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AN INVESTIGATION OF NASAL-"ORAL" SOUND PRESSURE LEVEL 

DIFFERENCES AT FOUR VOCAL INTENSITY LEVELS 

IN NORMAL AND CLEFT PALATE SPEAKERS

CHAPTER I 

INTRODUCTION

To understand th e  e f fe c ts  of n asa l t r a c t  coupling upon the 

speech s ig n a l, re sea rch e rs  w ith in  the f i e ld  of communication d iso rd e rs  

have attem pted to id e n t i fy  and quan tify  aco u stic  changes th a t are  as

so c ia ted  w ith velopharyngeal inadequacy. One a rea  of in q u iry  has in 

volved the study of the  n a sa l-"o ra l"  sound p ressu re  d iffe ren ce  measure. 

In th is  l in e  of in v e s tig a tio n , the  sound p ressu re  le v e l  of the nasal 

speech s ig n a l, measured using a proba-tube microphone placed w ith in  the  

n asa l meatus, i s  compared with the sound p ressu re  of the "o ra l"  (over

a l l )  speech s ig n a l, measured a given d is tan ce  from the  l ip s .  The d if 

fe ren ce , in  d ec ib e ls , between the n asa l and "o ra l"  s ig n a ls  has been 

used freq u en tly  as the  c r i te r io n  measure.

A growing body of inform ation re la te d  to  the n a sa l-"o ra l"  sound 

p ressu re  d iffe rence  measure, as i t  r e la te s  to  n a sa l t r a c t  coupling, has 

been accumulated over th e  p a s t two decades. In  sum, the  r e s u l ts  of re 

search  s t i ‘' *Bs in d ic a te  th a t  th is  aco u stic  measure provides an index of 

n a sa l t r a c t  coupling a re a  in  in d iv id u a l speakers (28, 29, 30, 3 8 ).
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2
F u rth e r, mean n a sa l-" o ra l"  sound p ressu re  d iffe re n c e  measures obtained  

fo r  groups of normal speakers d i f f e r  s ig n if ic a n t ly  from those obtained  

fo r  groups of c l e f t  p a la te  speakers w ith velopharyngeal incompetency 

(£ ) , In a d d itio n , w hile the  degree of re la tio n s h ip  rep o rted  by d i f f e r 

en t in v e s tig a to rs  v a r ie s ,  the s iz e  o f the  nasa l—"oral** sound p ressu re  

d iffe ren c e  has been found to  be re la te d  p o s it iv e ly  to  percep tua l measures 

of the se v e r ity  of h y p e rn asa lity  JB, 29, 30, 38, 4 3 ). Mean n a sa l-  

"o ra l"  sound p ressu re  d iffe ren c e  measures ob tained  fo r  both normal and 

c l e f t  p a la te  groups have been found to  be h igh ly  r e l i a b le  (-1 dB) (3 1 ).

On the  b a s is  o f the d a ta  a t  hand, i t  i s  reasonab le  to  conclude th a t  the  

n a sa l-" o ra l"  sound p ressu re  d iffe ren ce  measure i s  r e la te d  to  the degree 

to  which the  n asa l and o ra l  c a v i t ie s  a re  coupled during speech.

R esu lts o f in v e s tig a tio n s  in  t h i s  a rea  a lso  show th a t  the  s iz e  

of the n asa l—"o ra l"  sound p ressure  d iffe re n c e  fo r  both normal (8̂ , IB,

41) and c l e f t  p a la te  speakers (^ , ^  v a r ie s  according to  the phonetic 

composition of the  speech sample. High vowels, such as / i /  and / u / ,  

which a re  produced by normal speakers w ith a more complete v e la r s e a l 

(25, 44) are  c h a rac te rize d  by g re a te r  mean n a sa l-" o ra l"  sound p ressu re  

d iffe re n c e s  than a re  th e  low vowels / s /  and / o / ,  which are  produced w ith 

some degree of velopharyngeal opening. D ifferences between the mean 

n a sa l-"o ra l"  sound p ressu re  d iffe ren ce  measures fo r  groups of normal and 

c l e f t  p a la te  speakers have been found to  vary as a function  of the vowel 

which i s  produced. G rea tes t in te rg roup  d iffe re n c e s  occur when means fo r 

high vowels are  compared.

Normal and c l e f t  p a la te  speaking groups (41, 8) have been com

pared fo r  sex d iffe re n c e s  r e la t iv e  to  mean n a sa l-" o ra l"  sound p ressu re  

d iffe ren c e  measures fo r  vowels. While the  fin d in g s  have not always
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reached le v e ls  o f s t a t i s t i c a l  s ig n if ic a n c e , th e re  has been a c o n s is te n t 

trend  toward g rea te r mean n a sa l-"o ra l"  sound p ressure  d iffe re n c e s  fo r  

females than fo r  males. The d iffe ren ces  between the  means fo r  the  sexes 

have been found to  be in v e rse ly  re la te d  to  repo rted  d iffe re n c e s  in  the 

r e la t iv e  power of male and female voices (11, 45 ).

i t  i s  suggested in  the  l i t e r a tu r e  th a t  changes in  vocal in te n s 

i ty  r e s u l t  in  changes in  the  n a sa l-"o ra l"  sound p ressu re  d iffe ren c e  

measures fo r  vowels. Two s tu d ie s , one by Summers (41) employing normal 

su b jec ts  and one by Ochsner (28) employing a s in g le  male c l e f t  p a la te  

su b je c t, have in d ica ted  the ex istence of an inverse  re la tio n s h ip  between 

the n a sa l-"o ra l"  sound p ressu re  d iffe ren ce  measure fo r  vowels and the 

in te n s ity  o f the "o ra l"  s ig n a l.  The e f f e c ts  of changes in  vocal in 

te n s ity  on the  magnitude of the  n a sa l-"o ra l"  sound p ressu re  d iffe ren ce  

measure, however, i s  su b s ta n tia l ly  d if f e r e n t  as rep o rted  in  the  two ex

perim ents.

I f  the in te n s ity  a t  which a vowel i s  produced has an in fluence  

upon the magnitude of the  n a sa l-"o ra l"  sound p ressure  d iffe ren c e  mea

su res , i t  i s  im portant th a t  th i s  e f fe c t  be sp e c if ie d . F u rth e r, i f  the 

e f fe c t  d i f f e r s  fo r  normal su b jec ts  and su b je c ts  with velopharyngeal in 

competency, i t  i s  im portant th a t  the n a tu re  of th i s  d if fe re n c e , includ

ing d ire c tio n  and magnitude, be known. Since the d a ta  r e la t in g  to  per

sons with velopharyngeal incompetency a re  p red ica ted  upon the  p erfo r

mance of a s in g le  c l e f t  p a la te  su b je c t, i t  would seem im portant to  de

termine the ex ten t to  which the reported  re la tio n sh ip s  hold when groups 

of c l e f t  p a la te  speakers are  s tu d ied . I f ,  as rep o rted , sex d iffe ren c e s  

e x is t  with re sp ec t to  n a sa l-"o ra l"  sound p ressure  d iffe re n c e  measures.
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thtî need to  study both male and female su b je c ts  seems apparen t. To per

m it d ire c t  comparisons of normal and c l e f t  p a la te  su b je c ts , i t  i s  impor

ta n t  th a t  su b je c ts  in  each group be s im ila r  in  age and th a t  the  vocal 

in te n s i ty  le v e ls  employed be id e n t ic a l  fo r  th e  tuio groups.

To d a te , the re le v a n t v a ria b le s  noted above have not been con

t r o l le d  in  any s in g le  experiment w ith the r e s u l t  th a t  p e r t in e n t  r e la t io n 

sh ips must be in fe r re d  from d a ta  ex trac ted  under d isp a ra te  experim ental 

circum stances. The hazard in h e re n t in  such e x tra p o la tio n s  i s  apparen t.

I t  i s  fo r  t h i s  reason th a t  the  p resen t study was undertaken.



CHAPTER I I  

REVIEW OF THE LITERATURE

An e x is tin g  method of id e n tify in g  and quan tify ing  aco u stic  

changes th a t  a re  assoc ia ted  w ith v e la r  inadequacy involves th e  u t i l i z a 

tio n  of the  probe-tube microphone assembly. Several in v e s tig a to rs  (10, 

14, 19, 29, 32) have dem onstrated th a t  by coupling the  n asa l and the 

o ra l t r a c t s ,  th e re  i s  a r e s u l t in g  reduction  of o v e ra ll  vowel in te n s i ty  

and an accompanying increase  in  the  in te n s i ty  of the  n asa l s ig n a l .  The 

probe-tube microphone perm its sampling and measurement of the  sound 

pressure  le v e l  (SPL) w ith in  the  n asa l c av ity  which may be compared with 

the measurement of the t o t a l  sound p ressu re  le v e l  (SPL) of th e  speech 

s ig n a l derived  from the placem ent of a  microphone a t  a  given d is tan ce  

from the mouth. The probe-tube microphone i t s e l f  i s  an adap ta tion  of 

the condenser microphone in  which a leng th  of sm all-bore  tubing i s  

a c o u s tic a lly  coupled to  the  m icrophone's diaphragm and placed a sh o rt 

d istance  in to  the  le a s t  occluded n o s t r i l .  The most commonly used SPL 

measure employed in  s tu d ie s  o f n asa l and non-nasal speakers i s  th a t  of 

the d iffe re n c e  in  decibels  between o ra l  or t o t a l  sound p ressu re  o f the 

speech s ig n a l ,  and nasal sound p ressu re  (n a sa l-"o ra l"  SPL d iffe ren ce  

measure.)

R ichards (31) in v e s tig a te d  th e  r e l i a b i l i t y  o f the  n a sa l-"o ra l"
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SPL d iffe ren ce  measure obtained  with the probe-tube microphone assembly. 

