may be too idiosyncratic
and insufficiently potent for generalization across speakers.

1. INTRODUCTION
Coproduction of phonemes in the stream of speech has tempted
clinical investigators to search for phonetic contexts which might
facilitate correct production of persistently misarticulated
phonemes, Hoffman, Schuckers, and Daniloff (1989).
Specifically, Schuckers, Mazza and Daniloff (1979) observed
significant facilitation of more correct /s/ production by children
who dentalized /s/. The contextual facilitory process might force
the articulatory organ(s) to be preplaced in nearly the right place
and/or shape to better accomplish the following or antecedent,
misarticulated phoneme. Alternatively, the context might force
the misarticulatory gesture to commence from a different posture
or shape which would create lability in the incorrect gesture
which could  be shaped toward a more correct articulation. A
typical example, Hoffman et al. (ibid),  is the use of /t/ context to
place the tongue tip on the alveolar ridge which is near the
retroflex position which must be trained when children produce
/w/ for /r/.

 In this study we sought to determine whether a
particularly recalcitrant misarticulation, lateralized /s/, might
show evidence of strong contextual effects before and after a long
course of speech therapy. McNutt (1977) has demonstrated that
recalcitrant misarticulation in teenagers may reflect multiple
subpopulations of children who manifest differential anatomical,
neuromotor, auditory, or sensory functioning. Even so, with
appropriate feedback,  coproductory effects should prove useful.

The purpose of this study was twofold- to examine the
degree to which quantitative  measures of spectral fitness of
lateralized /s/ would  reveal facilitation of a magnitude and
generalizability over speakers useful for  clinical treatment and,
to determine how time and speech correction together would alter
patterns of early contextual facilitation.

2. METHODS

2.1 Subjects.  The subjects for this study were part of a cohort of
51  kindergarten aged, /s/-misarticulating children who passed
language, articulation and hearing screening tests and at most,
misarticulated no more than one other sound inconsistently.
Eleven of the children were identified as consistent lateralizers.
Testing every two weeks for up to two years and was
discontinued if the children spontaneously corrected their /s/
misarticulation. Children were eligible to receive speech therapy
in the third grade; all five of the children reported in this study
received twice weekly therapy in grades 3-5, four of five received
similar rates of  therapy in grade 6 , and two were further
monitored in grades 7 and 8. When the children reached their
freshman/sophomore year of high-school, eight of the original
lateralizers were located within the school district,  six agreed to
be retested with the set of original sentences, and five produced
reportable data. The older students reported that the persisting
lateralization error had caused them “great social discomfort”
Even the one student whose acoustic /s/ sounded nearly normal,
along with all of the others, persisted in a visually detectable
lip/jaw carriage indicative of lateralization, including a more
open mandible, and labio-lingual asymmetry of carriage during
articulation of /s/.

2.2. Data Reduction. Recordings of the sentences made during
the first six months of  kindergarten and  during high school were
edited and digitized on a GW SoundScope one channel analyzer
at 22.4 KHz using a 21-coefficient LPC analysis made at the
midpoint of the fricative noise. The parametric statistics were
gathered from a Kaleidograph descriptive statistical analysis of
the LPC spectrum. The rating scale data were made by
overlaying transparencies of ideal /s/ spectra for men, women,
and children taken from Stevens (1998)fitted over the LPC
spectra and judging the goodness-of-fit for four measures:
number of crucial peaks, 4-8KHz, frequency of the two peaks,
low frequency spectral peaks or fill, and power bandwidth. A
three point scale of goodness-of-fit: good (2), partial (1) and
unsatisfactory (0), was utilized.
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2.3 Statistical Analysis.  Three-way analyses of variance were
computed for all eight spectral criterion measures. The within
factors consisted of time ( kindergarten/high-school) and
contexts
( / i, W, 3, ¡, k, l / ) while subjects were treated as a between
factor.

3. RESULTS
3.1 Individual Results. Means and standard deviations of the
spectra for all subjects, with the exception of S3, showed no
change over time. Skewness (Figure 1) and Kurtosis (Figure 2)
of the spectra became significantly more positive over time for
S1 only for context /i/ [F(5,10)=5.56, and 3.72, respectively,
p<.05].  STANDARD DEVIATION (Figure 3) of  the spectra
increased significantly over time only for context /l/ for S3
[F(5,10)=4.23, p<.05]. Figure one shows skewness of the spectra
as a function of context and time of test for S1.  Figure two
shows kurtosis of the spectra as a function of context and time of
test for S1.   Figure three shows standard deviation of the spectra
as a function of context and time of test for S3.

Figure 1. Mean skewness scores as a function of context and time

Figure 2. Mean kurtosis scores as a function of context and time.

Figure 3. Mean standard deviation as a function of context and
time.

3.2 Group Results.  None of the time by context interaction
effects were significant when data from all five subjects were
analyzed as a group, or when data from S3, S4, and S5 were
analyzed as a group.  Thus, our context results were primarily
negative.

4. DISCUSSION
The results of this study demonstrate several interesting findings.
First, there are no specific phonetic contexts for which all
subjects demonstrate more successful production of /s/, either
early or much later in their schooling, contrary to Schuckers et
al.’s (ibid) findings for /s/ dentalizers but in line with Stephens,
Hoffman and Daniloff’s (1986) preliminary analysis which
revealed no spontaneous improvement of lateral /s/ after two
years and no obvious differentially facilitating contextual
advantage for more successful production. Second, at either time
point, the significant, most and least facilitating phonetic contexts
were few in number and specific to individual subjects. In terms
of group averages, and nonsignificant group trends, the spectral
fitness data reveal that in kindergarten, /3, W, ¡, and l/ were most
facilitating, and in ninth or tenth grade, /3, W, ¡, and l/ were most
facilitory. Thus, the contexts common to both sets were vowels
other than /i/. One might have predicted that / i / with its narrow
palatal constriction and spread lips might have facilitated better
/s/ production. That was not the case. Similarly, the velar /k/
might have  facilitated a less lateralized /s/ by causing the tongue
to retract, pulling the blade back, setting up a central constriction
of the airway useful for production of a central /s/. However, /l/, a
bilateral articulation, could have been predicted to facilitate a
more unilateral /s/ than usual, but instead it proved to be mildly
facilitory, before and after.

The mean range of facilitation effects was 9% or so in
kindergarten and 25% in high school. Within a single speaker
contextual differences could range up to 50-60 %. Thus, a speech
therapist would have to probe individual children for specific
context sensitivity for specific subtypes of misarticulation to
identify those contexts most profitably concentrated on during
early stages of therapy. The personal idiosyncracy of the modest
contextual effects argues that cognitive, grammatical, auditory
and many other factors may rival physiological ease and
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physiological potency in inducing more favorable articulations as
key factors in such sensitivity for lateralized /s/.

It is worth remarking that the influence of early-learned
misarticulatory gestures was blatant in the facial gesturing of all
five speakers. It may be expected that the contextual effects,
when palatography is used to guide movement toward correct /s/
production, could well be different from those contexts most
potent for the conventional auditory-verbal type of speech
therapy. Before denigrating the ineffectiveness of conventional
therapy for lateral /s/  the last author of this paper has had
considerable clinical success with primary school children by
training changes in lateral /s/ in a /t/ context, particularly when
attention is paid to initially extinguishing lateral release of /t/
which often occurs spontaneously when /t/ precedes /s/.
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