LATERAL RELEASE IN THE ARTICULATORY CLOSURE OF THE VELAR STOP
SOUNDS [k, gl: AN ACOUSTIC STUDY
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ABSTRACT

Lateral lisps involving the velar stop sounds k,
g} were examined acoustically. Lateralized and
non-lateralized tokens consisting of the mora (kil,
[kel or ‘{gil were recorded from the same two adult
females who had previously shown distorted pro-
nunciations, but had been corrected to normal
articulatory gestures with speech training. It was
found that the r.m.s. amplitude of the burst of
lateralized tokens was larger than that of non-
lateralized tokens. In spectra, a local peak was
noted consistently in the vicinity of 5.0 kHz for
the lateralized tokens [ki] across both subjects,

INTRODUCTION

In speech clinics, therapists have noted that
consonants such as [s], (k] and [t{] sometimes
sound deviant before front vowels, This sound
distortion has been observed typically among
children with cleft palate, and is ften referred
to as a lateral lisp or, more specifically, as
being lateralized., It is partly the turbulent
outflow of air from the lateral paths of the
consonantal constriction that causes the acoustic
distortion detectable to speech therapists,

.;- However, the acoustic properties corresponding to,

lateral - "lisps are less clear, ‘except in a Qery few
reports [1]. 1In this study, we will focus on the
acoustic differences between the normal and the
lateral release of the closure of the velar stops
[k, gl produced_ by speakers having previously
shown lateral lisping in spite
defects of the speech organs,
Theoretical considerations permit us to expect
experimental results as follows. When a conso-
nantal stoppage is released at the lateral side(s)
of the tongue contact, the air needsg to flow out
through the narrow, constricted path(s). This
probably results in turbulence noises with larger
amplitudes compared to more open paths if we assume
the air volume flowing into the constriction to be
constant. Moreover, voicing may be delayed, since
it takes a long time for the articulatory stoppage
to achieve a complete opening. Accordingly, we
will employ two measures to characterize velar stop
bursts, namely, their duratjon and root-mean-square
(r.m.s.) amplitude. Finally, a 1linear Predictive
coding (LPC) analysis will estimate spectral
properties for the bursts due to distorteq
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METHODS

Subjects
Subjects were two adult females in their early

twenties, S.A. and T.M., who had no apparent
pathological defects of the speech organs, I
their childhood, they had displayed the deviart
type of articulation outlined in the introduction
but had been corrected to normal articulatory
gestures with speech training. Subject S.A. s
from Kobe, a port in the Kansai -area of the
Japanese ‘mainland where a dialect different fz9ﬂ
Tokyo Japanese is spoken. Subject T.M., grewup it
Sagamihara, a city on the outskirts of Tokyo.
Test Moras and Procedure

In both subjects® speech, distorted prom
ciations had been salient in particular vhenever
velar stops occurred before the front vowel [i] of
[el and in palatalized moras like [kjal. The flap
[r] of subject S.A. had also been deviant in th
same phonetic environments, A total of 38 moras
were chosen as test moras. These were the now
lateralized moras (ka, ko, ke, ku, ki. kja, kjor
kju, ga, go, ge, gu, gi, gja, gjo, gju, ra, ri.™

re, .ro, rja, rjo, rjul ~and the lateralized morss, .

{Ke, Ki, Kja, Kjo, Kju, Ge, Gi, Gja, Gjo, Giw Riy
Rja, Rjo, Rjul (for simplicity, lateralized mor®
will be represented by capital letters)s e
lateraljzed moras [Ke, Ge] and those containing th:
flap [r) wexe eliminated from the productions ©
subject T.M,, since these were never lateralized:
The test moras were read in a sound-proof 1
and. recorded with an audio ‘tape recorder Stang:ng
outside it and running at a speed of 38 cm'/sr of
subjects were told to produce three repetitions on
every mora in isolation with a shert pause be?'qzed
them. Recordings were made of the non-latera:

s . the
series of tokens in the earlier stage of in
eries ¥

hose
the later stage. In the present study, ¥ ¢

the moras [ki, ke, gi, Ki, Ke, Gi) of subject Sl:s
and [ki, Ki] of subject T.M. from the samfce
obtained in the recordings. Among the ;o[cil
tokens, only one [gi] and two samplt?s © kens
could be analyzed, since the remaining t0
showed voicing simultaneously with the burst.
Acoustic Segmentation ‘

The tokens of interest were f—r?“sfe.rre
Hewlett-Packard 1000 computer for acoustiC
sis. In digitization, the audio signals ¥&°

dtod
analy”
orded

vere passed through a low-pass filter, with .roll-
off beginning at 8.5 kHz, and then sampfled with a
quantization level of 12 bits and at an 1ptt_arva1 of
50 ps. The waveform of every token was dlsp'layed
on a graphics display terminal for the visual
demarcation of the acoustic segments which were
necessary in the acoustic analysis. The boundaries
were determined by taking the coordinate values of
the waveform in the vicinity of the point of
interest with the aid of a movable cursor.

