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AN INVESTIGATION OF NASAL-"DRAL"™ SODUND PRESSURE LEVEL
DIFFERENCES AT FOUR VOCAL INTENSITY LEVELS

IN NORMAL AND CLEFT PALATE SPEAKERS
CHAPTER 1
INTRODUCTION

To understand the effects of nasal tract coupling upon the
speech signal, researchers within the field of cowmunication disorders
have attempted to identify and quantify acoustic changes that are as-
sociated with velopharyngeal inadequacy. One area of inquiry has in-
volved the study of the nasal-"oral" sound pressure difference measure.
In this line of investigation, the sound prassure level of the nasal
speech signal, measured using a probe-tube microphone placed within the
nasal meatus, is compared with the sound pressure of the "oral" (over-
all) speech signal, measured a given distance from the lips. The dif-
ference, in decibels, between the nasal and "oral" signals has been
used frequently as the criterion measurs.

A growing body of information related to the nasal-"oral" sound
pressure difference measurs, as it relates to nasal tract coupling, has
been accumulated over the past two decades. In sum, the results of re-
search st "es indicate that this acoustic measure provides an index of

nasal tract coupling area in individual speakers (28, 29, 30, 38).
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Further, mean nasal-"oral" sound pressure difference measures obtained
for groups of norinal speakers differ significantly from those obtained
for groups of cleft palate speakers with velopharyngeal incompetency
(8). 1In addition, while the degree of relationship reported by differ-
ent investigators varies, the size of the nasal-"oral" sound pressure
difference has been found to be related positively to perceptual measures
of the severity of hypernasality (4, 8, 29, 30, 38, 43). Mean nasal-
"oral"™ sound pressure difference measures obtained for both normal and
cleft palate groups have been found to be highly reliable (%1 dB) (31).
On the basis of the data at hand, it is reasonable to conclude that the
nasal-"oral"™ sound pressure difference measure is related to the degree
to which the nasal and oral cavities are coupled during speech;

Results of investigations in this area also show that the size
of the nasal-"oral" sound pressure difference for both normal (g, as,
41) and cleft palate speakers (ﬁ, 8) varies according to the phonetic
composition of the speech sample. High vowels, such as /i/ and /u/,
which are produced by normal speakers with a more complete velar seal
ng 53) are characterized by greater mean nasal-"oral"™ sound pressure
differences than are the low vowsls /&/ and /a/, which are praduced wiih
some degree of velopharyngeal opening. Differences betﬁeen the mean
nasal-"oral"™ sound pressure difference measures for groups of normal and
cleft palate speakers have been found to vary as a function of the vouwel
which is produced. Greatest intergroup differences occur when means for
high vowels are compared.

Normal and cleft palate speaking groups (41, 8) have been com-

pared for sex differences relative to mean nasal-"oral" sound pressure

difference measures for vowels. UWhile the findings have not always
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reached levels of statistical significance, there has been a consistent
trend toward greater mean nasal~"oral" sound pressure differences for
females than for males. The differences between the means for the sexes
have been found to be inversely related to reported differences in the
relative power of iale and female voices (11, 45).

It is suggested in the literature that changes in vocal intens-
ity result in changes in the nasal-"oral"™ socund pressure difference
measures for vowels. Two studies, one by Summers (ﬂl) employing normal
subjacts and one by Ochsner (28) employing a single male cleft palate
Subject, have indicated the existence of an inverse relationship between
the nasal-"oral™ sound pressure difference measure for vowels and the
intensity of the "oral" signal. The effects of changes in vocal in-
tensity on the magnitude of the nasal-"oral" sound pressure differénce
measure, however, is substantially different as reported in the two ex-
periments.

If the intensity at which a vowel is produced has an influence
upon the magnitude of the nasal-"oral"™ sound pressure difference mea-
sures, it is important that this effect be specified. Further, if the
effect differs for normal subjects and subjects with velopharyngeal in—-
competency, it is important that the nature of this difference, includ-
ing direction and magnitude, be known. Since the data relating to per-
sons with velopharyngeal incompetency are predicated upon the perfor-
mance of a single cleft palate subject, it»mould seem important to de-
termine the extent to which the reported relationships hold when groups
of cleft palate speakers are studied. If, as reported, sex differences

exist with respect to nasal-"oral™ sound pressure diff{erence measures,
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the need to study both male and female subjects seems apparent. To per-
mit direct comparisons of normal and cleft palate subjects, it is impor-
tant that subjects in each group be similar in age and that the vocal
intensity levels employed be identical for the two groups.

To date, the relevant variables noted above have not been con-
trolled in any single experiment with the result that pertinent relation-
ships must be inferred from data extracted under disparate experimental
circumstances. The hazard inherent in such extrapolations is apparent.

It is for this reason that the present study was undertaken.



CHAPTER 11
REVIEW OF THE LITERATURE

An existing method of identifying and quantifying acoustic
changes that are associated with velar inadequacy involves the utiliza-
tion of the probe-~tube microphone assembly. Several investigators (19,
14, 19, 29, 32) have demonstrated that by coupling the nasal and the
oral tracts, there is a resulting reduction of overall vowel intensity
and an accompanying increase in the intensity of the nasal signal. The
probs—tube microphone permits sampling and measurement of the sound
pressure level (SPL) within the nasal cavity which may be compared with
the measurement of the total sound pressure level (SPL) of the spesch
signal derived from the placement of a microphone at a given distance
from the mou£h. fhe probe~tube microphone itself is an adaptation of
the condenser microphone in which a length of small-bore tubing is
acoustically coupled to the microphone‘'s diaphragm and placed a short
distance into the least occluded nostril. The most commonly used SPL
measure employed in studies of nasal and non~nasal speakers is that of
the difference in decibels between oral or total soqnd pressure of the
speech signal, and nasal sound pressure (nasal-"oral® SPL difference

measure. )

Richards (31) investigated the reliability.of the nasal-"oral®
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5PL difference measure obtained with the probe-tube microphone assembly.
She utilized two gqroups of cleft palate speakers and one group of normal
speakers who were directed to produce four isolated vowels, sixteen CVC
syllables, and one sentence containing no nasal consonant sounds during
two separate but procedurally identical testing situations. Following
the computation of the nasal-"oral" SPL differencze measure for each
speech item produced by each subject, an analysis was made of the ex-
tent of the mean differences between session and trial scores across
speech sample types for each subject. Richards found that mean nasal-
"oral" SPL difference measures obtained for both normal and cleft palate
speakers in repeated productions of the same speech sample were highly
reliable with differences among means for repeated trials seldom exceed-
ing 1 decibel. 1Individual variation was more pronounced. The maximum
change in nasal-"oral" SPL difference measures for individual subjects
repeating the same speech item averaged 4 to 5 dB, with a few individual
subjects exhibiting considerable inconsistency from trial to trial.
Concerning the reliability of this measure, Richards concludes that mean
nasal-"oral" SPL difference measures obtained for both normal and cleft
palate groups are highly reliable although substantial variation can
occur in productions of the same speech sample by individual subjects.
In an electrical analog study, House and Stevens (19) found
that the overall intensity level of artificial vowels decreases as coup-
ling of the oral and nasal cavities is increased. Tﬁese investigators
indicate that by coupling the oral and nasal cavities, ar acoustic power
loss during vowel praduction is introduced, related to the increased

damping effect of the nasal tract on the vocal sound generated at the



larynx.

Russell and Cotton (32) measured the intensity of "oral™ and
nasal speech signals during normal production of vowels. Their find—
ings indicate that, when averaged across subjects and fraquencies, the
nasal signal ié 30 dB less intense than the "oral™ signal during the
production of /a/, /o/, /3/, and /&/. The nasal signal was 17 dB less
intense than the "oral" signal during non-nasal productions for the
vowel /i/. Thus, when the vowels are nasalized, the intensity of the
nasal signal increases by 20 to 30 dB on the average so that it egquals
or in some instances, exceeds, the "oral" signal.

Fant (14) examined the influence of four nasal tract coupling
conditions upon the spectra of four vowels. By increasing the area of
coupling, spectral changes in the vouwsls are introduced which include
increases in formant bandwidth and a reduction of formant intensity.
The degree of change varies with the vowel and with the size of the
coupling. He speculates that a reduction of formant intensities re-
sults, in part, from an interaction between the resonances and anti-
resonances which typify the oral and nasal cavities. A shunting side-
branch with resonances and anti-resonances at discrete fragquencies de-
termined by the cavity characteristics and the size of the coupling is
produced by the coupling of the nasal to the oral tract. When the reso-
nant frequencies of the two tracts coincide, there is an increase in the
amplitude of the formant frequency. On the other hand, if these pole
frequencies do not coincide, those attributable to nasalization effects
appear as added resonances in the speech spectrum. When the zero or

anti-resonance of the nasal tract coincides with the pole of the vocal
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tract, there is a reduction in the intensity of the formant frequency.
Anti-resonance effects appear as a reduced intensity of the harmonics
ad jacent to the formant when the pole and zero do not coincide.

. The frequency characteristics of the nasal pole-zero pairs is
affected by the size of the coupling. With a large area of coupling,
the pole and zero frequencies are widely separated and interact with
vocal tract reéonances and anti-resonances. If the coupling area is
small, the pole and zero will be so close as to allow only minimal in-
teractions with vocal tract resonance. The pole and zero coincide and
cancel out the nasal tract influence upon the formant structure when
there is no coupling. In addition, Fant notes that, with nasal tract
coupling, the frequency of the nasal-cavity anti-resonance may coincide
with the resonant frequency of the first formant of the nasalized vouwel
and result in a reduction of the intensity level of.that formant. Be-
cause the frequency of the first formant varies among the vowels, a con-
stant area o? coupling could introduce anti-resonances in some vouwels
which would be at a frequency above or below the oral resonance of those
vowels and not produce any intensity reduction.

Curtis-(lg) states that the acoustic impedance characteristics
of the oral and nasal cavities produce a marked effect on the intensity
of the resulting "oral" and nasal output. The relative impadances of
the oral and nasal cavities will determine, in a large part, the effect
that a coupling of these will have. For example, if the nasal cavity
has a high impadénca while the oral cavity has a low impedance, the con-
sequence of coupling these two resonators is minimal. On the other hand,

if the opposite impedance relationship exists, coupling the two cavities
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will result in a greater influence on the speech signal.

The usefulness of nasal-"oral" SPL difference measures, ob-
tained using the probe-tube microphone assembly, as an index of the de-
gree to which the oral and nasal tracts are coupled during speech has
been explored in a number of studies (8, 28, 29). Pierce (30) evaluated
acoustic differences provided by various types of prosthetic speech ap-
pliances in a group of adult cleft palate speakers. He found signifi-
cantly smaller nasal-"oral" SPL differences for subjects who were wearing
speech appliances than for the same subjects with their appliances re-
moved. Shelton, Knox, Arndt, and Albert (38) made measurements of nasal
5PL in subjects speaking with obturators in place and removed. Nasal SPL
measurements were smaller when the obturators were in place than when
they were removed.