She u t i l iz e d  two groups of c l e f t  p a la te  speakers and one group of normal 

speakers who were d ire c te d  to  produce four is o la te d  vowels, s ix teen  CVC 

sy l la b le s , and one sentence con ta in ing  no n asa l consonant sounds during 

two separa te  bu t p rocedurally  id e n t ic a l  te s t in g  s i tu a t io n s .  Following 

the  computation of the n a s a l-" o ra l"  SPL d iffe re n c e  measure fo r  each 

speech item produced by each su b je c t, an a n a ly s is  was made of the ex

te n t  of the mean d iffe re n c e s  between session  and t r i a l  sco res across 

speech sample types fo r each su b je c t. R ichards found th a t  mean n a sa l-  

"o ra l"  SPL d iffe re n c e  measures obtained fo r  both normal and c le f t  p a la te  

speakers in  repeated  productions of the same speech sample were highly  

r e l ia b le  w ith d iffe re n c e s  among means fo r  repea ted  t r i a l s  seldom exceed

ing 1 d e c ib e l. In d iv id u a l v a r ia tio n  was more pronounced. The maximum 

change in  n asa l—"o ra l"  SPL d iffe re n c e  measures fo r  in d iv id u a l su b jec ts  

repea ting  the same speech item  averaged 4 to  5 dB, with a few in d iv id u a l 

su b jec ts  e x h ib itin g  considerab le  in consis tency  from t r i a l  to  t r i a l .  

Concerning the  r e l i a b i l i t y  of t h i s  measure, R ichards concludes th a t  mean 

n a sa l-"o ra l"  SPL d iffe ren c e  measures obtained fo r  both normal and c le f t  

p a la te  groups a re  h ighly  r e l ia b le  although s u b s ta n t ia l  v a ria tio n  can 

occur in  productions of the same speech sample by in d iv id u a l su b je c ts .

In an e le c t r i c a l  analog study . House and Stevens (19) found 

th a t  the o v e ra ll  in te n s i ty  le v e l  o f a r t i f i c i a l  vowels decreases as coup

lin g  of the o ra l  and n asa l c a v i t ie s  i s  in c re ased . These in v e s tig a to rs  

in d ic a te  th a t  by coupling the o ra l  and nasa l c a v i t i e s ,  an aco u stic  power 

lo ss  during vowel production i s  in troduced , r e la te d  to  the  increased  

damping e f f e c t  of the n a sa l t r a c t  on the vocal sound generated a t  the
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la rynx .

R ussell and Cotton (32) measured the  in te n s i ty  o f "o ral"  and 

n a sa l speech s ig n a ls  during normal production of vowels. Their f in d 

in g s  in d ic a te  th a t ,  when averaged across su b je c ts  and frequencies, the 

n a sa l s ig n a l i s  30 dB le s s  in te n se  than the "o ra l"  s ig n a l during the 

production of / a / ,  / o / ,  / o / ,  and /® /. The n asa l s ig n a l was 17 dB le s s  

in te n se  than the "o ra l"  s ig n a l  during non-nasal productions fo r the  

vowel / i / .  Thus, when th e  vowels are  n a sa lized , the in te n s i ty  of the  

n a sa l s ig n a l in c reases  by 20 to  30 dB on the  average so th a t  i t  equals 

o r in  some in s ta n c e s , exceeds, the  "oral"  s ig n a l.

Fant (14) examined th e  in fluence  of fou r n a sa l t r a c t  coupling 

cond itions upon the sp e c tra  o f fo u r vowels. By in c reas in g  the a rea  of 

coupling , s p e c tra l  changes in  the  vowels a re  in troduced  which include  

in c re a se s  in  formant bandwidth and a reduction  o f form ant in te n s i ty .

The degree o f change v a r ie s  w ith the vowel and w ith the  s iz e  of the  

coupling . He sp ecu la tes  t h a t  a reduction  of formant in te n s i t ie s  re 

s u l t s ,  in  p a r t ,  from an in te r a c t io n  between the resonances and a n t i -  

resonances which ty p ify  th e  o r a l  and nasa l c a v i t ie s .  A shunting s id e -  

branch with resonances and an ti-reso n an ces a t  d is c re te  frequencies de

term ined by th e  cav ity  c h a r a c te r i s t ic s  and the  s iz e  of the coupling i s  

produced by the coupling o f th e  n asa l to  the  o ra l  t r a c t .  When the  reso 

nant frequencies of the two t r a c t s  co incide , th e re  i s  an increase  in  the 

amplitude o f the  formant frequency . On the  o th er hand, i f  these pole 

frequencies do not co in c id e , those  a t t r ib u ta b le  to  n a sa liz a tio n  e f f e c ts  

appear as added resonances in  the  speech spectrum . Ulhen the zero or 

an ti-reso n an ce  o f the  n a sa l t r a c t  co incides with th e  pole of the vocal
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t r a c t ,  there  i s  a  reduction  in  the in te n s i ty  of the  formant frequency. 

Anti-resonance e f f e c ts  appear as a reduced in te n s i ty  of th e  harmonics 

ad jacen t to the  form ant when the  pole and zero do no t co in c id e .

The frequency c h a ra c te r is t ic s  o f the  n a sa l pole—zero p a ir s  i s  

a ffe c te d  by the s iz e  of the  coupling. With a la rg e  a rea  of coupling , 

th e  pole and zero frequencies are  widely separa ted  and in te r a c t  w ith 

vocal t r a c t  resonances and an ti-re so n an ces . I f  the  coupling a rea  i s  

sm a ll, the pole and zero w il l  be so c lo se  as to  allow  only minimal in 

te ra c tio n s  with vocal t r a c t  resonance. The pole and zero co inc ide  and 

can ce l out the n a sa l t r a c t  in fluence  upon th e  formant s tru c tu re  when 

th e re  i s  no coup ling . In  a d d itio n , Fant no tes th a t ,  with n asa l t r a c t  

coupling , the frequency of the  n a sa l-c a v ity  an ti-resonance  may co incide  

w ith the resonant frequency of the f i r s t  formant of the  n asa lized  vowel 

and r e s u l t  in  a reduc tion  of the in te n s i ty  le v e l of th a t  form ant. Be

cause the frequency of th e  f i r s t  formant v a rie s  among the  vowels, a con

s ta n t  area of coupling could in troduce an ti-reso n an ces  in  some vowels 

which would be a t  a frequency above or below the o ra l  resonance of those 

vowels and not produce any in te n s i ty  red u c tio n .

C urtis  (10) s ta te s  th a t  the  a co u s tic  impedance c h a ra c te r is t ic s  

o f the  o ra l and n a sa l c a v i t ie s  produce a  marked e f f e c t  on the in te n s i ty  

o f the  re s u ltin g  "o ra l"  and nasa l o u tp u t. The r e la t iv e  impedances of 

th e  o ra l and n a sa l c a v i t ie s  w il l  determ ine, in  a la rg e  p a r t ,  th e  e f f e c t  

th a t  a coupling of these  w il l  have. For example, i f  the  n asa l c av ity  

has a high impedance while the  o ra l c a v ity  has a low impedance, the  con

sequence of coupling these  two re so n a to rs  i s  minimal. On the o th e r  hand, 

i f  the opposite impedance re la tio n sh ip  e x is ts ,  coupling the  two c a v i t ie s
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m ill r e s u l t  in  a g re a te r  in fluence  on the  speech s ig n a l.

The u se fu ln ess  of n a s a l-”o ra l '' SPL d iffe ren c e  measures, ob

ta in ed  using the  probe-tube microphone assembly, as an index of the  de

gree to  which the o ra l  and n asa l t r a c t s  are  coupled during speech has 

been explored in  a number of s tu d ie s  (8̂ , 28, 29). P ie rce  (30) evaluated  

aco u stic  d iffe ren c e s  provided by various types of p ro s th e tic  speech ap

p lian ces  in  a group of ad u lt c l e f t  p a la te  speakers. He found s ig n i f i 

can tly  sm aller n a sa l-"o ra l"  SPL d iffe re n c e s  fo r su b je c ts  uiho mere wearing 

speech app liances than fo r  the same su b je c ts  with th e i r  app liances re 

moved. Shelton, Knox, Arndt, and A lbert (38) made measurements of n asa l 

IPL in  su b je c ts  speaking with o b tu ra to rs  in  place and removed. Nasal SPL 

measurements were sm aller when the o b tu ra to rs  were in  p lace than when 

they were removed.

In a subsequent study by Shelton , e t  a l .  (3 6 ), a group of 

twenty-one su b je c ts  with w a l l - f i t te d  speech bulbs were compared fo r  nasal 

SPL with a group of th ir te e n  su b je c ts  having a moderate defic iency  of 

palatopharyngeal c lo su re . Both groups produced an id e n t ic a l  s in g le  sen

tence and a ten-second segment of connected speech. They found s ig n i f i 

c an tly  g re a te r  n asa l SPL measures fo r  the group w ith inadequate c lo su re  

as compared to  the group wearing o b tu ra to rs . In a d d itio n , Pearson cor

re la t io n  c o e f f ic ie n ts  o f .48 and .50 were obtained when c o rre la t in g  mean 

palatopharyngeal gaps as determined by c ln e flu ro g rap h ic  film s , w ith nasal 

SPL measures obtained  during the s in g le  sentence and connected speech 

sample.

Olson (29) explored the e f f e c t  of c o n tro lle d  changes in  n asa l 

t r a c t  coupling upon nasal and "o ra l"  SPL measures of the speech of a
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s in g le  nan-nasal speaker. The normal su b je c t was f i t t e d  w ith a speech 

app liance, which perm itted  varying the  s iz e  o f the velopharyngeal aper

tu re .  U tiliz in g  the probe-tube microphone assembly, Olson was ab le  to  

demonstrate a s ig n if ic a n t  re la tio n sh ip  between velopharyngeal ap ertu re  

dimensions and n a sa l-"o ra l"  SPL d iffe ren c e  m easures. S p e c if ic a lly , rank 

c o rre la tio n s  between these  SPL measures fo r  in d iv id u a l vowels and vowels 

in  CVC con tex ts and measures of the  s iz e  of n asa l opening ranged from 

0.32 to  1 .0 . C o rre la tio n s between the measures fo r  vowels combined and 

fo r s y lla b le s  combined were each 1 .0 .