RESULTS

Tigire 1 tompares the waveforms of the non-
‘lateralized " token [ke)l and the lateralized token
(xe) as_produced by-subject S.A. By inspection, we
specified- three landmarks on each_ waveform. = The
first was the instant of stop release--the point at
vhich the signal exceeded the noise level of the
baseline, The second was the onset of voicing in
the vowel--the point at which the first glottal
puilse emerged as a periodic pitch. Finally, the
beginning of every pitch period that followed the
first pulse was defined as the point at which the
vaveform curve crossed the baseline in an upward
direction, The phrase "consonantal burst" in this
study refers to the interval between the first and
the second point.

lration of the Burst

As is apparent in Figure 1, lateralized tokens
tended to have a longer "burst duration than non-
lateralized tokens. The lateralized class had an
derage duration of 37,2 ms for [Kil, 58.9 ms for

% for [Ki] in subject T.M. -The non-lateralized
class had an average duration of 35.1 ms for [kil,
W6 ns for [ke] and 30.3 ms for [gi) in S.A., and
“0ms for (ki) in T.M. Here, it is noteworthy
Yat subject S.A. showed a shorter duration for the
la’Feralized voiced tokens [Gil., (One sample of
llu'] and one sample of [Ke] produced by S.A. were
tlininated from the averaging of the durations
because of large deviations,)
148, Mmplitude of the Burst \

figure 1 also illustrates the larger amplitudes
o the lateralized token [Kel. What time course
g: the rum.s. amplitude take during the tokens?

ansver this question, we made preliminary
®aSurements of the short-term r.m.s. amplitudes.
o;q;r.e 2 shows the curves obtained for the samples
of slqure 1 over a period of 200 ms from the onset
succaiee'Ch' "’?‘ere a rectangular window was moved
placedleely in steps of 5 ms during the burst, and
hrin E}lltCh‘SynChronously over every glottal pulse
latergl' € vowel, As can be seen in Figure 2, the
leve] :fzed {Ke] had a temporal course at a higher
g the r.m.s, amplitude during the burst.
for ve:egam, we first measured the r.m.s. amplitude
ength rg token of the same mora over the total
Y divig' the burst, and we then computed a ratio
tokeng blng t_he average value of the 1atera1}zed
keng, yTﬁhe average value of the non-lateralized
My (3,q gootios derived from subject S.A. were
(Re/ye ;mdB) for [Ki/kil, 1.68 (2.3 gB) for
U2 ) oy 2:52 (4.2 aB) for [Gi/gil, and 2.66

ve, wer [I'(l/kll from subject T.M. _

2 lapger  Ated out that the lateralized tokens

f9er r.m.s, amplitude value in the burst

(Y] and 13,6 ms for [Gi] in subject S.A., and 51.8 .

than the non-lateralized tokens. However, we could
not directly evaluate the amplitude of the burst,
since any .change in the subjects' overall loudness.
would have had an influence on the absolute level.
Accordingly, in order to evaluate. the reM.S,
amplitude of the burst relative te the vowel
portion, we adopted a slightly modified version of
the energy ratio proposed by -Jongman et al. [2].
Incidentally, in examining Figure 2 closer, we can
note that the curves there show a rapld rise in
amplitude and slow down some five glottal pulses
from the onset of voicing, though'the r.M.S,
amplitude varies at a’ higher level for the token
[Kel than for the token [kel. Therefore, we
decided to average the amplitudes at the onset of
the--vowel over the period of-. its.four complete
pitches. The first glottal pulse was further added
to the averaging step whenever it did not form a .
complete period. The size of the window for the
vowel varied from 12.3 to 14.9 ms for S.A., and
from 13.6 to 16,0 ms for T.M. In the last step, a
ratio was computed between the r.m.s. value at the
onset of the vowel and the r.m.s,., value at the
consonantal burst. The bigger the amplitude of the
burst, the smaller the ratio value.

To sum up the energy ratios, we obtained the
following average values for the lateralized
tokens: 2,90 (4.6 &B) for [Ki], 4.10 (6.1 dB) for
[Ke] and 1.69 (2.3 dB) for [Gi] from S.A., and 1.25
(1.0 @B) for [Ki] from T.M. For the non-
lateralized tokens: 5,50 (7.4 dB) for [kil), 5.40
(7.3 dB) for [ke] and 2.90 (4.6 dB) for [gi) from
subject S.A., and 4.63 (6.7 dB) for [ki] from
subject T.M.