In a subsequent study by Shelton, et al. (gg), a group of
twenty-onz subjects with well-fitted speech bulbs were compared for nasal
SPL with a group of thirteen subjects having a moderate deficiency of
palatopharyngeal cleosure. B8oth groups produced an identical single sen-
tence and a tep-second segment of connected speech. They found signifi-
cantly greater nasal SPL measures for the group with inadequate closure
as compared to the group wearing obturators. In addition, Pearson cor-
relation coefficients of .48 and .50 were obtalned when correlating mean
palatopharyngeal gaps as determined by cineflurographic films, with nasal
SPL measures obtained during the single sentence and connected speech
sample.

Olson (29) explored the effect of controlled changes in nasal

tract coupling upon nasal and "oral"™ SPL measures of the speech of a
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single non—nésal épeaker. The normal subject was fitfed with a speech
appliance, which permitted varying the size of the velopharyngeal aper-
ture. Utilizing the probe-tube microphone assembly, Olson was able to
demonstréte a significant relationship between velopharyngeal aperture
dimensions and nasal-"oral" SPL difference measures. Specifically, rank
correlations betwzen these SPL measures for individual vowels and vowels
in CVC contexts and measures of the size of nasal opqning ranged from
0.32 to 1.0. Correlations between the measures for vowels combined and
for syllables combined were each 1.0.

In 1968, Ochsner (28) investigated the relationships among con-
trolled variations in nasal tract coupling and oral and nasal sound
pressures in a single cleft palate subject. She recorded and analyzed
reeorded speech samples of the four vowels, /i/, /u/, /=2/, and /a/, at
each of four intensity levels (70, 75, 80, and 85 dB SPL) under each of
six nasal coupling conditions (from O to 0.785 cmZ). Chief among her
findings is that, for all vowels at all intensity levels, an increase in
the size of the nasal aperture is associated with increases in the nasal
SPL and the nasal-"oral" SPL difference measure.

Since nasal-"oral" SPL difference measurss appear to be related
to variations in the degree of oral-nasal coupling, it is not surprising
that normal and cleft palate speakers have been found to differ with
respect to this measure. Counihan and Pierce (g) employed the probe-
tube microphone assembly to study the speech of forty normal-speaking
adult subjects in isolated vowels, CVUC syllables, and sentences. These
investigators report mean nasal-"oral" SPL difference measures of 22,46

d8 for vowels, 19.61 dB for CVC syllables, and 20.07 dB for sentences
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when these spsech samples are produced at a constant orgl intensity
level of 75 dB. From these data, the authors conclude that the influ-
ence of nasal tract coupling on vowel production is changed very little
by placing the vowsel in a consonant context.

Richards.(gl) computed the difference betwsen the nasal and
"oral"™ sound pressure levels for normal speakers producing vowels at an
"oral™ intensity of 75 dB. She found a mean nasal-"oral®™ SPL difference
measurs of 28.85 dB.

Hirano, Takeuchi, and Hiroto (18) measured the ratio of intra-
nasal sound pressure to syllabic speech powsr in sight normal-speaking
adults producing sixty Japanese monosyllables. As a group, the normal
subjecté in this study prasantad.a mean measure of 23,95 dB for their
non-nasal co6sonant—vowel monosyllables. As might be expected, higher
nasal sound pressures were obtained during the production of nasal con-
sonant-vowel syllables,

Employing the probe~tube microphone assembly, Summers (41) ex-
amined the nasal and "oral™ SPL mzasures for vowels at various levels of
vocal intensity in a group of male and female normal-speaking subjects.
His data reveal somewhat higher mean nasal-"oral" SPL difference mea-
sures than that reported in similar studies of normal épaakers at com-
parable intensity levels. For example, Summers reports mean nasal-
"oral® SPL differences of 35.22, 34.94, 33.04, and 28.31 dB at mean
over-all intensi@y levels of 58.45, 66.95, 75.99, aﬁd 84,39 dB, respec-
tively. The values reported by Summers for his normal speakers is sub-
stantially greaﬁer than th;t reported by Counihan and Pierce (8),

Hirano, Takeuchi, and Hiroto (18), or Richards (31). An examination of
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the instrumentation, calibration, and data collection procedures em—
~ployed across these studies fails to reveal the reason for this dis-
parity.

A review of those studies that have investigated nasal-"oral"
SPL difference measures for cleft palate and functionally nasal speakers
indicates that these measures tend to be larger than those ohtained for
normal-speaking subjects. Counihan and Pisrce (Q) studied a group of
forty cleft palate speakers who produced vowels, CUC syllables, and sen-—
tences at a constant vocal intensity level of 75 dB. They report a mean
nasal-"oral"™ SPL difference measure of 31.58 dB for vowels, 29.97 dB for
CVC syllables, and 32.43 dB for sentences.

Bryan (4) obtained nasal-"oral" SPL difference muasures for
twenty adolescent and adult cleft palate persons when they produced
vouels and sentences at a constant vocal intensity level of 75 dB. This
investigation found a mean nasal-"oral" SPL difference measure of 34.20
dB for the vuwgls‘and 35,91 dB for the sentences. In her investigation
of the reliability of the nasal-"oral" SPL difference measure, Richards
(31) reports a mean nasal-"oral” SPL difference measure of 33.25 dB for
vowels produced at an overall vocal intensity level of 75 dB by a group
of subjects with velar incompetency.

Weiss (43) employed the probe-tube microphone assembly in
studying nasal-"oral" SPL difference measures for fourtsen persons ex-
hibiting functional nasality and three persons presenting cleft palate
speech. He instructed his subjects to read a passage of connected
speech at an oral intensity level of 70 dB as "oral™ and nasal speech

signals were recorded separately but simultansously. This experimenter
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reports a mean nasal-"oral" SPL difference measure for his subjects of
33.10 dB.

The literature contains studies that have investigated the
possible existence of sex differences relating to mean nasal-"oral™ SPL
difference measures for various speech samples. Counihan and Pierce (8),
in their study of normal anu cleft palate spéakars, and Summers (41), in
his study of normal speakers, found no significant differences between
the female and male subjects in the obtained nasael-"oral™ SPL difference
measures for vomels. There is a trend, however, in each of these studies
toward greater mean nasal-"oral" SPL difference measuras for females than
for males. In both of these studies, the size of the difference betueen
the means for the sexes are inversely related to reported differences in
the relative powsr of female and male voices (11, 45). Interestingly,
Counihan and Pierce (§) did find a significantly greater mean nasal-
"oral™ SPL diffeience measure for female than for male subjects when
these measures were obtained for CVC syllables.

Ressarch efforts over the last two decades suggest that the mag-
nitude of the nasal-"oral" SPL difference measure varies according to the
vowel produced regardless of the size of the coupling of the oral and
nasal tracts. Counihan and Pierce (8) found that, in both their normal
and cleft palate speakers, the high vowels, which are produced in normal-
speaking subjects with a more complete velar seal, are associated with
greater mean nasal-"oral" SPL difference measures than the low vouwsels.
Essentially similar relationships among these vowel means for normal (8,
18, 41) and cleft palate subjects (4, 8) can be found in the literaturs.

In addition, Olson (29) and Ochsner (28) both found in their experiments
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wi th adjusfable speech appliances that their single subjects displayed
nreator moan nasal-"oral" SPL differenze measures for high vowels than
for low vouwels at all coupling areas.

There presently appears to be some evidence that the acoustic
features of vouwels are altered differentially by changes in nasal tract
coupling conditions. In a study of the acoustiec effects of nasalization,
Fant (15) examined the influence of four nasal tract coupling conditions
upon the spectra of four vowels, /i/, /e/, /a/, and /u/. 1Input impedan-
ces equal to velopharyngeal coupling area dimensions of 0,00 cmz, 0.16
cm2, 0.32 cm2, 0.65 cm2, and 2.6 cm? were used to evaluate the effects of
coupling. Fant found that increasing the area of the coupling introduces
spectral changes in the vowels including increases in formant band-width .
and the reduction of formant intensity, but the degree of change varies
accqrding to the vowel and the size of thz coupling. Generally, as the
area of coupling is increased, the intensity of the first formant de-
creases and the intensity level of the nasal output increases.

House and Stevens (12) report that the overall intensity level
of artificial vowels decreases as coupling of the oral and nasal cavities
is increased. 1In their electrical analog study, they employed five con-
ditions of velopharyngeal port opening, i.e., no coupling and velopharyn—-
geal port cross-sections of 0.25, 0,71, 1.68, and 3,72 em?, Specifi-
cally, the high vowels /i/ and /u/ demonstrate the weakest overall in-
tensity level, while the low vowels /a/, /2/, and /9/ evidence a rela-
tively greater loss of acoustic power as the extent of coupling is in-
creased. In addition, they found that the high vowels /i/ and /u/ are

more sensitive to small areas of opening than /2/ and /a/, uwhich are
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sounds that have more open vocal tract configurations.

Greater differences between mean nasal-"oral™ SPL difference
measures for the high vouwels and the low vowels appear to exist when the
area of coupling is large than when it is small. That is, present re-
search suggests that the meens for /i/ and /u/ exceed those for /m/ and
/a/ to a greater extent when the area of coupling is large than when it
is small. For example, Ochsner (28) designed an appliance for her sub-
Ject which contained five concentric aluminum rings within ths central
portion of its pharyngeal section. By removing one or more of the
rings, six coupliﬁg conditions of oral-nasal coupling, ranging from
.0000 cm? to .7850 cm? area of opening, could be produced. She ob-
tained a range of mean nasal-"oral"™ SPL difference measures fo: the
vowels /i/, /ﬁ/, /®/, and /a/ of 3.8 dB and 3,4 dB at her two smallest
coupling conditions across four intensity levels. Summers (51) and
Counihan and Pierce (8) report ranges among the vowel means of 3 dB and
3.8 dB, respectively, for their normal subjects. The means of the form-
er study were averaged over four intensity levels while the means of the
latter investigation were obtained at a single intensity level.

Schwartz (35) obtained measurements of relative intra-nasal
sound intensity for the vowels /i/, /1/, /E/, /®/, /a/, /3/, and /u/ for
female and male normal subjects when these subjects read an eight-sen-
tence list at a comfortable intensity level. A range of means for the
vowels sampled was determined by expressing the levels of all other
vouwels in relation to that of the least intenses vowel, /i/. Whan the
vowel means of the relative intra-nasal sound intensities were averaged

over both female and male subjects, the range of vowel means was
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approximately 4.0 dB. Interestingly, when the vowel means were analyzed
for sex differences, the female subjects showed a significantly greater
range of means (6.5 dB) than that of the males (2.2 dB).