In 1968, Ochsner (28) in v e s tig a te d  the  re la t io n s h ip s  among con

tro l le d  v a ria tio n s  in  n asa l t r a c t  coupling and o ra l  and n a sa l sound 

p ressu res in  a s in g le  c l e f t  p a la te  su b je c t . She recorded and analyzed 

recorded speech samples of the  fou r vowels, / i / ,  / u / ,  / » / ,  and / a / ,  a t  

each of four in te n s i ty  le v e ls  (70, 75, 80, and 85 dB SPL) under each of 

s ix  n asa l coupling cond itions (from 0 to  0.765 cm^). Chief among her 

f ind ings i s  th a t ,  fo r  a l l  vowels a t  a l l  in te n s i ty  le v e ls ,  an in c rease  in  

the s iz e  of the n asa l ap ertu re  i s  a sso c ia ted  with in c re a se s  in  the  n a sa l 

SPL and the n a sa l-"o ra l"  SPL d iffe ren c e  measure.

Since n a s a l-”o ra l"  SPL d iffe re n c e  measures appear to  be re la te d  

to  v a r ia tio n s  in  the degree of o ra l-n a s a l  coupling, i t  i s  no t su rp r is in g  

th a t normal and c l e f t  p a la te  speakers have been found to  d i f f e r  w ith 

resp ec t to  th is  measure. Counihan and P ie rce  (b)  employed the probe- 

tube microphone assembly to  study th e  speech of fo r ty  norm al-speaking 

ad u lt su b jec ts  in  is o la te d  vowels, CVC s y l la b le s , and se n tsn c es . These 

in v e s tig a to rs  re p o rt mean n a sa l-" o ra l"  SPL d iffe ren ce  measures of 22,46 

dB fo r vowels, 19.61 dB fo r  CVC s y l la b le s ,  and 20.07 dB fo r  sentences
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when th ese  speech samples are  produced a t  a co n stan t o ra l  in te n s i ty  

le v e l o f 75 dB. From these  d a ta , the  au thors conclude th a t  the  in f lu 

ence of n a sa l t r a c t  coupling on vowel production i s  changed very l i t t l e  

by p lac ing  th e  vowel in  a consonant co n tex t.

Richards (31) computed the  d iffe ren c e  between th e  nasa l and 

"o ra l"  sound p ressu re  le v e ls  fo r  normal speakers producing vowels a t  an 

"o ra l"  in te n s i ty  of 75 dB. She found a  mean n asa l—"o ra l"  SPL d iffe ren c e  

measure o f 2 8 .B5 dB.

Hirano, Takeuchi, and H iroto (IB) measured the  r a t io  of i n t r a 

nasa l sound p ressure  to  sy l la b ic  speech power in  e ig h t  normal-speaking 

a d u lts  producing s ix ty  Japanese m onosyllables. As a  group, the normal 

su b je c ts  in  th is  study p resen ted  a  mean measure o f 23.95 dB fo r th e i r  

non-nasal consonant-vowel m onosyllables. As might be expected, h igher 

n asa l sound p ressu res  were obtained  during the production  of nasa l con

sonant-vowel s y l la b le s .

Employing the  probe-tube microphone assem bly. Summers (41) ex

amined th e  n a sa l and "o ra l"  SPL m sasures fo r  vowels a t  various le v e ls  of 

vocal in te n s i ty  in  a group of male and female normal—speaking s u b je c ts . 

His d a ta  rev e a l somewhat h igher mean n a sa l-" o ra l"  SPL d iffe ren ce  mea

sures than th a t  repo rted  in  s im ila r  s tu d ie s  of normal speakers a t  com

parab le  in te n s i ty  le v e ls .  For example. Summers re p o r ts  mean n a sa l-  

"o ra l"  SPL d iffe ren ces  of 35.22, 34.94, 33.04, and 28.31 dB a t  mean 

o v e r -a l l  in te n s i ty  le v e ls  of 58.45, 66.95, 75.99, and 84.39 dB, respec

t iv e ly .  The values repo rted  by Summers fo r  h is  normal speakers i s  sub

s t a n t i a l l y  g re a te r  than th a t  repo rted  by Counihan and P ie rce  {Q),

Hirano, Takeuchi, and H iroto (16 ), or Richards (3 1 ). An examination of
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the In strum en tation , c a l ib ra t io n ,  and d a ta  c o lle c tio n  procedures em

ployed acro ss  these s tu d ie s  f a i l s  to  re v e a l the reason  fo r  th is  d is 

p a r i ty .

A review of those  s tu d ie s  th a t  have in v e s tig a te d  n a sa l-" o ra l"  

SPL d iffe re n c e  measures fo r  c le f t  p a la te  and fu n c tio n a lly  n asa l speakers 

in d ic a te s  th a t  these measures tend to  be la rg e r  than those obtained fo r  

norm al-speaking su b je c ts . Counihan and P ierce  (B) s tud ied  a group of 

fo r ty  c l e f t  p a la te  speakers who produced vowels, CUC s y l la b le s ,  and sen

tences a t  a constant vocal in te n s i ty  le v e l  of 75 dB. They re p o rt a  mean 

n a sa l-" o ra l"  SPL d iffe ren c e  measure of 3 1 .SB dB fo r  vowels, 29.97 dB fo r  

CUC s y l la b le s ,  and 32.43 dB fo r  sen tences.

Bryan (4) ob tained  n a sa l-"o ra l"  SPL d iffe ren c e  measures fo r  

twenty ado lescen t and a d u lt  c l e f t  p a la te  persons when they produced 

vowels and sentences a t  a  constan t vocal in te n s i ty  le v e l  o f 75 dB. This 

in v e s tig a tio n  found a mean n a s a l-”o ra l"  SPL d iffe ren c e  measure of 34.20 

dB fo r the  vowels and 35.91 dB fo r  the  sen tences. In her in v e s tig a tio n  

of the r e l i a b i l i t y  of th e  n a sa l-"o ra l"  SPL d iffe ren c e  measure, Richards 

(31) r e p o r ts  a mean n a sa l-" o ra l"  SPL d iffe ren ce  measure o f 33.25 dB fo r  

vowels produced a t  an o v e ra l l  vocal in te n s i ty  le v e l  o f 75 dB by a group 

o f su b je c ts  with ve la r incompetency.

Weiss (43) employed the probe-tube microphone assembly in  

studying n a s a l- ”o ra l"  SPL d iffe ren ce  measures fo r  fou rteen  persons ex

h ib it in g  fu n c tio n a l n a s a l i ty  and th ree  persons p resen ting  c l e f t  p a la te  

speech. He in s tru c te d  h is  su b jec ts  to  read  a passage of connected 

speech a t  an o ra l in te n s i ty  le v e l of 70 dB as "o ra l"  and n asa l speech 

s ig n a ls  were recorded se p a ra te ly  but sim ultaneously . This experim enter



13
re p o rts  a mean n a sa l-”o ra l '' SPL d iffe ren ce  measure fo r  h is  su b jec ts  of 

33,10 dB.

The l i t e r a tu r e  co n ta in s  s tu d ie s  th a t  have in v e s tig a te d  the 

p o ss ib le  ex is ten ce  of sex d iffe ren c e s  r e la t in g  to  mean n a sa l-^ o ra l"  SPL 

d iffe ren ce  measures fo r va rious speech sam ples. Counihan and P ierce  ( s ) ,  

in  th e i r  study of normal ana c l e f t  p a la te  speakers, and Sumners (41). in  

h is  study of normal speakers, found no s ig n if ic a n t  d iffe re n c e s  between 

the female and male su b je c ts  in  the obtained n asa l—"o ra l"  SPL d iffe ren ce  

measures fo r  vowels. There i s  a  tren d , however, in  each o f these  s tu d ie s  

toward g re a te r  mean n a sa l-" o ra l"  SPL d iffe ren c e  measures fo r  fem ales than 

fo r m ales. In both of th ese  s tu d ie s , the s iz e  of th e  d iffe ren c e  between 

the means fo r  the  sexes a re  in v e rse ly  r e la te d  to  rep o rted  d iffe re n c e s  in  

the  r e la t iv e  power of female and male vo ices (11. 4 5 ). In te re s t in g ly , 

Counihan and P ierce  (B) d id  f in d  a s ig n if ic a n t ly  g re a te r  mean n a sa l-  

"o ra l"  SPL d iffe ren ce  measure fo r  female than fo r  male su b je c ts  when 

these measures were obtained fo r  CVC s y l la b le s .

Research e f fo r ts  over the  l a s t  two decades suggest th a t  the  mag

nitude  of the  n a sa l-"o ra l"  SPL d iffe ren ce  measure v a rie s  according to  the 

vowel produced reg a rd less  o f the s iz e  of the  coupling of the  o ra l  and 

nasa l t r a c t s .  Counihan and P ierce  (8) found th a t ,  in  both th e i r  normal 

and c l e f t  p a la te  speakers, th e  high vowels, which a re  produced in  normal

speaking su b je c ts  with a more complete v e la r  s e a l ,  a re  a sso c ia ted  with 

g re a te r  mean n a sa l-"o ra l"  SPL d iffe ren ce  measures than the  low vowels. 

E sse n tia lly  s im ila r  re la tio n s h ip s  among these  vowel means fo r  normal ( ^  

18. 41) and c l e f t  p a la te  su b je c ts  (4^ ^  can be found in  the  l i t e r a t u r e .  

In  a d d itio n , Olson (29) and Ochsner (28) both found in  t h e i r  experim ents
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with ad ju s tab le  speech app liances th a t  t h e i r  s in g le  su b je c ts  displayed 

g re a te r  moan n a sa l-"o ra l"  SPL d iffe ren ce  measures fo r  high vowels than 

fo r  low vowels a t  a l l  coupling a re as .

There p re sen tly  appears to  be some evidence th a t the aco u stic  

fe a tu re s  of vowels a re  a l te re d  d i f f e r e n t ia l ly  by changes in  n asa l t r a c t  

coupling co n d itio n s . In  a study of the  aco u s tic  e f f e c ts  of n a sa liz a tio n , 

Fant (14) examined the  in flu en ce  of four n a sa l t r a c t  coupling cond itions 

upon the  sp e c tra  of four vowels, / i / ,  / e / ,  / a / ,  and / u / .  Input impedan- 

ces equal to  velopharyngeal coupling a rea  dimensions of 0.00 cm , 0.16 

cm^, 0 ,32 cm^, 0.65 cm^, and 2.6 cm  ̂ were used to  evaluate  the  e f fe c ts  of 

coupling . Fant found th a t  in creas in g  the  a rea  of the coupling in troduces 

sp e c tra l  changes in  the vowels includ ing  in c re a se s  in  formant band-width 

and the reduction  o f form ant in te n s i ty ,  bu t the  degree of change v a rie s  

according to  the vowel and the s iz e  of th e  coupling . G enerally, as the 

area  of coupling i s  in c reased , the in te n s i ty  of the f i r s t  formant de

creases and the in te n s i ty  le v e l of the n a sa l output in c re a se s .