Spectral Properties

In the previous sections, we argued that the
lateralized tokens were characterized by a
relatively larger r.m.s. amplitude, If this
property were ascribed to the peculiar
configuration of the tongue, then we would expect,
for example, divergences in the location of local
peaks to be detectable in their spectral envelopes,
A variety of research efforts so far have provided
evidence that spectral peaks of short-term acoustic
representation are important for the phonemic
distinction of stop sounds [3, 4]. It is natural
that we should want to take enough care in
accurately estimating the spectral shapes of non-
stationary waveforms, for instance, stop releases.
Thus, in this report, we used an LPC analysis
similar to the method of Stevens and Blumstein,
despite its some shortcomings [3]. The mean value
was first calculated for a truncated waveform and
subtracted from the original signal, Then, Fhe
signal, after being multiplied by a half-Hamming
window without high-frequency pre-emphasis, was
submitted to a 24-term LPC computation using the
autocorrelation method. The window was 25 ms. long
and placed at the start of the burst.

Samples of the spectra of the [kel and.[Ke]
tokens, which correspond to the waveforms.of F;gure
1, are shown in Figure 3. In examining these
spectra, we can note that both'tokens have
concentrations of energy in the regions below 0.5
kHz and from the mid-frequency 2.0 to 3.0 kﬁz.
However, the component in the mid-frequency region
was not very regular for the tokens [ke]; the
concentration of energy was high and flat for one
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Figure 1. Waveform displays fo
the non-lateralized mora [ke]
and latel;alized mora [Ke) g
produced by subject §.A, The
arrows indicate the instant ¢f
the stop release and the onget
of voicing in the vowe],
respectively.

Figure 2. Time tracings for the
short-ter r.m,s. amplitudes
corresponding to the samp}es
in Figure 1, The arrows point
to the onset of voicing in th
vowels.

togarithmic magnitude

L 1 1 i l 1

T T Figure 3. Spectra for the
bursts obtained in the same
samples as in Figure 1, A 25-
ms half-Hamming window was
used for the analysis.

0 ' 5 .
' frequency / kHz"~

sample, and had two separate peaks between 2.0 and
3.0 kHz in the other sample., On the other hand,
for the lateralized [Kel tokens, a single prominent
peak was found consistently in the vicinity of 3.0
kHz, The non-lateralized [kel tokens showed a
significant drop in level in the region of 6.0 kHz.

In the spectra of (ki) and [Ki)] from S.A., two
local peaks were prominent in the vicinities of 3.0
kiz and 5,0 kHz. In particular, peaks at 5.0 kHz
for the tokens [Ki] occurred rather consistently
and showed as almost equal an amplitude as those at
3.0 kHz, In contrast, the corresponding peaks were
irregular in shape and level for the non-
lateralized tokens [kil]..

In the spectra of the [{gil] and [Gi] tokens, some
sanples ‘showed a higher level between the first
Peak below 0.5 kHz and the second peak around 2.9
Kiz, The spectra of [Gi] were similar in their
envelopes to those of [Ki] in the range from O to
5.0 kHz,

For subject T.M., on the other hand, the spectra
obtained showed consistent patterns in their
envelopes for both classes of tokens. In the
spec.tra of the non-lateralized [ki) tokens, a
Proninent peak was consistently found between 3.0
anq 3.5 kiz, In the spectra of the lateralized
iill tokens, a peak was also seen in the same
s::°“' but it gradvally shifted to a higher,
Thisper peak emerging in the region of 5.0 kHz.
the ¥as in contrast to the [ki] tokens, for which

Spectra were rather flat in this region.

DISCUSSION

itawcas tl?e aim of this study to examine how well
phonemoiustlc characteristics that seem to play a
allophocélly contrastive role distinguish such
1ateralin1c Processes as non-lateralized versus
ongman %ed articulatory gestures. According to
s kept et al, [2], the energy ratio of the burst
denta) StappreclablY contrastive for alveolar and
only ay OPS even in English, a language that has

veolar stops, or Dutch, a language that has

10

only dental stops. Our results also suggest that
this metric of energy ratio is effective for
separating non-lateralized and lateralized sounds.
The ratio value of four, which indicates a
difference of about 6.0 dB, seems to be adequate
for this separation.

Finally, does the local peak found consistently
around 5.0 kHz for the lateralized [Ki] tokens
across both subjects contribute to the perceptual
impression characteristic of these tokens? This
question is interesting, since the role that local
peaks play in the perception of phonetic variants
of stops is not clear, and it needs to be resolved
by perceptual experiments and other studies.
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