Cleft palate speakers with presumably greater nasal tract coup-
ling present larger ranges of vowel means than normal speakers with
small coupling areas., Ochsner (28) found a range of vousl means of 6.6
dB for her single subject at the largest coupling condition (.7850 cmz)
across four intensity levels. Counihan and Pierce (g)'indicate that the
range of mean nasal-"oral" SPL difference measures for vowels praduced
at a single intensity lsvel (75 dB) by their cleft palate group was ap-
proximately 10 dB. Bryan (ﬁ) reports a vowel range of 6 dB and Richards
(31) a vouwel range of 8,3 dB for their respective cleft palate groups at
a constant vocal intensity level (75 dB).

It is suggested in the literature that nasal-"oral" SPL differ-
ence measures obtained for vowsls vary with changes in vocal intensity.
In 1955, Summers (31), utilizing the probe-tube microphone assembly, ex-—
plored the relatiﬁnship between nasal and "oral" sound pressure and
vocal intensity in a . group of male and female normal-speaking subjects.
His subjects phonated eight vowels at each of the four vocal intensity
levels 60, 7D,A70, and 90 dB SPL. He reports that as vocal intensity
was increased by his normal subjects from 57 to 84 dB8, the mean nasal-
"oral" SPL difference measure for the normal vowels decreased from 35 to
28 dB8. This represents a mean decrease of 7 dB in the nasal-"oral" SPL
difference measure with a 27 dB increase in "oral™ intensity. It also
can be detected from Summers®' data that greater nasal-"oral" SPL differ-

ence measures are found at the lower than at the higher "oral™ intensity
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levels.

An important aspsct of Ochsner's (28) recent study was her in-
vestigation of effects of controlled variations in oral and nasal tract
coupling and vocal intensity on nasal-"oral"™ sound pressura differences
measured 1n'foﬁr vowels produced by a single adult cleft palate spsaker.
The subject was required to phonate four vowels, /i/, /u/, /&/, end /a/
at each of four intensity levels, 70, 75, 80, and 85 dB SPL at each of
six coupling conditions of oral-nasal coupling ranging from .0000 cm2
to .7850 cm? area of coupling. For each item of the speech sample,
"oral" and nasai SPLs were obtained and the arithmetic diffsrence was
calculated between these twn measures. An analysis of Ochsner's data,
relative to the effects of intensity changes on nasal-"oral™ SPL differ—
ence measures for vowels, suggests that increments in "oral" intensity
result in decrenments in the nasal-"oral" SPL difference measurs when
means are averaged over all vowsls and coupling conditions. Specifi-
cally, the mean SPL difference for the controlled "oral" intensity
levels of 70, 75, 80, and 85 dB were 41.7, 36.7, 34.0, and 30.8 dB, re-
spectively. It may be seen from these data that the greatest decrease
(5.0 dB) in the nasal-"oral®™ SPL difference measure occurred betwsen 70
and 75 dB, followed by that between 75 and 80 dB, 2.6 dB, and between
80 and 85 dB, 3.2 dB.

Ochsner (28) also found that increments in "oral" intensity are
associated with greater decrements in the nasal-"oral" SPL difference
measure when the area of coupling is large than when it is small. At
coupling conditions I (.0000 cmZ) and II (.0314 cm?), which were the two

smallest coupling areas, a 2,7 dB and a 7.3 d3 decreass in the nasal-
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"oral" SPL difference were obtained with a 15 dB increase in "oral" in-
tensity. The same increment in "oral" intensity resulted in decreases

of 14, 13.7, 14.3, and 13.6 dB in the nasal-"oral" SPL difference mea-

sure as the area of coupling was increased to .1261, .2827, .5036, and

. 7850 cmz, respectively.

. In spite of the increased amount of data relative to nasal-
"oral"™ sound pressure difference measures there remain some unanswered
questions. Differences in design of the studies that have been conduc-
ted 1imit the scope of comparisons and interrelationships that might be
drawn. Some studies (18, 41) have employed normal subjects alone while
other studies (4, 5;) have used only cleft palate or functionally nasal
subjects. In studies that have used matched groups of normal and cleft
palate speakers, data was obtained only at one uniform vocal intensity
level. If the relationships of vocal intensity variations and nasal-
"oral™ SPL difference measures are to be clearly understoad, additional
data is needed. The only data extant concerning this relationship in
cleft palate speakers has been derived from data obtained by Ochsner
(28) for a single cleft palate male subject who produced vowsl samples
under a variety of conditions of nasal tract coupling at specified vocal
intensity levels. The extent to which one can extrapolate from ths
Ochsner data to the performance of groups of both female and male cleft
palate speakers with velar incompetencies, at this point, is unknouwn.
Therefore, it seems important that the relationship between vocal inten-
sity variations and the nasal-"oral" SPL difference measure be examined
under conditions where the data for normal and cleft palate speakers can

be compared in performance of ths same experimental task, including
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identical speech samples and vocal intensity lsesvels; using procedures
and instrumentation that are identical; and a subject sample that is
matched according to age and sex. It is the purpose of the present

study to explore this relationship under such conditions.



CHAPTER III
DESIGN OF THE INVESTIGATION -

The purpose of this study was to investigate nasal-"oral"1 SpL

difference measures? of four selected vouels produced at four different

intensity levels by groups of normal speakers and by cleft palate sub-

Jects with velopharyngeal incompetency.

1.

2.

3.

Specifically, the following research questions were asked:

Uhat differences in nasal-"oral"™ SPL difference measures
exist between the normal-speaking and cleft palate groups

in the production of each of the vowels: /i/, /u/, /=/,
and /a/%

What differences in nasal-"oral" SPL difference measures
of these vouwels exist between normal-speaking and cleft

palate groups when the data are analyzed according to
the sex of the subjects?

Are these differences in nasal-"oral®" SPL difference mea-

sures, if present, similar at each of the four intensity
levels used in this study?

Sub jects

An experimental group of sixteen cleft palate persons, eight

1The so-called "oral" speech signal was recorded in front of

the lips and, consequently, contained components of both the oral and
nasal signals. However, in this investigation this "overall" speech

signal was termed the "oral"™ speech signal to differentiate it from the
signal emitted from the nasal cavity.

2Nasal-"oral" SPL difference measure refaers to the arithmetic

difference expressed in decibels between the nasal sound pressure level
and the "oral" sound pressure level.

20
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male and eight female, was selected to serve as subjects in this in-
vestigation. A control group of sixteen normal-speaking subjects was
matched to the cleft palate sample in age and sex. Each normal-speaking
suhject was within one year of age of the cleft palate subject to whom
he was matched. All experimental subjects were required to exhibit
velopharyngeal 1ncompatancy but no restrictions were established rela-
tive to the extent or type of cleft or manner of operative repair. Some
of the cleft palate subjects retained in this experiment wore spzech ap-
pliances. With theses subjects, all data was obtained with the appliance
removed. In evaluating velopharyngeal competency, oral breath-pressure
ratios were obtained for all cleft palate subjects using an oral mano-
meter (Hunter, Model 360) and following the procedure suggested by
Spriestersbach and Powers (33). For purposes of this investigation, each
experimental subject was required to attain a mean breath-pressure ratio
less than .75. This procedure was followed in that Shelton, Bankson,
and Brooks (37) have reported that persons with essentially normal velo-
pharyngeal closure may achieve mean ratios as low as .BQ.

Only those subjects who demonstrated sufficient ability to per-
form the experiﬁéntal task of producing and sustaining each of four iso-
lated vowels for a four-sscond interval at specified intensities were
included in the study. In addition, all subjects were required to pass
audiometric scréening at 20 dB re. ANSI for the octave intervals 500,

1000, and 2000 Hz, at least unilaterally.

Spesch Sample

The speech sample employed in this study consisted of four iso-

lated vowels: /i/, /u/, /®/, and /a/ each sustained for four seconds at
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each of four intensities. These four vowels were chosen because they
differ in degree of velar valving (gg), relative acoustic power (QJ a3,
24, 33, 34), tongue height and placement within the oral cavity (44),
and judged degree of perceived nasality (ZE! ig). In addition, recent
studies have indicated that some of these individual vowels present a
greater mean nasal-"oral" SPL difference measure than do others (53 8,

28, 29, 31).

The Intensity Levels

The four controlled intensity levels utilized in this study
included 70, 75, 80, and 85 dB re .0002 dyne/cm2 and were selected be-
cause they represented a range of intensities from "normal" to "very

loud" speech (15).

Instrumentation

The instrumentation used in data collection in this study in-
cluded a signal system to guide the subject in the experimental task,
an audio-recording system for the nasal and oral signals, and a graphic-
recording-system to display the intensity of the nasal and "oral" speach

signals.

Description

The Signal System. An electro-mechanical cam timer which was

activated by the experimenter, controlled the illumination of panel
lights used to signal subjects to begin and terminate test vowel phona-
tion. The cycling of the signal system was established for predeter-~
mined time intervals.

The Audio-Recording System. The audio-recording system used
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in this study permifted the separate, but simultaneous, recording of
each subject's "oral" speech sample, with a microphone placed approxi-
mately eight inches from the lips, and the nasal signal, using a probe-
tube microphone inserted into the subject's nostril. The components of
the audio system consisted of: (a) two one-half inch condenser micro-
phone cartridges (Bruel and Kjaer, Type 4134), one of which was equipped
with a probe-tube (Bruel and Kjaer Probe Microphone Kit, Type Ua 0040);
(b) two cathode-followers (Bruel and Kjaer, Type 2615); (c) two micro-
phone amplifiers (Bruel and Kjaer, Type 2603); and (d) a dual-channel
magnetic tape.recorder (Ampex Model AG 440).