House and Stevens (19) re p o rt th a t  the  o v e ra ll in te n s i ty  lev e l 

of a r t i f i c i a l  vowels decreases as coupling of the o ra l  and n a sa l c a v itie s  

i s  in c reased . In th e i r  e le c t r i c a l  analog study , they employed f iv e  con

d itio n s  of velopharyngeal p o rt opening, i . e . ,  no coupling and velopharyn

geal p o rt c ro ss -se c tio n s  of 0 .25, 0 .71 , 1 .68 , and 3.72 cm^. S p e c ifi

c a l ly ,  the  high vowels / i /  and / u /  dem onstrate the weakest o v e ra ll  in 

te n s ity  le v e l,  while the low vowels / a / ,  / * / ,  and / o /  evidence a r e la 

t iv e ly  g re a te r  lo ss  of aco u stic  power as the  ex ten t of coupling i s  in 

creased . In ad d itio n , they found th a t  th e  high vowels / i /  and / u /  are 

more s e n s it iv e  to  sm all a reas of opening than  /æ /  and / a / ,  which are
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sounds th a t  have more open vocal t r a c t  c o n fig u ra tio n s .

G reater d iffe ren ces  between mean n a sa l-" o ra l"  SPL d iffe ren c e  

measures fo r  the  high vowels and the  low vowels appear to  e x is t  when the 

area  of coupling i s  la rg e  than when i t  i s  sm all. That i s ,  p re sen t re 

search  suggests th a t  the means fo r  / i /  and / u /  exceed those fo r  /as/ and 

/ a /  to  a g re a te r  e x te n t when th e  a rea  o f coupling i s  la rg e  than  when i t  

i s  sm all. For example, Ochsner (28) designed an appliance fo r  her sub

j e c t  which con tained  f iv e  co n cen tric  aluminum r in g s  w ith in  th e  c e n tra l  

p o rtio n  of i t s  pharyngeal s e c tio n . By removing one or more o f the 

r in g s , s ix  coupling cond itions o f o ra l-n a sa l coupling , ranging from 

.0000 cm  ̂ to  .7850 cm  ̂ a rea  o f opening, could be produced. She ob

ta in ed  a range o f mean n a sa l-" o ra l"  SPL d iffe re n c e  measures fo r  the  

vowels / i / ,  / u / ,  / a / ,  and / a /  of 3 .8  dB and 3 .4  d8 a t  her two sm a lles t 

coupling cond itions across fou r in te n s i ty  le v e ls .  Summers (41) and 

Counihan and P ie rce  (8) re p o r t  ranges among th e  vowel means o f 3 dB and 

3 .8  dB, re s p e c tiv e ly , fo r  t h e i r  normal s u b je c ts . The means of the  form

e r study were averaged over fou r in te n s i ty  le v e ls  w hile the  means of the 

l a t t e r  in v e s tig a tio n  were ob tained  a t  a s in g le  in te n s i ty  le v e l .

Schwartz (35) ob tained  measurements of r e la t iv e  in tr a -n a s a l  

sound in te n s i ty  fo r  the vowels / ! / ,  / l / ,  / E / ,  / « / ,  / a / ,  / o / ,  and / u /  fo r  

female and male normal su b je c ts  when these  su b je c ts  read an e ig h t-se n 

tence l i s t  a t  a  com fortable in te n s i ty  le v e l .  A range of means fo r  the  

vowels sampled was determined by expressing the  le v e ls  o f a l l  o th er 

vowels in  r e la t io n  to  th a t  o f the  l e a s t  in te n se  vowel, / i / .  Whan the 

vowel means of th e  r e la t iv e  in tr a -n a s a l  sound in te n s i t ie s  were averaged 

over both female and male su b je c ts , the  range of vowel means was
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approximately 4.0 dB. In te re s t in g ly , when the  vowel means were analyzed 

fo r  sex d iffe re n c e s , the  female su b je c ts  showed a  s ig n if ic a n t ly  g rea te r 

range of means (6 .5  dB) than th a t  of the  males (2 .2  dB).

C le ft p a la te  speakers w ith presumably g re a te r  n a sa l t r a c t  coup

lin g  p resen t la rg e r  ranges of vowel means than normal speakers w ith 

sm all coupling a re a s . Ochsner (28) found a range o f vowel means of 6.6 

dB fo r  her s in g le  su b je c t a t  the  la rg e s t  coupling cond ition  (.7850 cm^) 

across four in te n s i ty  le v e ls .  Counihan and P ie rce  (8) in d ic a te  th a t  the 

range of mean n a sa l-"o ra l"  SPL d iffe ren c e  measures fo r  vowels produced 

a t  a sin g le  in te n s i ty  le v e l (75 dB) by th e i r  c l e f t  p a la te  group was ap

proxim ately 10 dB. Bryan ( ^  re p o r ts  a vowel range of 6 dB and Richards 

(31) a vowel range of 8.3 dB fo r  th e i r  re sp e c tiv e  c l e f t  p a la te  groups a t  

a  constan t vocal in te n s i ty  le v e l  (75 dB).

I t  i s  suggested in  the  l i t e r a tu r e  th a t  n a sa l-" o ra l"  SPL d i f f e r 

ence measures obtained  fo r  vowels vary w ith changes in  vocal in te n s i ty .  

In 1955, Summers (41), u t i l i z in g  the  probe-tube microphone assembly, ex

p lored  the  re la tio n sh ip  between n asa l and "o ra l"  sound p ressu re  and 

vocal in te n s i ty  in  a group of male and female norm al-speaking su b je c ts . 

His su b jec ts  phonated e ig h t vowels a t  each of the  fou r vocal in te n s i ty  

le v e ls  60, 70, 70, and 90 dB SPL. He re p o r ts  th a t  as vocal in te n s i ty  

was increased  by h is  normal su b je c ts  from 57 to  84 dB, the  mean n a sa l-  

"o ra l"  SPL d iffe ren c e  measure fo r  the normal vowels decreased from 35 to  

28 dB. This rep re se n ts  a mean decrease of 7 dB in  the  n a sa l-" o ra l"  SPL 

d iffe ren ce  measure w ith a 27 dB in crease  in  "o ra l"  in te n s i ty .  I t  a lso  

can be d e tec ted  from Summers* d a ta  th a t  g re a te r  n a sa l-" o ra l"  SPL d i f f e r 

ence measures are found a t  the  lower than a t  the  higher "o ra l"  in te n s i ty
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le v e ls .

An im portant aspect o f Ochsner*s (28) re c a n t study was her in 

v e s tig a tio n  of e f fe c ts  of c o n tro lle d  v a r ia tio n s  In  o ra l  and nasa l t r a c t  

coupling and vocal in te n s i ty  on n a sa l-" o ra l"  sound p ressu re  d iffe ren ces  

measured in  four vowels produced by a  s in g le  a d u lt  c l e f t  p a la te  speaker. 

The su b je c t was requ ired  to  phonate four vowels, / i / ,  . / u / ,  / œ/ ,  and / a /  

a t  each of four in te n s i ty  le v e ls ,  70, 75, 80, and 85 d8 SPL a t  each of
O

s ix  coupling cond itions of o ra l-n a s a l  coupling ranging from .0000 cm
O

to  .7850 cm area  of coupling. For each item  of the  speech sample, 

"o ra l"  and n asa l SPLs were ob tained  and th e  a rith m e tic  d iffe ren ce  was 

c a lcu la ted  between these  two m easures. An a n a ly s is  of O chsner's d a ta , 

r e la t iv e  to  the  e f f e c ts  of in te n s i ty  changes on n a sa l-" o ra l"  SPL d i f f e r 

ence measures fo r  vowels, suggests th a t  increm ents in  "o ra l"  in te n s i ty  

r e s u l t  in  decrements in  the n a sa l-" o ra l"  SPL d iffe re n c e  measure when 

means are  averaged over a l l  vowels and coupling co n d itio n s . S p ec ifi

c a l ly ,  the mean SPL d iffe ren c e  fo r  the  c o n tro lle d  "o ra l"  in te n s i ty  

le v e ls  of 70, 75, 60, and 85 dB were 41 .7 , 36*7, 3 4 .0 , and 30.8 dB, re 

sp e c tiv e ly . I t  may be seen from these  d a ta  th a t  the  g re a te s t  decrease 

(5.0 dB) in  the n a s a l- " o ra l” SPL d iffe ren c e  measure occurred between 70 

and 75 dB, followed by th a t  between 75 and 80 dB, 2 .6  dB, and between 

80 and 85 dB, 3 .2  dB.

Ochsner (28) a lso  found th a t  increm ents in  "o ra l"  in te n s i ty  are  

asso c ia ted  with g re a te r  decrements in  the n a s a l-" o ra l"  SPL d iffe ren ce  

measure when the a rea  of coupling i s  la rg e  than when i t  i s  sm all. At 

coupling conditions I (.0000 cro^) and I I  (.0314 cm^), which were the  two 

sm alles t coupling a re a s , a 2 ,7  dB and a 7 .3  d3 decrease  in  the  n a sa l-
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" o ra l” SPL d iffe ren ce  were obtained  with a 15 dB in c rease  in  "o ra l"  in 

te n s i ty .  The same increm ent in  "o ra l"  in te n s i ty  re s u l te d  in  decreases 

o f 14, 13.7, 14.3, and 13.6 dB in  the n a s a l-”o ra l"  SPL d iffe ren c e  mea

sure  as the  a rea  of coupling was increased  to  .1261, .2827, .5036, and
o

.7850 cm , re sp e c tiv e ly .