The condenser microphone cartridges were designed for precise
sound pressure measurements under sound field conditions and were cali-
brated by the manufacturer to have a flat frequency response within
% 2 d8 from 20 to 20,000 Hz. In order to evaluate their agreement with
the manufacturer's specifications, frequency responses for the two
microphones were obtained before and after the data collecting sessions.
While origirally identical, each microphone cartridge was modified
slightly to adapt it to the experimental task. The oral microphone was
equipped with a protective grid which, according to the manufacturer's
specifications, does not significantly change the frequency response of
the microphone‘belom 15,000 Hz when the microphone is positioned at a
90° angle of incidence to the sound source (20). The modification of
the nasal microphone involved the addition of an adapter and probe-
tube. Because the addition of a probe-tube to the nasal microphone re-
sults in significant high frequency damping, an equalizing filter was

employed to improve the frequency responss. To further decreasse the
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effect of thes high frequency damping, steel wool was insertsed into the
probe-tube. The stainless steel probe-tube was one millimeter in ex-
ternal diameter, six-tenths millimeter in internal diamster, and mea-
sured thres inches in length from the tip of the adapter. The dimension
of the outer diameter permitted ths probe-tube to be positioned in the
nasal cavity without touching the columella or ala and without signifi-
cantly altering the sound pressurs level in the nasal cavity (1, 2).
According to the manufacturer's calibration (20), the thickness of the
probe-tube wall, two-tenths millimeter, was sufficient to provide a
signal-to-noise ratio of 44 dB from 100 to 5000 Hz. 1In addition, the
three-inch length of the probe-tube allowed the placement of the nasal
microphone cartridge and cathode-followsr out of the path of the orally
emitted speech signal, thus eliminating a possible source of signal con-
tamination. The probe-tube length was maintained as short as possible
to insure its sensitivity (2). Two such probe-tubes were utilized in
this investigation. The preparation of a second probe-tube was necessi-
tated after the original was irreparably damaged by a subject during the
data collection,

In assembly, the probe-tube adapter and the nasal microphone
cartridge were connected after which the probe-tube itself was force-
fitted into the adapter so that an acoustically-tight seal was achieved
at each of these two connections. The condensef microphone cartridges
of both the nasal and "oral® recording systems were attached to cathode
followers which served as impedence-matching devices for the high output
impedance of the microphone cartridges and the low input.impadance of

the succeeding microphone amplifiers. The microphone amplifiers were
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designed to amplify voltages with a potential gain of 100 dB and provided
essentially linear f?equency responses. - The combined assembly of the
amplifiers with the condenser microphone and their cathode followers
functioned as a precision sound level meter, indicating sound pressure in
decibels re ,0002 dyne/cm2 (22). The nasal microphone was equipped with
a filter consisting of a .DZ—micrﬁfarad condenser in parallel with a
33,000-ohm resistor, both of which were placed in series with a 1,500-ohm
resistor. This filter wa~ employed to compensate for the high frequency
damping of each of the probe-tubes and resulted in a flat response from
the nasal microphone within *3 dB from 100 to 4800 Hz and £3 dB from
100 to 4700 Hz for the first and second probe-tubes, respectively.

A dual-channel tape recorder which was matchad for impedence
with the microphone amplifiers was used to record simultaneously the
"oral"” and nasal speech signals. Uhen operated at a speed of 7.5 ips,
the tape recorder presents a frequency response of X2 dB from 40 to
12000 Hz. This frequency response was verified at the beginning and end
of data collection. Just prior to the initiation of each recording ses-
sion, the "record" and "reproduce” potentiometer settings were adjusted
with a white noise of known intensity so that a 20-dB deflection on the
microphone amplifier voltmeter would peak the recorder VU meter at 0 dS8.

The Graphic Recording System. The nasal and "oral" signals

were reproduced by the dual-channel tape recorder for later introduction
into a graphic level recorder. The Bruel and Kjaer, Type 2334 graphic
level recorder employed in this investigation, records signal level
variations as a function of time within a frequency range of 20 to 20000

Hz. A 20-dB input potentiometer was used with the level recorder and



26
was reported by the manufacturer to be accurate ¥5 dB within a 20-20000

Hz frequency range (21).

Calibration

Nasal Microphone. The "oral"™ microphone and its amplifying

system was used as a reference in the calibration of the nasal probe-
tube microphone and amplifying system. The "oral" microphone, as cali-
brated by the manufacturer, is flat within %2 dB from 20 to 20000 Hz and,
when used with its associated microphone amplifier, can be employed as a
precision sound level meter. The reference "oral" microphone was posi-
tioned at a 90° angle of incidence at a distance of ons inch from an am-
plifier-speaker (Ampex, Model 620) in an acoustically isolated room. The
nasal probe-tube microphone was placed at an angle of aspproximately 450,
one-fourth inch above the grid of the reference microphone. A pure-tone
audio oscillator (Hewlett Packard Model 200 ABR) was used to drive the
amplifier—spaaker; producing a tone of 100 dB SPL on the reference micro-
phone amplifier voltmeter. At the same time, the response of the nasal

~ prabe~tube microphone was indicated and read from the voltmeter of its
assoclated amplifier. Readings were taken at 100-Hz intervals from 100
through 5000 Hz and at 1,000-Hz intervals from 100 through 5000 Hz and
at j,UOU-Hz intervals from that point to 10000 Hz. The fregquency
response of the first nasal microphone was found to ba.essantially flat
to 4800 Hz while the second nasal microphone was aessentially flat to
4700 Hz. 1In order to obtain a single value representing the attenuation
introduced by each probe-tube and accompanying equalizing filter, the
means of the sound pressure measurements from 100 to 4800 Hz for the

first probe~tube and 100 to 4700 Hz for the second probe, were computed
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and subtracted from the intensity level of the reference sound at the
oral microphone as measured on its associated amplifier voltmeter. The
derived mean attenuation was apprdximately 32,5 dB and 35.0 dB for the
first and second probe-tubes, respectively. The response curves of the
first nasal micrqphone and uncompensated and combansatad probe-tube are
shown in Figures 1 and 2, respectively. The response curves of the
second nasal mibrophone and uncompensated and compensated probe-tube
closely resembled that of thé first probe-~tubse.

Graphic Level Recorder. The calibration of the graphic level

recorder also was accomplished by using the "oral" microphons and its
amplifier as a reference. Utilizing white noise as a sound source, it
was determined that 5-dB increments in noise as measured on the micro-
phone amplifier voltmeter resulted in 5-dB increments on the chart paper

of the graphic level recorder.

Procedures
Recording Procedures

All speech samples were recorded in an acoustically-isolated,
two-room testing suite with a low ambisiit noise level at the University
of Oklahoma Medical Center's Speech and Hearing Center.

The test room contained the subject's chair, the two condenser
microphones m;th their respective cathode followers, a table on which
the "oral" and nasal microphone amplifiers were placed, a rack which
held the speech sample cards, and the lights of the signal system which
indicated to the subject the beginning and end of the four-second phona-
tion period for.the vowel sounds. The "oral"” microphﬁne and its cathode
follower were fastened to a movable stand while the nasal microphone and

its cathode follover were positioned on an adjustable, well-mounted arm.
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The control room housed the dual-channel magnetic tape recorder, and a
cam timer which provided ths control for a test room signal light.

Each suﬁject was familiarized with the experimental procedure
and then seated in an examination chair. The chair, equipped with an
ad justable back and headrest, was adjusted for appropriate height, in-
clination of the.back, and position of the headrest so that the sub-
ject's position was suitable for placement of the probe-tubas. The sub-
Ject's head was stabilized during data collection by means of an elastic
head-band placed around the subject's head and the chair's headrest.
The "oral" microphone amplifier was placed immediately in front of the
subject on a small table, The subject was asked to observe the volt-
-meter of the "oral" microphone amplifier for purposes of monitoring the
intensity level of his phonation. The signal lights were mounted on the
top surface of the "oral" microphone amplifier and consisted of an amber—
colored light of one-second duration which indicated to the subject that
he should prepare for phonation and a four-second red signal light which
remained lighted during the time the subject was to sustain his phona-
tion. As indicated earlier, this signal light system was operated by a
cam timer and was under the experimentser's control.

In this investigation, each of four isolated vouwels /i/, /u/,
/e/, and /a/, was recorded at each of four intensity. levels, 70, 75, 80,
and 85 dB SPL. The vowel to be phonated was displayed on a printed card
as it appears in some common word. The subject was directed to produce
only the underlined vowel in each printed word. UWhen the subject was
familarized with the speech material, he practiced phonating each vouwel

at each of the four intensities after the investigator while he monitored
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these intensities on the voltmeter of the "oral® microphone amplifier.
ODuring this practice period, the attenuator settings on the nasal micro-
phone's amplifier were adjusted so that the nasal spsech signal was ac-
commodated within the 20-dB range of the amplifier's Vu meter.

Uhen the subject demonstrated the ability to successfully per—
form the experimental task under practice conditions, actual data gath-
ering was undertaken using the same procedures. The order of presenta—
tion of each vowel at each intensity was determined by a randomization

procedure using a table of random numbers.

Measurement Procedures

The tape-recorded nasal and "oral" speech signals were intro-
duced separately into a powsr level recorder which supplied a graphic
represantation of the amplitude variations of the two signals. The
level recorder was ~perated at a chart-paper speed of 30 millimeters
per second and a writing speed of 300 millimeters per second. These
speeds are fast énough to provide adequate resolving power for the in-
tensity of the signal without the writing stylus's momentum causing the
stylus to ouershoot. The chart-paper (Bruel and Kjasr, QP 2350) of the
graphic level recorder was designed for use with the 50-dB logarithmic
potentiometer. This paper is two and one-half inches in width, and
ruled in ten equal intervals with each interval corresponding to 5 dB,
thus allowing a recording range of 50 dB.

At the beginning of each recording session and with sach new
tape, a white noise of a specified sound pressure level was introduced
into the "oral” and nasal channels of the taps recorder. This noise

signal supplied a reference bass on the graphic level recorder tracings
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which permitted‘measurements of the recorded vowels in decibels re
.0002 dyna/cmz.

In order to determine the sound pressure level of each vouwel
for the four intensity levels, the amplitude displacement for each vouwel
at each intensity level was measured at three points 15 millimeters
apart in the center of the steady-state portion of the sustained vouwel,
and a mean amplitude displacement was calculated. A correction in this
derived mean value was then made in decibels for ths amount of attenua-
tion of the amplifier settings. Two independent measurements of the
"gral" and nasal tracings for each of the vowels phonated at each of the
four intensities were made. If any discrepancies between the first and
second measurses appeared, a third measurement was made. The nasal and
"oral" sound.pressura levels and the arithmetic differences of the nasal
and "oral" sound pressure levels then were computed for sach vowsel and

expressed in decibels.



CHAPTER IV
RESULTS AND DISCUSSION

This study was designed to investigate nasal-"oral” sound pres-
sure differences of four selected vowsls produced at four different in-
tensity levels by a group of normal speakers and by a group of cleft
palate speakers with velopharyngeal incompetency. Sixteen cleft palate
sub jects, aight fémale and eight male, and sixteen normal-speaking sub-
Jects matched to them with respect to age and sex, sustained the vouwels
/i/y /u/, /®/, and /a/ at intensity levels of 70, 75, 80, and 85 d8 SPL
at a muuth-to-microphone distance of eight inches. Each vowel was re-
corded by means of a high-fidelity recording system and introduced into
an instrumental assembly, previously described, which permitted the
measurement of "oral" (overall) and nasal sound pressure levels for each
vowel at each intensity level. The arithmetic difference between the
nasal and "oral™ sound pressurs lsvels was obtained for sach vowel and
these difference measures provided the quantitative acoustic data of
this study.

For purposes of evaluating the experimental data, an overall
analysis of variance with factorial arrangement of treatments was uti-
lized in which the factors were condition (cleft palate or normal), sex,
vowels, and intensity. A significance level of .05 was selected for

33
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this investigation.

The results of the overall analysis of variance of the nasal-
"oral® SPL difference measure data are summarized in Table 1. Examina-
tion of this table reveals that the condition, vowel, and intensity main
effects as well as condition-by-vowel and condition-by-intensity inter-
actions are significant. All other main effects and interactions are
not significant.

As a supplementary statistical analysis, individual anpalyses of
variance were performed to examine the simple effects occurring within
each condition-sex group. The results of these supplementary analyses
of variance presented in Table 2 and Table 3 show that within each sub-
ject group, as with the overall analysis of variance, the vowel-by-
intensity interaction is not significant. Therefore, in the interpreta-
tion of the analysis for each group, interest is focused on vowel and
intensity simple effects. Examination of the simple effects shown in
Tables 2 and 3 reveals that vouwel simple effects are significant for the
female and male cleft palate subject groups but not for the female and
male normal subject groups. The intensity simple effects are signifi-
cant for all subject groups.

For purposes of discussion, the findings of the study will be
presented in four sections: (a) findings related to conditions, in-
cluding the condition and sex main effects and the condition-by-sex in-
teraction as shown in the overall analysis of variance; (b) findings re-
lated to vowels, including the vowel main effect and appropriate vowel
interactions§ (c) findings related to intensity, including the intensity

main effect and appropriate intensity interactions; and (d) a discussion
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TABLE 1

SUMMARY OF THE OVERALL ANALYSIS OF VARIANCE FOR

NASAL-"ORAL" SPL DIFFERENCE MEASURE

Source | df ms F
Condition (A) 1 13845.2266 6.025
Sex (B) 1 4,5940 < 1
AB 1 218.6678 < 1
Sub jects (C)/AB 28 229,7780

Vowels (D) 3 622.6240 22.23
AD 3 105.0356 3.75
8D 3 50.6781 1.81
ABD 3 55,7751 1.99
cD/AB 84 28,0074

Intensity (E) 3 788.9708 82.43
AE 3 53.2214 5.56
BE 3 8.4679 <1
ABE 3 2.3499 < 1
CE/AB 84 9.5709

DE 9 4.3303 < 1
ADE .9 3.7619 < 1
BDE 9 1.7445 < 1
ABDE 9 5.0532 <1
CDZ/AB 252 7.8838

8 - < ,05
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TABLE 2

SUMMARY OF THE ANALYSIS OF VARIANCE FOR NORMAL
FEMALE AND MALE SUBJECT GROUPS

Source df ms F

Normal Female Subject Group

Vowsl (A) 3 78.1945 2,73
Intensity (B) 3 360.7199 22,04,
RAB 9 2,7868 <1

Normal Male Subject Group

Vowal (A) 3 95,6300 1.79
Intensity (B) 3 261.4373 42.814
AB 9 4.4670 < 1
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TABLE 3

' SUMMARY OF THE ANALYSIS OF VARIANCE FOR CLEFT
PALATE FEMALE AND MALE SUBJECT GROUPS

Source df ms F

Cleft Palate :
Female Subject Group

Vowsl (A) 3 549,5115 49.33,
Intensity (B) 3 123.7466 16.99,
AB 9 4.1686 <1

Claft Palate
Male Subject Group

Vowel (A) 3 110.7414 5.85,
Intensity (B) 3 107.0694 12.55,
AB ' 9 3.4794 < 1

ap = < 05
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of the results of the study. Use of the supplementary analysis of vari-
ance for each group of cleft palate and normal subjects will be made
where appropriate to further interpret the data of this experiment.

To facilitate the presentation of results, the "oral" (overall)
intensity levals at which each vowel was produced, 70, 75, 80, and 85 dB
SPL, will bz designated Intensity Levels I, 11, II1, and 1V, respective-
ly. The terms "SPL difference measurs™ or "SPL difference" will be used
to refer to the arithmetic difference between nasal and "oral” sound

pressure levels.

~ Conditions

Ons of the purposes of the present investigation was to deter-
mine if variations in SPL difference measures exist between normal
speakers and cleft palate speaskers. Table 1, showing the overall analy-
sis of variance, reveals that the condition main effect is significant.
These data are displayed in Figure 3. Figure 3 graphically illustrates
that the cleft palate group exhibits a 10.4 dB greater mean SPL differ-
ence measure than the normal group. The specific means, averaged over
all sexes, vowels, and intensity levels, are 34.6 dB for thé cleft
palate group and 24.2 dB for the normal subjects. The size of the dif-
ference between the means for these normal and cleft palate subjects may
be considered 1érga from the standpoint of acoustic power.

Inspaection of Table 1 also shows that the séx main effect is
not significant. Examination of the data involved in this main effect
shous that the female subjects display a mean SPL difference measure of
29.50 dB; the males show a mean SPL difference of 29.31. Thus, it may

be seen readily that the means for the two sexes are very similar. From
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these data and the statistical analysis, it seems reasonable to conclude
that the means for the two sexes do not differ significantly.

Consistent with the findings of the sex main effect is the lack
of a significant condition-by-sex interaction. Specifically, the normal
female and male groups exhibit a mean SPL difference meagure across
vowels and intensity levels of 24.95 dB and 23.45 dB; reépectively;
while thse cleft.palate female and male subjects present a mean SPL dif-
ference measure of 34.04 dB and 35.16 dB, respectively. These findings
indicate that the mean SPL difference found for normal and cleft palate
groups do not vary significantly for the sexes within.each condition
group. Thus, the differences fdund between these cleft palate and nor—
mal groups of spesakers can be expected to be similar for male and fe-
males witnin each group.

On the basis of analyses of the condition and sex main effects
and interaction, it appears that cleft palate subjects in this study
present signifieantly greater mean SPL differences in vowel production
than the normal subjects studied. Further, the differences found be-
tween these subjéqt gr6Ups do not vary significantly for female and male

subjects within each group.

Vowels
The data involved in the significant vowel main effect detected
by the overall analysis of variance are displayed graphically in Figure
4, Figure 4 shows that the mean SPL difference is greatest for the
vowsl /i/, 32.24 dB, followed in order by those for /u/, 30.24 dB, /@/,
27.95 dB, and /a/, 27.39 dB. These means are averaged over all condi-

tions, sexes, and intensity levels. The presence of a'significant vowel
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main effect indicates that the four vowels studied differ with respsct

to the SPL difference measures. The plot of means in Figure 4 suggests
“that the high vowels /i/ and /u/ are associated with somewhat greater
SPL differences than the low vowels /&/ and /a/.

The presence of a significant condition-by-vowel interaction
limits interpretation of the vowsl main effect by indicating that the
differences among the vowel means differ for the normal and cleft palate -
speakers. The means involved in this interaction, averaged over sexes
and intensity levels, are plotted in Figure 5. Figure 5 reveals that,
for normal subjects, the greatest mean SPL difference occurs for /i/,
26.42, followed in order by those for /u/, 23.90 dB, /=/, 23.70 dB, and
/a/, 22.78 dB. For the cleft palate subjects, the greatest mean SPL
difference is seen for /i/, 38.05, followed in order by means for /fu/,
36.14 d8, /=/, 32.21 dB, and /a/, 32.0 dB. While the plot of means in
Figure 5 shows that the order of the vowel means is the same for the
normal and cleft palate subjects, the range of the means is consider-
ably greater for the cleft palate than for the normal subjects. Spe-
cificelly, the range of means for the normal speakers is 3,64 dB; for
the cleft palate speakers, the range is 6.05 dB. Figure 5 also shows
a difference in the pattern of vowel means between normal and cleft
palate speakers. For the cleft palate subjects, the means for both
high vowels, /i/ and /u/, are seen to exceed substantially those for
/@/ and /a/.- UWhile the mean for /i/ is again the greatest for. the
normal speakers, the differences among the means for the vowels /u/,
/e/, and /a/ are extremely small.

The supplementary analyses of variance, displayed in Tables 2
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and 3, show that while the vowel simple effect is significant for both

male and femals cleft palate speakers, the vowel effect is not signifi-
cant for either male or female normals. Thus, the significant condi-—~
tion-by-vowel interaction detected by the overall analysis of variancs
appears to result from thes presence of significant vowel differences
for the cleft palate speakers and the absence of such differences for
the normals.

It may be noted here that differences bstween the mean SPL dif-
ference measures for the normal and cleft palate speakers, previously
shown in the condition main effect, varies as a function of the vowel
produced. For example, the difference between the two subject groups
for /i/ is 11,63 dB; for /u/, 12.24 d8; for /m/, 8.51 dB; and for /a/,
9.22 dB. These data suggest that greater differences between the means
for cleft palate and normal speakers exist in the production of high
than of low vouwsels.

While the overall analysis of variance failed to reveal a sig-
nificant condition-by-sex-by-vowsl interaction, the trends within this
interaction are of some interest and may be useful in understending the
condition-by-vowel interaction. The means involved in this interaction,
averagad over all intensity levels, are plotted in Figuré 6. Specific-
ally, for cleft.palata females, the greatest mean SPL difference measure
occurs for /i/, 38.64 dB, followsd by those for /u/, 36.45 dB, /a/,
30.63 dB and /®/, 30.45 dB. For normal-speaking female subjects, the
graafest mean SPL difference measure is seen for /i/, 27.28 dB, followed
by that for /u/, 24.34 dB, /a/, 24.22 dB, and /&/, 23,95 dB. For cleft

palate males, the greatest mean SPL difference occurs for /i/, 37.47 dB,
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followed by those for /u/, 35.83 dB, /=/, 33.97 dB, and /ao/, 33.37 dB.
For normal males, the greatest mean SPL difference measure is seen for
/i/, 25.58 dB, followed by those for /u/, 23.45 dB, /e/, 23.44 dB, and
/a/, 21.34 dB,

It may be seen from Figure 6 that the range of vowel means for
the cleft palate female subjects, 8.19 dB, substantially exceads that
for cleft palate males, 4.10 dB, normal males, 4.24 dB, or normal fe-
males, 3.33 dB. 1t would appear from these data that the difference in
mean SPL measures between high and low vowels, seen for cleft palate
speakers in the condition-by-vowel interaction, is attributable to a
significant degree to the performance of the cleft palate female speak-—
ers. Interestingly, the pattern of vowel means for the cleft palate
males more nearly resembles the pattern seen for the normal male and fe-
male speakers. It is possible, that, were larger samples of speakers
employed in this study, a significant condition-by-sex-by-vowel inter-

action might have been obtained. This relationship deserves further

study.

Intensity Levels

Figure 7 preéents a plot of the means involved in the signifi-
cant intensity main effect detected by the overall analysis of vari-
~ance. This Figure shows that, averaged across conditions, sexes, and
vouwels, the mean SPL difference measure for each of the four intensity
levels is 32,30 dB, 30.41 dB, 28.29 dB, and 26.60 dB for Intensity
Levels 1 (70 dB), II (75 dB), III (80 dB), and IV (85 dB) respactively.
These data suggest that the mean SPL difference measure varies as a

function of vocal intensity level. The data show that a consistent
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decrease in the mean SPL difference is associated with each 5 dB incre-
ment in vocal intensity from 70 to 85 dB SPL. Thse amount of decrease

in the mean SPL difference measure is similar between each succeséive
Intensity.Levelz 1.89 dB between Intensity Levels I and II, 2.12 dB be-
tween Intensity Levels II and III, and 1.69 dB between Intensity Levels
III and IV.