In sp ite  o f the  increased  amount o f d a ta  r e la t iv e  to  n a sa l— 

"o ra l"  sound p ressu re  d iffe ren c e  measures th e re  remain some unanswered 

q u estio n s . D ifferences in  design o f the  s tu d ie s  t h a t  have been conduc

ted  l im i t  the  scope of comparisons and in te r r e la t io n s h ip s  th a t  might be 

drawn. Some s tu d ie s  (18, 41) have employed normal su b jec ts  alone while 

o th e r  s tu d ie s  (£, 43) have used only c l e f t  p a la te  o r fu n c tio n a lly  n a sa l 

s u b je c ts . In s tu d ie s  th a t  have used matched groups of normal and c l e f t  

p a la te  speakers, d a ta  was obtained  only a t  one uniform  vocal in te n s i ty  

l e v e l .  I f  the r e la tio n s h ip s  of vocal in te n s i ty  v a r ia tio n s  and n a s a l-  

"o ra l"  SPL d iffe ren c e  measures a re  to  be c le a r ly  understood, a d d itio n a l 

d a ta  i s  needed. The only d a ta  e x ta n t concerning t h i s  re la tio n s h ip  in  

c l e f t  p a la te  speakers has been derived  from d a ta  ob tained  by Ochsner 

(28) fo r  a  s in g le  c l e f t  p a la te  male su b je c t who produced vowel samples 

under a v a r ie ty  of co n d itio n s of n a sa l t r a c t  coupling  a t  sp e c if ie d  vocal 

in te n s i ty  le v e ls . The e x te n t to  which one can e x tra p o la te  from the 

Ochsner d a ta  to  the performance of groups o f both female and male c l e f t  

p a la te  speakers w ith v e la r  incom petencies, a t  t h i s  p o in t, i s  unknown. 

T herefore, i t  seems im portant th a t  the  r e la t io n s h ip  between vocal in te n 

s i t y  v a r ia tio n s  and the  n a sa l-" o ra l"  SPL d iffe re n c e  measure be examined 

under cond itions where the  d a ta  fo r  normal and c l e f t  p a la te  speakers can 

be compared in  performance of the same experim ental ta sk , in c lu d in g
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id e n t ic a l  speech samples and vocal in te n s i ty  le v e ls ;  using procedures 

and in strum en ta tion  th a t  a re  id e n t ic a l ;  and a su b je c t sample th a t  i s  

matched according to age and sex . I t  i s  the  purpose of the p resen t 

study to  explore th is  re la tio n sh ip  under such co n d itio n s .



CHAPTER I I I  

DESIGN OF THE INVESTIGATION

The purpose o f t h i s  study was to  in v e s tig a te  nasal—"oral"^  SPL 

d iffe re n c e  measures^ o f fo u r se lec ted  vowels produced a t  four d i f f e r e n t  

in te n s i ty  le v e ls  by groups of normal speakers and by c l e f t  p a la te  sub

j e c ts  with velopharyngeal incompetency.

S p e c if ic a lly , th e  follow ing resea rch  questions were asked:

1. U/hat d if fe re n c e s  in  nasal-^oral** SPL d iffe re n c e  measures 
e x is t  between th e  norm al-speaking and c l e f t  p a la te  groups 
in  the  p roduction  of each o f th e  vowels: / l / ,  / u / ,  / » / ,  
and / a / ?

2. What d iffe re n c e s  in  n a s a l-" o ra l” SPL d iffe re n c e  measures 
of these  vowels e x is t  between norm al-speaking and c l e f t  
p a la te  groups when the  data  a re  analyzed according to  
th e  sex of th e  su b jec ts?

3 . Are these  d if fe re n c e s  in  n asa l—"o ra l"  SPL d iffe ren ce  mea
su re s , i f  p re se n t, s im ila r a t  each of th e  four in te n s i ty  
le v e ls  used in  t h i s  study?

S ubjects

An experim ental group of s ix te e n  c l e f t  p a la te  persons, e ig h t

■'The. so -c a lle d  "o ra l"  speech s ig n a l  was recorded in  f ro n t  o f 
th e  l ip s  and, consequently , contained components o f both the  o ra l  and 
n a sa l s ig n a ls . However, in  th is  in v e s tig a tio n  t h i s  "o v e ra ll"  speech 
s ig n a l was termed the  " o ra l"  speech s ig n a l to  d i f f e r e n t ia te  i t  from the 
s ig n a l em itted  from the n a sa l c a v ity .

^N asal-"o ra l"  SPL d iffe ren ce  measure r e f e r s  to  the a rith m e tic  
d if fe re n c e  expressed in  d ec ib e ls  between the  n a sa l sound p ressu re  le v e l 
and the  "o ra l"  sound p ressu re  le v e l.

2 0
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male and e ig h t fem ale, was se lec ted  to  serve as su b je c ts  in  th is  in 

v e s tig a tio n . A c o n tro l group of s ix te e n  norm al-speaking su b jec ts  was 

matched to  the c l e f t  p a la te  sample in  age and sex . Each normal-speaking 

su b jec t was w ith in  one year of age o f the  c l e f t  p a la te  su b je c t to  whom 

he was matched. All experim ental su b je c ts  were req u ire d  to  e x h ib it 

velopharyngeal incompetency but no r e s t r i c t io n s  were e s ta b lish e d  r e la 

tiv e  to the  ex ten t o r type of c l e f t  o r manner of o p e ra tiv e  r e p a ir .  Some 

of the c l e f t  p a la te  su b je c ts  re ta in e d  in  th is  experim ent wore speech ap

p lia n c e s . With these  su b je c ts , a l l  d a ta  was obtained w ith the appliance 

removed. In evaluating  velopharyngeal competency, o ra l  b rea th -p ressu re  

r a t io s  were obtained fo r  a l l  c l e f t  p a la te  su b jec ts  using  an o ra l  mano

meter (Hunter, Model 360) and fo llow ing the  procedure suggested by 

S p rieste rsb ach  and Powers (39). For purposes of th i s  in v e s tig a tio n , each 

experim ental su b jec t was requ ired  to  a t t a in  a mean b rea th -p re ssu re  r a t io  

le s s  than .75 . This procedure was follow ed in  th a t  S helton , Bankson, 

and Brooks (37) have repo rted  th a t  persons with e s s e n t ia l ly  normal velo

pharyngeal c lo su re  may achieve mean r a t io s  as low as .8 0 .

Only those su b je c ts  who dem onstrated s u f f ic ie n t  a b i l i ty  to  per

form the experim ental task  of producing and su s ta in in g  each of four iso 

la te d  vowels fo r a four-second in te r v a l  a t  sp e c if ie d  in te n s i t ie s  were 

included in  the  study . In ad d itio n , a l l  su b jec ts  were requ ired  to  pass 

audiom etric screening  a t  20 dB r e .  ANSI fo r  the octave in te rv a ls  500, 

1000, and 2000 Hz, a t  l e a s t  u n i la te r a l ly .

Speech Sample

The speech sample employed in  th i s  study c o n sis ted  of fou r iso 

la te d  vowels: / i / ,  / u / ,  / « / ,  and / a /  each su sta ined  fo r  four seconds a t
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each of fou r i n te n s i t ie s .  These four vowels were chosen because they 

d i f f e r  in  degree of v e la r valving (25), r e la t iv e  aco u stic  power (^, 13, 

24, 33, 3 4 ), tongue he ig h t and placement w ithin  the o ra l  c av ity  (44), 

and Judged degree of perceived  n a s a li ty  (26, 42). In  a d d itio n , recen t 

s tu d ie s  have in d ica ted  th a t  some of these  in d iv id u a l vowels p resen t a 

g rea te r  mean n a sa l-" o ra l"  SPL d iffe ren ce  measure than do o th e rs  (^,

20, M , 2 D .

The In te n s ity  Levels

The four c o n tro lle d  in te n s i ty  le v e ls  u t i l iz e d  in  th i s  study 

included 70, 75, 80, and 85 dB re  .0002 dyne/cm^ and were se lec te d  be

cause they represen ted  a range of in te n s i t ie s  from "normal" to  "very 

loud" speech (15).

Instrum entation

The in strum en ta tion  used in  d a ta  c o lle c tio n  in  th is  study in 

cluded a s ig n a l system to  guide the su b je c t in  the experim ental ta sk , 

an audio—recording  system fo r  the n asa l and o ra l s ig n a ls , and a g raphic- 

recording-system  to d isp lay  the in te n s i ty  of the n asa l and "o ra l"  speech 

s ig n a ls .

D escrip tion

The Signal System. An electro-m echanical cam tim er which was 

a c tiv a te d  by the experim enter, c o n tro lle d  the illu m in a tio n  of panel 

l ig h ts  used to  sig n a l su b je c ts  to  begin and term inate t e s t  vowel phona

tio n . The cycling  of the s ig n a l system was e s tab lish ed  fo r  p red e te r

mined tim e In te rv a ls .

The Audio-Recording System. The audio-recording system used
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in  th is  study perm itted  the  se p a ra te , but sim ultaneous, record ing  of 

each s u b je c t 's  "o ra l” speech sample, with a microphone placed approxi

m ately e ig h t inches from the l i p s ,  and the  n asa l s ig n a l , using  a probe- 

tube microphone in se r te d  in to  the  s u b je c t 's  n o s t r i l .  The components of 

the audio system consisted  o f: (a) two one-ha lf inch  condenser micro

phone c a r tr id g e s  (Bruel and K jaer, Type 4134), one o f which was equipped 

with a probe-tube (Bruel and Kjaer Probe Microphone K it, Type Ua 0040); 

(b) two cathode-fo llow ers (Bruel and K jaer, Type 2615); (c) two micro

phone a m p lifie rs  (Bruel and K jaer, Type 2603); and (d) a dual-channel 

magnetic tape  reco rder (Ampex Model AG 440).

The condenser microphone c a r tr id g e s  were designed fo r  p rec ise  

sound p ressu re  measurements under sound f i e ld  cond itions and were c a l i 

b rated  by the  m anufacturer to  have a f l a t  frequency response w ithin 

i  2 dB from 20 to  20,000 Hz. In order to  eva lua te  th e i r  agreement with 

the m anufactu rer 's  s p e c if ic a tio n s ,  frequency responses fo r  the  two 

microphones were obtained before and a f te r  the  d a ta  c o lle c tin g  se ss io n s . 