The presence of a significant condition-by-intensity inter-
action indicates that the effects of vocal intensity level on the SPL
difference measure, cited above, differs for the normal and cleft palate
speakers. Means involved in this intesraction averaged over all.sexes
and vouwels, are displayed in Figure 8. Inspection of the means in Fig-
ure 8 shows that the mean SPL difference measure of the cleft palate
subjects at Intensity Level I is 36.63 dB; at Intensity Level 1I, 35,50
dB; at Intensity Level II1I, 33.96 dB; and at Intensity Level IV, 32,31
dB. The mean of the normal subjects at Intensity Level 1 is 27.97 dB;
at Intensity Level 1I, 25.32 dB; at Intensity level 111, 22.63 dB; and
at Intensity Level 1V, 20.89 dB. |

It may be seen that while both groups of subjerts avidence a
decrease in the SPL difference measure with each 5 dB increment in vocal
intensity, the amount of decreass is not the same for each group. The
normal subjects, for example, show a decrease in the mean SPL differ—
ence measure nf 2,65 dB between Inteneity Levels I and 11, 2,69 between
Intensity Levels II and IlI, and 1.74 between Intensity Levels III and
IV. Tha cleft paiate subjects evidence a decrease in the mean SPL dif-
ference measurs of 1.13 dB between Intensity Levels I and II, 1.54 dB

between Intensity Levels II and III, and 1.65 dB between Interisity
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Levels III and IV. From the lowest to the highest intensity levels, the
decrease in the mean SPL difference measure for the normal subjects is
7.08 dB. For tha‘cleft palate subjects, this decrease is 4.32 dB.

The supplementary analysis of variance, displayed in Tables 2
and 3, show fhat the intensity simple effect is significant for both
male and female cleft palate and normal speakers. This indicates that
not only is there a significant intensity effect on the SPL difference
measure between the normal and cleft palate groups, but there is also a
significant intensity effect for both male and female subjects within
each group.

Inspection of Figurs 8 further shows that the differences be-
tween the mean SP! measures for normal and cleft palate speakers, pre-
viously shown in the condition mcin effect, obtain at each of the four
intensity levels in this study. It may be seen that at sach intensity
level, the mean SPL difference for the cleft palate speakers substan-
tially exceeds that for normals. These intergroup differences amount to
8.66 dB at Intensity Level 1, 10.18 dB at Intensity Level II, 11.33 dB
at Intensity Lsvel III, and 11.42 dB at Intensity Level IV. Thus, the

intergroup differences increase as vocal intensity level is increased.

Discussion
The findings of the present study show that the magnitude of
the mean nasal-"oral" SPL difference measure differs significantly for
the normal and cleft palate speakers. The means obtained in the present
study are similar to those obtained in other studies of the SPL differ-
ence measure in which the subject and vowel samples, instrumentation,

and experimental procedures are directly comparable. For instance,
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Bryan (4), Counihan and Pierce (8), and Richards (31) utilized a highly
similar apparatus and procedure to study SPL differences in production
of isolated vowels by either normal and/or cleft -palate speakers at a
single vocal iﬁtensity level (75 dB SPL). If the present data at the
75 dB level are compared with the findings of these studies, similar re-
lationships are seen to obtain. For instance, Richards (§1) and Couni~
han and Pierce'(g) report mean SPL differences for their normal-speaking
groups of 28.85 dB and 22.0 dB, respectively. In the present investiga-
tion, the mean SPL difference found for normal speakers at the 75 dB
lsvel is 25.32 dB. In their study of cleft palate speakers, Bryan (4)
and Counihan and Pierce (8) report mean SPL differences of 34.2 dB and
32.0 dB, respectively. Richards (31) reports a mean SPL difference of
33.25 dB for cleft palate subjects with presumed velopharyngeal inade-
quacy. These means may be compared with the mean SPL difference of
35.50 dB obtained for the present cleft palate group at the 75 dB level.
Considering the differences in subject sample size and the expected
heterogeneity nf the subject samples studied, these data would appear
to be in reasonably close agreement.

The present data for normal speakers is also generally cormpati-
ble with mean SPL differences reported by Hirano, Takeuchi, and Hiroto
(12) who studied normal Japanese vowels in a variety of consonant con-
texts. The mean SPL difference, calculated from raw data presented by
these investigators (excluding data for vowels in nasal consonant con-
texts), is 23.59 dB. This mean is well within the range of means for
normal vowelé reported above. WQiés (gg), investigating SPL differences

for hypernasal speakers, including some cleft palate subjects, reports a
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mean SPL difference of 33.10 dB for this subject group. This mean is
similar to those obtained for cleft palate subject groups reported
previously. Summers (41), however, using the same apparatus employed by
Weiss (43), studied vowels produced by normal speakers at four vocal in-
tensity levels (from 58 dB to 84 dB SPL). He found a mean SPL differ—
ence, over all intensity levels, of 33.0 dB. This mean, it may be seen,
is similar to thgt obtained across all intensity levels for the cleft
palate group in the present investigation and to that obtained by Weiss
for hypernasal speakers (43).

The reasons for the relatively high mean values reported by
Summers for normal speakers are not immediately apparent. In any case,
the weight of the data across studies suggests that mean SPL differences
obtained for groups of cleft palate subjects tend to be substantially
greater than those obtained for gqroups of normal sub jects.

Comparisons of the differences between the means for normal and
cleft palate groups suggest that differences of the magnitude of 4 to 10
dB may be expected when such groups are compared. In the present study
and that of Counihan and Pierce (g), intergroup differences approximate
10 dB. Richards (31) reports an intergroup difference of 4 dB and Shel-
ton, Knox, Arndt, and Albert (gg), comparing mean SPL differences for
the same fifteen cleft palate speakers with and without obturators in
place, report an intergroup difference of 6 dB.

That cleft palate and normal groups should differ with respect
to the SPL difference measure might be expected on the basis of studies
employing single subjects with specified and controlled increments in

nasal tract coupling area. It will be recalled that Olson (29) found a
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rank correlation (Kendall Tau) of 1.0 between nasal-"oral™ SPL difference
measures and size of the naso-pharyngeal aperture when he employed a
single normal subject who wore a speech appliance ﬁith a variable nasal
orifice. Through the use of a similar experimental speech appliance
which permitted controlled variations in the degree of oral-nasal coup-
ling with a single, male cleft palate subject, Ochsner (25) found syste-
matic increases in the nasal SPL and SPL difference measure with increa-
ses in the size of the nasal aperture. 0On the basis of the present data,
it would appear reasonable to spaculate that the SPL difference measure
is sensitive to oral-nasal tract coupling and that this acoustic measure
may be useful in discriminating speakers with abnﬁrmally large velo-
phéryngeal openings from those with small velopharyngeal apertures.

The present ipvestigation shows that the sex main effect and all
sex interactions are not significant. This suggdéts that the findings of
the condition, vowsel, and intensity main effects and interactions do not
vary significantlyAfor female and male subjects. The absence of a sig-—
nificant sex main effect or interaction is consistent with fin&ings of
other investigations of SPL differences. Counihan and Pierce (8) in
their study of normal and cleft palate speakers, and Summers (51) in his
investigation of normal speakers found similar nonsignificant sex main
effects and interactions. It is of interest that both investigators, on
examining trends within their data, noted somewhat greater mean SPL dif-
ferences for famales than for males, approximating 3 dB. This pattern
was not obsusrved in the present study. Female subjects, across condi-
tions, vowels, and intensities, display a mean SPL difference measure of

29,50 dB whiie the males show a mean SPL difference of 29.31 dB. Thus,
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if nreater SPL difference measures exist consistently for female than
for male spaakers; it is not demonstrated in the present investigation.

The present study also indicates that mean SPL differences vary
as a function of the vowel produced for cleft palate but not for the
normal Speakers.. For thé cleft palate speakers, substantially greater
mean SPL differences are found for the high vowels /i/ and /u/ tﬁan for
the low vowels /®/ and /a/. This finding is consistent with existing
data (g, 8, gj). For thé normal speakers, a slightly greatsr mean SPL
difference measure is found for the high vowel /i/ than for the other
vouwels studied. The differences betwsen means are, ﬁnwever, small and
fail to reach statistical significance. 1t is of interest, however, and
this trend is seen in other studies (8, 18, 41), that the rank order of
the vouwel means for the normal speakers is similar to that seen for the
cleft palate group. This has caused the spsculation (8)that the pattern
of vouwel means seen in cleft palate speakers represenfs an exagerration
of a pattern observed in normal speech, rather than a pattern that is
different in kind.

1t would appear from the present study and correlative data
from other studies that one effect of coupling the nasai to the oral
tracts is to increase the SPL difference for the high relative to the
low vowels. This is reflected in an increased range of vowel means for
the cleft palate relative to the normal speaking group. In the present
study, the range of vowel means for the normal speakers is 3.64 dB, while
for the cleft paléte speakers it is 6.05 dB. These data ara quite consis-
tent with the findings of other studies. For normalvspaakers, ranges

of 3 dB and 3.8 dB are reported by Summers (41) and by Counihan and
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Pierce (g), respectively. For cleft palate speakers, ranges of 10 dB,
8.3 dB, and 6 dB are reported by Counihan and Pierce (8), Richards (31),
and Bryan (4), respectively. Ochsner's (28) data for isolated vouwels '
produced under various conditions of nasal tract coupling are also rele-
vant here. Under a no-coupling condition, the range of vouwel means for
her single subject is 3.8 dB; under the largest area of nasal tract coup-—
ling (.785 cm?), the range is 6.6 dB.

1he.f;ends toward gfaater mean SPL differences'for the high
vowel /i/ than for the low vowsls /=/ and /a/ in the normal data, suggest
that factors other than velopharyngeal opening affect the sizavof the SPL
difference. A high vowel such as /i/ is produced in normals with a more
complete velar seal than are the low vowels /®/ and /a/ (25). If velc-
pharyngeal opening were the only determinant of the size of the SPL dif-
ference, low rather than high vowels should display greater SPL differ-
ences. The fact that this is not found to be the case, points to the im-
portance of oral impedance. It seems reasonable to speculate that a
greater proportion of sound energy is radiated into the nasal tract when
the tongue is high in the mouth, as it is for /i/, than when it is lou,
as it is for /a/ or /a/.

Tha.greatly increased SPL differences for high than for low
"vowels in subjects with velopharyngeal incompetency also fits in with
this reasoning. Assuming a constant area of nasal opening, it-is evident
that a proporfionally greater amount of acoustic energy will be distribu-
ted through the ﬁasal tract when oral impedance is high than when it is
low. If this is so, one would expect a heightened intra-nasal sound

pressure level and a greater nasal-"oral" SPL difference measure for high
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relative te low vowels. The present data tend to support the concept '
advanced by Curtis (10) that when assessing the distribution of acoustic
.anargy through the vocal tract, the size of the velopharyngeal opening
cannot be considered apart from the amount of oral tract impedance.

One other factor needs to be considered, and this relates to
the procedures employed in the present experiment. If one requires all
vowels to be produced by subjects at a uniform intensity level, measured
some constant distance from the lips, the amount of energy generated at
the glottal source cannot be assumed equal for all vowels. It is well-
established that (13, 24, 34) there are differences in the relative
power of natural vowels. The differences bastwsen fhe"power of the weak-
est vouwel /i/ and a vowel with relatively great power such as /a/ may
be as great as 5 dB (13). To achieve a given uniform intensity level at
some point outside the mouth, a substantially greater source energy must
be generated fof /i/ than for /a/. Again, assuming a constant area of
nasal coupling, it can be assumed that some proportion of this increased
source energy will be radiatsd through the nasal tract, increasing the
intra-nasal sound intensity to a greater sxtent for "weak" than for
"strong” vowels. The increased intra-nasal sound intensity found for
the weaker high vowels, /i/ and /u/, provided by cleft palate speakers
may relate to the requirement of the present study that all vowels must
be produced at specified uniform intensity levels.

Racently, Schwartz (§§) has reported significantly different
patterns of intra-nasal sound préssure levels for vowcl? £roduced by
male and female normal speakers. He has noted that normal females show

significantly greater intrae-nasal sound pressure for high than for low
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vowels, while normal males show no significant differences in nasal sound
pressures across vowels. The absence of sex interactions in the present
study suggests that, if such differences exist between male and female
normal speakers, it is not demonstrated by the present experiment. To
the contrary, inspection of the raw data suggestc that the range of vowel
means for normal males exceeds that for nurmal'females. Trends within
the present data suggest, however, tiai cieft palate females display a
substantially greater range of SPL differences for vowels than cleft
palate males. When means are averaged over all intensity lsvels, the
range of vowel means for cleft palate females, 8.19 dB substantially ex-
ceeds that for males, 4.10 dB.

The findings of the present study also indicate that variations
in vocal intenéity, within the intensity range specified (70-85 dB SPL),
have an effect upon the size of the SPL difference measure, and that
this effect differs significantly for the normal and cleft palate speak-
ers. Present findings indicate that while the size of the mean SPL dif-
ference tends to decrease with each 5 dB increase in vocal intensity
level, the amount of decrease i1s greater for the normal than for the
cleft palate speakers. The overall decrease in the SPL difference from
70 to 85 dB SPL for the normals is 7.08 dB; for the cleft palate speak-
ers, the decrease is 4.32 dB.

The present data are in genefal ;greemant with data previously
reported by Summers (41), who studied a group of normal-speakers, and by
Ochsner (gg) who studied a single subject under various conditions of
nasal tract coupling. These investigators report a decrease in the

size of the SPL difference as a function of increased vocal intensity.
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Summers (41), for instance, reports a decreass of 7 dB in the SPL dif-
ference as vocal intensity is increased from 57 to 84 dB SPL. Ochsner
(28) noted that, as vocal intensity was increased from 70 to 85 dB,
there was a decrease of 2.7 dB in the SPL difference in the 0 cm? coup-
ling condition and a decrease of 7.3 dB in the 0314 cm? coupling condi-
tion, her second smallest coupling condition. Since all normal vouwels
are aot produced with a complete velar seal, comparisons of the present
with the Ochsner data under conditions of less than complete nasal tra-ct
closure would sez2m defensible. The present data, which show a 7 d6 de-
crease in the 5PL difference with a vocal intensity increase from 70 to
85 dB, would seem to be compatible with both the Summers and the Ochsner
data.

Th=2 present findings related to cleft palate speakers, however,
differ from those reported by Ochsner (28) for her single subject under
the largest conditions of nasal opening (5.036 cm? and .785 cmz). Ochs~
ner reports a substantially greater dscrease in the SPL difference mea~
sure with increésed vocal intensity in these larger coupling conditions
than in the no-coupling or small area (.0314 cmz) coupling conditions.
In the .785 cm2 coupling condition, for example, Ochsner reports that a
15 dB increment in vocal intensity level resulted in a 13.6 dB decrease
in the SPL difference. In the present study, the decrease in the SPL
difference with a 15 dB increass in vocal intensity averaged only 4,32
d8. The maximum decrease in the SPL difference svidenced by any single
subject in the present study was 7.38 dB.. It seems reasonable to can-
clude that the amount of decreass in the SPL difference evidenced by

cleft palate speakers with velopharyngeal incompetency, within the



59

present range of vocal intensity, is substantially less than might be
inferred from the Ochsner data. Further, contrary to the Ochsner study,
the present study suggests that a greater decrease in the SPL differ—
ence measure occurs with increased vocal intensity when the area of
nasal tract coupling is small rather than when it is large. The data
further suggest that the performance of Ochsnsr's single subjsct may not
be representative of the performance aof cleft palate subjects presenting
velopharyngeal incompetency.

In contrasting the present data with those of Ochsner (28),
several factors should be borne in mind. First, direct comparisons of
the present claftApalate group with Ochsner's single subject at the lar~
gest coupling conditions employed in that expsriment is open to some
question. The extent to which the range of coupling conditions studied
by Ochsner represen£ the areas of nasal tract coupling seen in the
present cleft palate group is unknown, since no precisé measures of velo-
pharyngeal closure were made in the present study. Sac;nd, the range of
coupling conditions studied by Ochsner may be too restrictive. Fant
(14), for example, notes that nasalization effects come into play uhen
the area of nasal tract coupling exceeds .68 em?. The largest coupling
area employed in the Ochsner study only slightly exceeds this critical
point. The Ochsner data provide no firm data concerning the relation-
ships of concern beyond the .785 cm2 coupling area. 1t is possible
that the present cleft palate subjects, selected on the basis of velar
inadequacy, evidenced coupling areas well in excess of those included
in the Ochsner study. Third, and related to the preceding point, it is

possible that subjects are capable of substantial vocal tract adjust-
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ments which may compensate for nasal tract coupling effects, specific-
ally adjustments of lingual height and degree of mouth opening. Such
adjustments may be relatively effective within a relatively narrow range
of velar openings, but less effective once a sufficiently large area of
coupling is reached. Fourth, the present data deal exclusively with
comparisons of normal subjects and subjects with presumed velopharyngeal
incompetence. No attempt was made to explore or specify the SPL differ-
ences that an individual subject might obtain in response to variations
in both voca1>intensity_and nasal tract coupling area. The experimental
tasks required in the present study and in the Ochsner stucy may be
quite different in kind.

The present findings, nonetheless, appear consistent with ex-—
pected relaticnships. First, it seems reasonable to expect that in-
creases in glottal source intensity will be reflected in increases in
intra—-nasal sound intensity to a greater extent when the area of nasal
tract coupling is large than when it is small. Second, assuming that
source intensity must be increased to a greater extént when the area of
coupling is large than when it is small, due to the increased energy ab—
sorption of the vocal tract, the amount of acoustic energy available for
transmission through the nasal tract is greater when the area of coup-
ling is large tﬁan whien it is small. Both of these factors should have
the effect of increasing intra-nasal sound intensity and, assuming a
uniform vocal (oral) intensity level, of increasing the size of the
nasal-"oral" SPL difference measurs.

It might be argued on these premises that the cleft palate

speakers should not demonstrate any appreciable decrease in the SPL
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difference measure with increased vocal intensity. The Ochsner data
(28) is relsvant to this point. Sh2 reports that 5 dB increments in
vocal intensity level are not reflected in identical increments in
intra-nasal sound intensity. The nasal tract, because of its smaller
size and greater damping, radiates much less energy than the mouth when
nasal vomels.are produced. For this reason, it seems likely that 5 dB
increases in vocal intensity would result in somewhat lesser increases
in nasal sound intensity. This is seen in the Ochsner data. It is be-
cause increments in vocal intensity are not reflected in eguivalent in-
creases in the intensity of the nasal signal that the size of the SPL
difference decreasas with increased vocal intensity level.

The finding that increased vocal intensity exerts a significant
effect on the SPL difference would seem important in light of the use of
the SPL difference measure as an acoustic correlate of nasality. Re-
search (4, 8, 38, 43), thus far, indicates that perceptual ratings of
the severity of nasality are related positively to the size of the SPL
difference, that is, more severs nasality ratings are assigned vowsl
samples with larger than with smaller SPL differences. Research (7)
also shows that, when listeners are permitted to hear vocal intensity
differences among spesch samples, they tend to assign more severe nasal-
ity ratings to mofe intense than to less intense speech samples. In ex-
periments in which speech productions are allowed to vary from speaker
to speaker or, more explicitly, where productions of the same speaker
are permitted to vary in intensity, the relationship between the SPL
difference measure and nasality ratings could be expected to be dimi-

nished. Further, it ssems likély that the relationship between the SPL
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difference measure and ratings of the severity of nasality may vary,
even in experiments where vocal intensity is controlled, depending upon
the vocal intensity levels employed. This possibility deserves further

Study.



CHAPTER V
SUMMARY AND CONCLUSIONS

The purpose of the present study was to investigate nasal-
"o-al" SPL differences of four selected vowals produced at four differ-
ent intensity'levels by a group of normal speakers and by a group of
cleft palate speakers with presumed velopharyngeal incompetency. Six-
teen cleft palate persons, eight male and eight female, and sixteen nor-
mal speakers, matched to them according to age and sex, served as sub-
Jects, To obtain a cleft palate sample with velopharyngeal incompetency,
all cleft palate subjects were required to present oral breath-pressure
ratios less thaﬁ .75,

Each subject sustained each of the vowels_/i/, /u/, /=/, and /a/
in isolation for four seconds at each of four intensity levels, 70, 75,
80, and 85 dB SPL, at a mouth-to-microphone distance of eight inches.
The vowel samples of each subject were tape-recorded by means of a dual
channel high-fidelity recording system, and subsequently analyzed by in-
strumentation that provided a graphic representation of "oral" and nasal
sound pressure levels. The "oral".signal represented an overall signal
since it was the sound pressure level measured using a microphons posi-
tioned in front of the speaker's lizs. The nasal sound pressure levels

were measured by a microphone equipped with a probe-tube which was placed
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approximately uﬁe—quarter inch inside the lesast-occluded nasal meatus.
For each item of the speech sample, the arithmetic difference between
the nasal and "oral" sound pressure levels was obtained and these dif-
ference measures provided the gquantitative acoustic data of this experi-
ment.