While o r ig in a lly  id e n t ic a l ,  each microphone c a r tr id g e  was m odified 

s l ig h t ly  to  adapt i t  to  th e  experim ental ta sk . The o ra l  microphone was 

equipped w ith a p ro te c tiv e  g rid  which, according to  the  m anufactu rer's 

s p e c if ic a tio n s , does not s ig n if ic a n t ly  change the  frequency response of 

the microphone below 15,000 Hz when the microphone i s  p o sitio n ed  a t  a 

90° angle of incidence to  the  sound source (20 ). The m odifica tion  of 

the n asa l microphone involved the  ad d itio n  of an adap ter and probe- 

tube. Because the a d d itio n  of a  probe-tube to  th e  n asa l microphone re 

s u l t s  in  s ig n if ic a n t  high frequency damping, an eq u a liz in g  f i l t e r  was 

employed to  improve the  frequency response. To fu r th e r  decrease the
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e f f e c t  of the  high frequency damping, s t e e l  wool was in se r te d  in to  th e  

probe-tube. The s ta in le s s  s te e l  probe-tube was one m illim ete r in  ex

te rn a l d iam eter, s ix - te n th s  m illim ete r in  in te r n a l  d iam eter, and mea

sured th ree  inches in  len g th  from the t ip  o f th e  ad ap te r. The dimension 

of the o u te r diameter perm itted  th s  probe-tube to  be positioned  in  the  

nasal c av ity .w ith o u t touching th e  colum ella o r a la  and w ithout s ig n i f i 

can tly  a l te r in g  the sound p ressu ra  le v e l in  th e  n asa l c av ity  ( i ,  2 ) . 

According to  the  m anufactu rer's  c a l ib ra tio n  (20 ), the  th ickness of the  

probe-tube w a ll, tw o-ten ths m illim e te r, was s u f f ic ie n t  to  provide a 

sig n a l—to -n o ise  r a t io  o f 44 dB from 100 to  5000 Hz. In  a d d itio n , the  

th ree -in ch  length  of the  probe-tube allowed the  placement of the  n a sa l 

microphone c a rtr id g e  and cathode-fo llow er out o f the  path of th e  o r a l ly  

em itted speech s ig n a l, th u s e lim ina ting  a p o ss ib le  source of s ig n a l con

tam ination . The probe-tube leng th  was m aintained as sh o rt as p o ss ib le  

to in su re  i t s  s e n s i t iv i ty  (2 ) . Two such probe-tubes were u t i l i z e d  in  

th is  in v e s tig a tio n . The p rep a ra tio n  of a second probe-tube was n ecess i

ta te d  a f t e r  the o r ig in a l was ir re p a ra b ly  damaged by a su b je c t during the  

data  c o lle c t io n .

In assembly, the  probe-tube adapter and the n asa l microphone 

c a r tr id g e  were connected a f t e r  which the probe-tube i t s e l f  was fo rc e -  

f i t t e d  in to  the adapter so th a t  an a c o u s t ic a l ly - t ig h t  s e a l was achieved 

a t  each of these  two connections. The condenser microphone c a r tr id g e s  

of both the  n asa l and "o ra l"  record ing  systems were a ttached  to  cathode 

fo llow ers which served as impedance-matching devices fo r  the high ou tpu t 

impedance of the microphone c a r tr id g e s  and th e  low in p u t impedance of 

the succeeding microphone a m p lif ie rs . The microphone am p lifie rs  were
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designed to  amplify vo ltages w ith a p o te n t ia l  gain  of 100 dB and provided 

e s s e n t ia l ly  l in e a r  frequency responses. The combined assembly of the 

am p lifie rs  w ith the condenser microphone and th e i r  cathode fo llow ers 

functioned as a p rec is io n  sound le v e l m eter, in d ic a tin g  sound p ressu re  in  

d ec ib e ls  re  .0002 dyne/cm^ (22 ). The n asa l microphone was equipped with 

a f i l t e r  c o n s is tin g  of a .02-m icrofarad condenser in  p a r a l le l  w ith a 

33,000-ohm r e s i s to r ,  both of which were placed in  s e r ie s  with a 1,500-ohm 

r e s i s to r .  This f i l t e r  wa*̂  employed to  compensate fo r  the  high frequency 

damping of each of the p robe-tubes and re s u lte d  in  a f l a t  response from 

the nasa l microphone w ith in  *3 dB from 100 to  4800 Hz and —Z dB from 

100 to  4700 Hz fo r  the f i r s t  and second p robe-tubes, re s p e c tiv e ly .

A dual-channel tape reco rder which was matched fo r  impedance 

with the  microphone am p lifie rs  was used to reco rd  sim ultaneously  the 

" o ra l” and n a sa l speech s ig n a ls .  ILtien opera ted  a t  a speed of 7 .5  ip s , 

the tape reco rd er p resen ts  a frequency response of l2  dB from 40 to  

12000 Hz. This frequency response was v e r i f ie d  a t  the beginning and end 

o f d a ta  c o lle c t io n . Oust p r io r  to  the  i n i t i a t i o n  of each record ing  ses

s io n , the  "record" and "reproduce" po ten tiom eter s e t t in g s  were ad justed  

with a white no ise  of known in te n s i ty  so th a t  a 20-dB d e fle c tio n  on the 

microphone am p lifie r  vo ltm eter would peak th e  reco rd er VU meter a t  0 dB.

The Graphic Recording System. The n a sa l and "o ra l"  s ig n a ls  

were reproduced by the dual-channel tape reco rd er fo r  l a t e r  in tro d u c tio n  

in to  a graphic lev e l rec o rd e r. The Bruel and K jaer, Type 2334 graphic 

le v e l reco rd er employed in  th i s  in v e s tig a tio n , reco rds s ig n a l le v e l 

v a r ia tio n s  as a function  of tim e w ith in  a frequency range of 20 to  20000 

Hz. A 20-dB in p u t po ten tiom eter was used w ith the le v e l reco rd er and
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uiaü reported  by the  m anufacturer to  be accu ra te  -5  dB w ithin a  20-20000 

Hz frequency range (2 1 ).

C a lib ra tio n

Nasal microphone. The "o ra l"  microphone and i t s  am plifying 

system was used as a  re fe rence  in  the  c a l ib ra t io n  of the n asa l probe- 

tube microphone and am plifying system. The "o ra l"  microphone, as c a l i 

b ra ted  by the m anufacturer, i s  f l a t  w ith in  ±2 dB from 20 to  20000 Hz and, 

when used with i t s  a sso c ia ted  microphone a m p lif ie r , can be employed as a 

p rec is io n  sound le v e l  m eter. The re fe rence  "o ra l"  microphone was posi

tio n ed  a t  a  90° angle of incidence a t  a  d is tan ce  of one inch from an am- 

p lif ie r - s p e a k e r  (Ampex, Model 620) in  an a c o u s tic a lly  is o la te d  room. The 

n a sa l probe-tube microphone was placed a t  an angle of approxim ately 45°, 

one-fourth  inch above the  g rid  of the  re fe ren ce  microphone. A pure-tone 

audio o s c i l la to r  (Hewlett Packard Model 200 ABR) was used to  d riv e  the 

am p lifie r-sp eak e r, producing a tone of 100 dB SPL on the re fe ren ce  micro

phone am p lifie r v o ltm e te r. At th e  same tim e, th e  response of the  nasal 

probe-tube microphone was in d ic a te d  and read  from th e  voltm eter o f i t s  

a sso c ia ted  a m p lif ie r . Readings were taken a t  100-Hz in te rv a ls  from 100 

through 5000 Hz and a t  1,000-Hz in te rv a ls  from 100 through 5000 Hz and 

a t  1,000-Hz in te r v a ls  from th a t  p o in t to  10000 Hz. The frequency 

response of the f i r s t  n asa l microphone was found to  be e s s e n t ia l ly  f l a t  

to  4800 Hz while the  second n asa l microphone was e s s e n t ia lly  f l a t  to  

4700 Hz. In o rder to  ob ta in  a s in g le  value rep re sen tin g  the  a tte n u a tio n  

in troduced by each probe-tube and accompanying equaliz ing  f i l t e r ,  the 

means of the sound p ressu re  measurements from 100 to  4800 Hz fo r  the  

f i r s t  probe-tube and 100 to  4700 Hz fo r  the second probe, were computed
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and sub trac ted  from th e  in te n s i ty  le v e l  of th e  re fe ren ce  sound a t  the 

o ra l  microphone as measured on i t s  a sso c ia ted  am p lifie r  v o ltm e te r. The 

derived mean a tte n u a tio n  uias approxim ately 32.5 dB and 35.0 dB fo r  the 

f i r s t  and second probe-tubes, re s p e c tiv e ly . The response curves of the 

f i r s t  n asa l microphone and uncompensated and compensated probe-tube are 

shouin in  F igures 1 and 2, re s p e c tiv e ly . The response curves o f the 

second n asa l microphone and uncompensated and compensated probe-tube 

c lo se ly  resembled th a t  of the f i r s t  probe-tube.

Graphic Level Recorder. The c a l ib ra t io n  of the  graphic le v e l 

reco rder a lso  was accomplished by using the  "o ra l"  microphone and i t s  

a m p lifie r as a re fe re n c e . U ti l iz in g  white noise  as a sound sou rce, i t  

was determined th a t  5-dB increm ents in  noise as measured on th e  micro

phone am p lifie r  vo ltm eter re s u lte d  in  5-dB increm ents on the  c h a r t  paper 

o f the  graphic le v e l  reco rd er.

Procedures 

Recording Procedures 

A ll speech samples were recorded in  an a c o u s t ic a l ly - is o la te d , 

two-room te s t in g  s u i te  with a low ambient noise  le v e l  a t  the  U niversity  

o f Oklahoma Medical C e n te r 's  Speech and Hearing C enter.