In orﬂef to evaluate the research data, an overall analysis of
variance with a factorial arrangement of treatments was utilized in
which the factors were condition, sex, vowels, and intensity. In addi-
tion, as a supplementary statistical analysis, individual analyses of
variance were performed to examine the simple effects occurring within
each condition - sex group. A significance level of ,05 was selected
for this investigation.

The results of the statistical énalysis indicated that the con-
dition, vowel, and intensity main effects as well as condition-by-vowel
and condition~-by-intensity interactions were significant. Within the
limitations of this experiment, the following conclusions appear to be

warranteds

1. No significant differences related to the sex of the speaker
were revealed by the present experiment.

2, Mean SPL differences obtained for the cleft palate group,
averaged over all vowels, significantly exceed those ob-
. tained for the normal group.

3. The difference between the mean SPL differenze measures for
the cleft palate and normal-speaking groups is greater when
high vowels than when low vowels are compared.

4. Mean SPL differences obtained for the four vowals differ sig-
nificantly for the cleft palate, but not for the normal-
speaking group. For the cleft palate group, mean SPL differ-
ences for the high vowels /i/ and /u/ substantially exceed
those for the low vowels /&/ and /a/. This relationship
holds at each of the four intensity levels studied.
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5. Mean SPL differences for both the normal and cleft palate

groups show a significant decrease as vocal intensity is in-
creased from 70 to 85 dB SPL. With 5§ dB increments in "oral"®
intensitv, there are small decrements (1.69 to 2,12 dB) in
the SPL difference measure.

6. Mean SPL differences decrease to a significantly greater ex-
tent for the normal-speaking than for the cleft palate group
as vocal intensity is increased from 70 to 85 dB SPL. That
is, smaller decraments in the size of the SPL difference
occur for the cleft palate than for the normal-~speaking
group as vocal intensity level is increased.

7. The differences between the mean SPL difference measures for
the cleft palate and normal-speaking groups increases sig-
nificantly as vocal intensity is increased from 70 to 85 dB
SPL.

The experimental design of the present study might be altered
profitably in future investigations of the relationship of vocal inten-
sity and SPL difference measures for vowels in cleft palate and normal
speakers. First, although an attempt was made to identify cleft palate
subjects with velopharyngeal incompetency on the basis of their obtained
oral breath-pressure ratios, the experiment would have been enhanced if

the degree of 6:a1—nasa1 coupling of each subject could have been speci-
fied nore accurately. UWith this inforwmation available, the effect of
specific degrees of nasal coupling on SPL differance mesasures in normal
and cleft palate speakers could have been determined.

Second, the use of sustained, isclated vowels presents some
limitations. It may be difficult to generalize about the effect of coup-
ling and intensity level changes on SPL difference measures for connected
speech from data obtained for ispolated vowels. Evidence in support of

this is provided by Bryan (4) who reports a relatively low correlation

coefficiunt (.52) betwsen SPL difference meastres for vowsls and SPL
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difference measures for sentences.

Third, it would be helpful to understand the amount of vocal
effort that was expended by each subject in the production of each vowel
at each of the ingensity levels. An understanding of vocal effort exer—
ted by these subjects would be enhanced if concomitant subglottal pres-
sure and oral-nasal air flow data had been obtained with the measures
taken in this study, particularly as they relate to the factor of glottal
resistance. Since the intensity-changing mechanism for normal sub jects
appears to vary somewhat for different pitchas (gg), a simultaneous re-
cﬁrding of fundamental frequency along with these other measures for
cleft palate and normal speakers would be useful. In addition, s further
understanding of the inter-relationship betwsen SPL difference measures
for vowels with iptensity level changes would have been increased if in-
formation regarding the presence and nature of possible tongue position
within the oral_cavity, the size of the mouth opening, and the degree of
posterior and 1a£eral pharyngeal wall movement had been made available.
The need for an understanding of the physiologic avant# that contribute

to the acoustic end-product remains an essential area of further investi-

gation.
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TABLE 4

NASAL-"ORAL"™ SPL DIFFERENCE MEASURES FOR THE FOUR
SUSTAINED VOUWELS AT THE FOUR INTENSITY LEVELS
PRODUCED BY EIGHT NORMAL FEMALE SPEAKERS -

Sub ject Vouel
Number Intensity /i Ju/ /[z/ /a/
1 70 37.5 23.0 28.5 30,5
75 37.5 21.5 28.0 26,5
80 37.5 20.5 26.5 28.0
85 31.5 26.0 20.5 21.5
2 70 21.5 21.5 21.0 18.0
- 175 23,0 21.5 18.0 16,0
80 22,5 19,5 " 16.5 16.0
85 23.5 25.0 . 13,5 15.5
3 70 30.0 25,0 23,0 18.0
75 29,0 24,0 23,5 20,5
80 25,0 21.5 26.0 18.0
85 18,0 20,5 21.0 18.5
4 70 32.0 30,5 24,0 29.0
75 32,5 20,0 23,5 25,0
80 20,5 23.5 16.0 15,0
85 20.5 22.0 12.5 13.5
5 70 27.5 26,5 31.0 31.0
75 26.5 29,0 29,5 28,0
80 29.5 2900 15.0 25.0 =
85 25.5 18.5 18.0 26.0
6 70 32.5 31.5 28.0 '27.0
75 28,0 22,0 28.5 27.5
80 20.5 22.5 27.5 22.5
85 22,5 18.0 21.0 21.5
7 70 36.5 42,5 35.5 37.0
75 31,0 34,5 31.0 31.0
80 29,5 22.5 24,5 33.5
85 24,5 23.0 34,5 28.5
8 70 27.5 26.0 35,5 38.0
75 24,5 29,5 24,5 28.0
80 20,5 17.5 21,5 24,0

85 24,5 21.0 " 19.0 17.0
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TABLE S

SUSTAINED VOWELS AT THE FOUR INTENSITY LEVELS
PRODUCED BY EIGHT NORMAL MALE SPEAKERS

Sub ject Vowsl

Numbser Intensity /i Ju/ /2/ Ja/
1 70 26.5 28.0 21.0 16.0
75 27.0 25.0 15,5 12.5

80 25.5 21.5 14,0 12.5

85 23,6 19,0 12,5 13,0

2 70 31.0 29,5 19,5 14,5
75 . 29,0 26,5 18.0 16,0

80 19,5 20.5 15,0 14,0

85 18,5 17.5 11.0 13.0

3 70 24,5 26,5 31.5 30.5
75 25.0 23.5 28,5 27.5

80 25.5 23.5 30,0 26.5

85 20.5 19,5 24,5 24,5

4 70 35.0 34,5 34.0 34,0
75 32.0 32.0 23,5 31.5

80 30.5 31.0 32,5 27.0

85 28.5 29,0 23,0 28.5

5 70 23.0 19,5 30,0 23.0
75 20,5 20.0 32,0 24,0

80 17.0 18.0 26.0 17.5

85 19,5 17.0 23.0 17.0

6 70 31.0 22.5 22,5 25,5
75 27.0 24,0 20.0 19,5

80 31.5 20.0 19,0 15.5

85 24,0 21,5 19.5 20.5

7 70 32.0 36.0 35,0 23.5
75 30.5 21.0 28.0 27.0

80 33.5 26.0 20,5 22.0

85 27.0 19.0 21.5 17.0

8 70 21.0 21.0 28.5 27.0
75 20.5 20.0 24,0 20.5

80 20.5 19.0 17.0 18.5

85 18,5 19,0 18.5 17.5
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TABLE 6

VOWELS AT THE FOUR INTENSITY LEVELS PRODUCED BY
EIGHT CLEFT PALATE FEMALE SPEAKERS

Sub ject Vauwel

Number Intensity /i/ Ju/ /=/ /a/
1 70 43.5 44,0 39.5 40,0
75 42.0 41.0 37.5 41.0

80 41,5 37.0 38.0 37.5

85 41.0 35.5 32.5 32.5

2 70 36.5 34.0 33.0 32,5
75 35.0 32.5 32.5 28.5

80 36.0 31.5 24,5 20,5

85 35.0 29.0 22,5 24,0

3 70 42.0 42,5 31.5 32.0
75 43.0 39.5 31.5 32.0

80 38.5 25.0 28.5 30.0

85 35.5 38.5 30.0 27.0

4 70 42,0 41.5 39,0 36.0
75 42.0 43,0 34.5 34.5

80 41.5 42.5 31.0 35,0

85 42.5 35.5 27.0 34,0

5 70 43.5 43.5 33.5 34,0
75 43.0 44,0 34,5 31.5

80 39.5 38.5 30.0 30.5

85 35.5 35.5 33.0 31.0

6 70 38.0 33.5 25.5 24,5
75 29.0 27.5 25,5 22.5

80 30.0 37.5 28.0 22,5

85 28.0 27,5 19.5 25,5

7 70 47,0 42.5 32.5 28.5
15 43.5 43,5 28.0 32,0

80 42.0 44,0 29.0 32,5

85 41,0 39.5 31.0 33.0

8 70 36.0 34,0 28.5 28,5
75 34.5 32.5 27,5 27,5

80 36,0 32,0 27.5 29,0

85 32.5 28.5 28.0 30.0




NASAL "ORAL" SPL DIFFERENCE MEASURES FOR THE FOUR SUSTAINED

———

75
TRABLE 7

VOWELS AT THE FOUR INTENSITY LEVELS PRODUCED BY
EIGHT CLEFT PALATE MALE SPEARKERS

—
~

Subject Vowsl
Number Intensity /i/ v/ /2/ /fa/
1 70 41,0 38.0 37.5 37,0
75 36.0 35.0 34,5 32.5
80 38.0 34.0 32,5 31.5
85 33.5 31.0 30.0 29,5
2 70 35.5 39,5 33.5 38.5
75 41.5 39,5 30.5 32,5
80 36.5 36.5 33.5 28.5
85 33.5 36.5 28,5 32.5
3 70 35.5 31.5 28,5 32.5
75 33.5 34.0 31.0 34,0
80 33.5 32,5 28,0 30.5
85 32.5 30,5 28.5 31.0
4 70 39,5 39.5 33,5 31.5
75 39.5 35.5 33.0 31.0
80 39.5 36.0 27.0 30.0
85 35,5 32.5 22.0 25.0
5 70 41.0 38,0 38.0 38.5
75 36,5 37.0 39.5 37.0
80 33.5 33.0 39.0 40.5
85 35.5 29,5 39,5 31.5
6 70 40,0 39.0 38.0 37.0
75 40,0 29.0 41,0 37.5
80 41.0 42,0 42,0 39.0
85 39.0 37.5 38,0 37.0
7 70 45,0 46,5 38,0 40,5
75 45,0 44.0 42.5 40.0
80 41,0 43,5 39,5 39.5
85 41.0 40,0 37.0 34,5
8 70 36.0 34,5 30.5 28,5
’ 75 36.5 33.5 35.5 27.5
80 34.0 25,5 30.5 25,0
85 29,5 32,0 26,5 26.5