The t e s t  room contained th e  s u b je c t 's  c h a ir , the  two condenser 

microphones w ith th e i r  re sp e c tiv e  cathode fo llo w ers , a ta b le  on which 

th e  "o ra l"  and n asa l microphone a m p lifie rs  were p laced , a rack which 

held  the  speech sample card s, and th e  l ig h t s  of the  s ig n a l system which 

in d ic a te d  to  th e  su b je c t the  beginning and end of the  four-second phona

t io n  period  fo r  the  vowel sounds. The "o ra l"  microphone and i t s  cathode 

fo llow er were fas ten ed  to  a movable stand while the  n asa l microphone and 

i t s  cathode fo llow er were p o sitio n ed  on an a d ju s ta b le , well-mounted arm.
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The c o n tro l room housed th e  dual-channel magnetic tap e  reco rder, and a 

cam tim er which provided the  c o n tro l fo r a t e s t  room s ig n a l l ig h t .

Each su b je c t was fa m ilia r iz e d  w ith th e  experim ental procedure 

and then seated  in  an exam ination c h a ir .  The c h a ir ,  equipped w ith an 

a d ju s ta b le  back and h e a d re s t, was ad justed  fo r  ap p ro p ria te  h e ig h t, in 

c lin a t io n  of the back, and p o s itio n  o f the h e ad re s t so th a t the  sub

j e c t ' s  p o s itio n  was s u i ta b le  fo r  placement o f the  probe-tube. The sub

j e c t ' s  head was s ta b i l iz e d  during d a ta  c o lle c t io n  by means of an e la s t i c  

head-band placed around th e  s u b je c t 's  head and the  c h a i r 's  h e ad res t.

The "o ra l"  microphone a m p lifie r  was placed im m ediately in  f ro n t o f the  

su b je c t on a sm all ta b le .  The su b je c t was asked to  observe the  v o lt

m eter of the "o ra l"  microphone am p lifie r fo r  purposes of m onitoring the 

in te n s i ty  lev e l of h is  phonation. The s ig n a l l ig h t s  were mounted on the 

top su rface  of the "o ra l"  microphone am p lifie r  and consis ted  of an amber- 

co lo red  l ig h t  of one-second du ra tion  which in d ic a te d  to  the su b je c t th a t  

he should prepare fo r  phonation and a four-second red  sig n a l l ig h t  which 

remained lig h te d  during the  tim e the su b je c t was to  su s ta in  h is  phona

t io n .  As in d ica ted  e a r l i e r ,  th is  s ig n a l l ig h t  system was operated by a 

cam tim er and was under the  experim en ter's  c o n tro l .

In th i s  in v e s tig a tio n , each of fou r i s o la te d  vowels / i / ,  / u / ,  

/œ /, and /□ / ,  was recorded a t  each of four in te n s i ty ,  le v e ls , 70, 75, 80, 

and 85 dB SPL. The vowel to  be phonated was d isp lay ed  on a p r in te d  card 

as i t  appears in  some common word. The su b je c t was d irec ted  to  produce 

only the underlined  vowel in  each p rin te d  word. When the su b jec t was 

fam ila rized  w ith the speech m a te r ia l, he p ra c tic e d  phonating each vowel 

a t  each of the  four in te n s i t i e s  a f te r  the in v e s tig a to r  while he monitored



31
these in te n s i t ie s  on th e  voltm eter of the  "o ra l"  microphone a m p lifie r . 

During th is  p rac tic e  p erio d , the a tte n u a to r  s e t t in g s  on the  n asa l micro

phone's am plifie r mere ad justed  so th a t  the  n a sa l speech s ig n a l uias ac

commodated w ithin the 20-dB range of the  a m p lif ie r 's  Uu m eter.

Uihen the su b je c t demonstrated the  a b i l i ty  to  su c ce ss fu lly  per

form the experim ental ta sk  under p ra c tic e  co n d itio n s, a c tu a l d a ta  gath

e ring  was undertaken using  the same procedures. The order of p resen ta 

tio n  of each vowel a t  each in te n s ity  was determined by a random ization 

procedure using a ta b le  o f random numbers.

Measurement Procedures 

The tape-recorded  nasa l and "o ra l"  speech s ig n a ls  were in tr o 

duced se p a ra te ly  in to  a power le v e l reco rd er which supplied  a graphic 

rep re sen ta tio n  of the  amplitude v a r ia tio n s  of the two s ig n a ls . The 

lev e l reco rder was opera ted  a t  a ch a rt-p ap e r speed of 30 m illim e te rs  

per second and a w ritin g  speed of 300 m illim e te rs  per second. These 

speeds are  f a s t  enough to  provide adequate reso lv in g  power fo r  the  in 

te n s ity  of the s ig n a l w ithout the w ritin g  s t y lu s 's  momentum causing the  

s ty lu s  to  overshoot. The chart-paper (B ruel and K jaer, QP 2350) of the 

graphic le v e l reco rder was designed fo r  use w ith the 50-dB logarithm ic 

po ten tiom eter. This paper i s  two and o n e-h a lf inches in  w idth, and 

ru led  in  ten  equal in te rv a ls  with each in te r v a l  corresponding to  5 dB, 

thus allow ing a reco rd ing  range of 50 dB.

At the beginning of each record ing  session  and with each new 

tape , a white noise o f a sp ec ified  sound p ressu re  le v e l was Introduced 

in to  the  "o ral"  and n a sa l channels of the  tape reco rd e r. This noise 

s ig n a l supplied  a re fe ren c e  base on the  graphic le v e l recorder tra c in g s
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which perm itted  measurements of the  recorded vowels in  d ec ib e ls  re  

.UD02 dyne/cm^.

In order to determ ine the  sound p ressu re  le v e l  o f each vowel 

fo r the four in te n s i ty  le v e ls ,  the  am plitude displacem ent fo r  each vowel 

a t  each in te n s i ty  le v e l was measured a t  th re e  p o in ts  15 m illim e te rs  

ap a rt in  the cen te r of the  s te a d y -s ta te  p o rtio n  of the  su s ta in ed  vowel, 

and a mean amplitude displacem ent was c a lc u la te d . A c o rre c tio n  in  th i s  

derived mean value was then made in  d e c ib e ls  fo r  the  amount of a tten u a

tio n  of the  am p lifie r s e t t in g s .  Two independent measurements of the 

"o ra l” and n asa l tra c in g s  fo r  each of the  vowels phonated a t  each of the 

four in te n s i t ie s  were made. I f  any d isc rep an cies  between the  f i r s t  and 

second measures appeared, a th ird  measurement was made. The nasa l and 

"o ra l"  sound p ressure  le v e ls  and the  a rith m e tic  d iffe re n c e s  of the nasa l 

and "o ra l"  sound p ressu re  le v e ls  then were computed fo r  each vowel and 

expressed in  d e c ib e ls .



CHAPTER IV 

RESULTS AND DISCUSSION

This study uias designed to  in v e s tig a te  n a sa l-" o ra l"  sound pres

sure d iffe re n c e s  of fou r se lec te d  vowels produced a t  fou r d i f f e r e n t  in 

te n s ity  le v e ls  by a group of normal speakers and by a group o f c l e f t  

p a la te  speakers with velopharyngeal incompetency. S ixteen c l e f t  p a la te  

su b je c ts , e ig h t female and e ig h t male, and six teen  norm al-speaking sub

je c ts  matched to  them w ith re sp e c t to  age and sex , su s ta in ed  the  vowels 

/ i / ,  / u / ,  /æ / ,  and / a /  a t  in te n s i ty  le v e ls  of 70, 75, 80, and 85 dB SPL 

a t  a mouth-to-microphone d istance  o f e ig h t inches. Each vowel was re 

corded by means of a h ig h - f id e l i ty  record ing  system and in troduced  in to  

an in stru m en ta l assembly, p rev iously  described , which perm itted  the 

measurement of "oral** (o v e ra ll)  and n a sa l sound p ressu re  le v e ls  fo r  each 

vowel a t  each in te n s i ty  le v e l .  The a rith m e tic  d iffe ren c e  between the 

n asa l and "o ra l"  sound p ressure  le v e ls  was obtained fo r  each vowel and 

these  d iffe re n c e  measures provided the  q u a n ti ta t iv e  aco u stic  d a ta  of 

th is  s tudy .

For purposes of eva lua ting  the  experim ental d a ta , an o v e ra ll  

a n a ly s is  o f variance w ith f a c to r ia l  arrangement o f trea tm en ts  was u t i 

l iz e d  in  which the  fa c to r s  ware co n d itio n  ( c le f t  p a la te  o r norm al), sex, 

vowels, and in te n s i ty .  A s ig n if ic an c e  le v e l  of .05 was se le c te d  fo r

33
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th iü  in v e s tig a tio n .

The re s u l ts  of th e  o v e ra ll  a n a ly sis  o f variance of the  n a sa l-  

"o ra l"  SPL d iffe ren ce  measure d a ta  a re  summarized in  Table 1 . Examina

tio n  of t h i s  ta b le  re v e a ls  th a t  the  cond ition , voiuel, and in te n s i ty  main 

e f fe c ts  as uiell as condition-by-vouiel and cond ition—b y -in te n s ity  in te r 

ac tio n s a re  s ig n if ic a n t .  A ll o ther main e f fe c ts  and in te ra c t io n s  are  

not s ig n i f ic a n t .

As a supplementary s t a t i s t i c a l  a n a ly s is , in d iv id u a l analyses of 

variance were performed to  examine the simple e f f e c ts  occurring  w ith in  

each cond ition -sex  group. The r e s u l t s  of these  supplementary analyses 

of variance  presented in  Table 2 and Table 3 show th a t  w ith in  each sub

je c t  group, as with the  o v e ra ll  a n a ly s is  of v a rian ce , the vowel—by- 

in te n s i ty  in te ra c tio n  i s  no t s ig n i f ic a n t .  T herefore , in  th e  in te rp re ta 

tio n  of the  an a ly sis  fo r  each group, in te r e s t  i s  focused on vowel and 

in te n s i ty  sim ple e f f e c ts .  Examination of th e  sim ple e f fe c ts  shown in  

Tables 2 and 3 rev ea ls  th a t  vowel sim ple e f fe c ts  a re  s ig n if ic a n t  fo r  the 

female and male c le f t  p a la te  su b je c t groups bu t not fo r  the  female and 

male normal su b jec t groups. The in te n s i ty  simple e f fe c ts  are  s ig n i f i 

can t fo r  a l l  su b jec t groups.

For purposes of d isc u ss io n , the fin d in g s  of the study w il l  be 

presented in  four s e c tio n s :  (a) fin d in g s r e la te d  to  co n d itio n s , in 

cluding the  condition  and sex main e f fe c ts  and the  cond ltlon-by-sex  in 

te ra c tio n  as shown in  the o v e ra ll  an a ly s is  of v a rian ce ; (b) fin d in g s  re 

la ted  to  vowels, inc lud ing  the vowel main e f f e c t  and app rop ria te  vowel 

in te ra c t io n s ;  (c) fin d in g s re la te d  to  in te n s i ty ,  includ ing  the  in te n s i ty  

main e f f e c t  and ap p ro p ria te  in te n s i ty  in te ra c t io n s ;  and (d) a d iscussion
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TABLE 1

SUtPJIARY 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
Subjects (C)/AB 28 229.7780

Vouiels (d) 3 622.5240 22.23 a
AD 3 105.0356 3.75 a
BO 3 50.6781 1.81
ABD 3 55.7751 1.99
cd/ ab 84 28.0074

In te n s ity  (E) 3 788.9708 82.43 a
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
cde/ ab 252 7.8838

*P = < ,05
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TABLE 2

SUraWARY OF THE ANALYSIS OF VARIANCE FOR NORMAL 
FEMALE AND MALE SUB3ECT GROUPS

Source df ms F

Normal Female Subiect Group
Uoiuel (a) 3 78.1945 2 .7 3

In te n s ity  (B) 3 360.7199 2 2 .0 4 a
AB 9 2 .7868 <  1

Normal Male Sub.lect Group
Vouial (a) 3 95.6300 1 .7 9

In te n s ity  (b) 3 261.4373 4 2 .8 1 a
AB 9 4 .4670 < 1

®P = < ,05
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TABLE 3

SUfflmARY OF THE ANALYSIS OF VARIANCE FOR CLEFT 
PALATE FERIALE AND RIALE SUB3ECT GROUPS

Source df ms F

C le ft Pala te  
Female Sub.lect Group

Uouiel (a) 3 549.5115 49 .33a
In te n s ity  (b) 3 123.7466 16 .99a
AB 9 4.1686 <  1

C la f t  P a la te  
Riale Sub.lect Group

Vouiel ( a) 3 110.7414 5 .8 5 a
In te n s ity  (B) 3 107.0694 12 .55a
AB 9 3.4794 <  1

ap = < .05



38
of the  r e s u l ts  o f the study . Use of th e  supplementary a n a ly sis  o f v a ri

ance fo r  each group o f c l e f t  p a la te  and normal su b je c ts  m ill be made 

uihere app ropria te  to  fu r th e r  in te r p r e t  the  d a ta  o f t h i s  experim ent.

To f a c i l i t a t e  the  p re sen ta tio n  of r e s u l t s ,  th e  "o ra l"  (o v e ra ll)  

in te n s i ty  le v e ls  a t  which each vowel was produced, 70, 75, 80, and 85 d8 

SPL, w ill  bs designated In te n s ity  Levels I ,  I I ,  I I I ,  and IV, re sp e c tiv e 

ly . The terms "SPL d iffe ren c e  measure" o r "SPL d iffe ren c e "  w il l  be used 

to  r e fe r  to the a rith m e tic  d iffe ren c e  between n asa l and "o ra l"  sound 

p ressu re  le v e ls .

Conditions

One of the purposes of th e  p resen t in v e s tig a tio n  was to  d e te r

mine i f  v a r ia tio n s  in  SPL d iffe ren c e  measures e x is t  between normal 

speakers and c l e f t  p a la te  speakers. Table 1, showing the o v e ra ll  analy

s i s  o f variance , re v e a ls  th a t  the  cond ition  main e f f e c t  i s  s ig n i f ic a n t .  

These da ta  are  d isp layed  in  Figure 3 . Figure 3 g rap h ica lly  i l l u s t r a t e s  

th a t  the c l e f t  p a la te  group e x h ib its  a  10.4 dB g re a te r  mean SPL d i f f e r 

ence measure than the  normsd group. The s p e c if ic  means, averaged over 

a l l  sexes, vowels, and in te n s i ty  le v e ls ,  a re  34.6 dB fo r  the  c l e f t  

p a la te  group and 24.2 dB fo r  the normal su b je c ts . The s iz e  o f  th e  d if 

ference between the means fo r  these  normal and c l e f t  p a la te  su b je c ts  may 

be considered la rg e  from the stan d p o in t of aco u stic  power.

In spection  of Table 1 a lso  shows th a t  th e  sex main e f f e c t  i s  

not s ig n if ic a n t .  Examination of th e  d a ta  involved in  th is  main e f fe c t  

shows th a t the female su b jec ts  d isp lay  a mean SPL d iffe ren c e  measure of 

29.50 dB; the males show a mean SPL d iffe ren c e  of 29.31. Thus, i t  may 

be seen re a d ily  th a t  the  means fo r  the  two sexes a re  very s im ila r .  From
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these  d a ta  and the s t a t i s t i c a l  a n a ly s is , i t  seems reasonab le  to  conclude 

th a t  the  means fo r  the  ttuo sexes do no t d i f f e r  s ig n i f ic a n t ly .

C onsisten t w ith the fin d in g s  o f the  sex main e f f e c t  i s  the  lack 

of a s ig n if ic a n t  cond ition-by-sex  in te ra c t io n . S p e c if ic a l ly , the normal 

female and male groups e x h ib it a mean SPL d iffe ren c e  measure across 

vowels and in te n s i ty  le v e ls  of 24.95 dB and 23.45 dB, re sp e c tiv e ly ; 

w hile the c l e f t  p a la te  female and male su b je c ts  p re se n t a  mean SPL d i f 

ference  measure of 34.04 dB and 35.16 dB, re s p e c tiv e ly . These fin d in g s 

in d ic a te  th a t  the mean SPL d iffe ren c e  found fo r  normal and c l e f t  p a la te  

groups do no t vary s ig n if ic a n t ly  fo r  the  sexes w ith in  each condition  

group. Thus, the d iffe ren c e s  found between these  c l e f t  p a la te  and nor

mal groups of speakers can be expected to  be s im ila r  fo r  male and fe 

males w ith in  each group.

On the  b asis  of analyses o f the  condition  and sex main e f f e c ts  

and in te ra c t io n , i t  appears th a t  c l e f t  p a la te  su b je c ts  in  th is  study 

p resen t s ig n if ic a n t ly  g re a te r  mean SPL d iffe ren c e s  in  vowel production 

than the  normal su b je c ts  s tu d ied . F u rth e r, the d if fe re n c e s  found be

tween these  su b jec t groups do not vary s ig n if ic a n t ly  fo r  female and male 

su b je c ts  w ith in  each group.

Vowels

The data  involved in  th e  s ig n if ic a n t  vowel main e f fe c t  de tec ted  

by the  o v e ra ll  an a ly s is  of variance a re  d isplayed g rap h ic a lly  in  Figure

4. F igure 4 shows th a t  the mean SPL d iffe ren ce  i s  g re a te s t  fo r  the 

vowel / i / ,  32.24 dB, followed in  o rder by those fo r  / u / ,  30.24 dB, / sb/ ,  

27.95 dB, and / a / ,  27.39 dB. These means are  averaged over a l l  condi

t io n s ,  sexes, and in te n s i ty  le v e ls .  The presence o f a s ig n if ic a n t  vowel



41

exen
mTD

ow3
8Q>
mocsm
4 -•HQ
a.in

(0na

ca
o

40
39

38

37
36

35
34

33

32

31
30

29

28

27

26

25
24
23

22

21
20

19

18

17

16

15
A / /u / /» / / a /

VOWELS
F ig . 4—N asal-"O rai" Sound Pressure  Level (SPL) D ifference Means 

fo r  Each of Four Vowels. The Means Are Derived over All C onditions, 
Sexes, and I n te n s i t i e s .



42
main e f f e c t  in d ic a te s  th a t  the fou r vowels stud ied  d i f f e r  with re sp e c t 

to  the  SPL d iffe ren ce  m easures. The p lo t  of means in  Figure 4 suggests 

th a t  th e  high vowels / i /  and / u /  a re  a sso c ia ted  with somewhat g re a te r

SPL d iffe re n c e s  than th e  low vowels / » /  and / a / .

The presence of a s ig n if ic a n t  conditlon-by-vow el in te ra c t io n  

l im i ts  in te rp re ta t io n  o f the  vowel main e f f e c t  by in d ic a tin g  th a t  the  

d iffe re n c e s  among the  vowel means d i f f e r  fo r  the normal and c l e f t  p a la te  

sp eak ers . The means involved in  th is  in te r a c t io n , averaged over sexes 

and in te n s i ty  le v e ls ,  a re  p lo tte d  in  Figure 5. Figure 5 rev e a ls  th a t ,  

fo r  normal su b je c ts , th e  g re a te s t  mean SPL d iffe ren ce  occurs fo r  / i / ,  

26.42, followed in  o rder by those fo r  / u / ,  23*90 dB, /® /, 23.70 dB, and 

/ q / ,  22.78 dB. For the  c l e f t  p a la te  su b je c ts , the g re a te s t  mean SPL 

d iffe re n c e  i s  seen fo r  / i / ,  38.05, follow ed in  order by means fo r  / u / ,

36.14 dB, /æ /, 32.21 dB, and / o / , 32.0 dB. While the  p lo t  of means in

F igure 5 shows th a t  the order of the  vowel means i s  the  same fo r  the  

normal and c le f t  p a la te  su b je c ts , the  range of the means i s  consider

ab ly  g re a te r  fo r  the c l e f t  p a la te  than fo r  the  normal su b je c ts . Spe

c i f i c a l l y ,  the range of means fo r  the  normal speakers i s  3.64 dB; fo r  

the c l e f t  p a la te  speakers, the range i s  6.05 dB. Figure 5 a lso  shows 

a d iffe re n c e  in  the p a tte rn  of vowel means between normal and c l e f t  

p a la te  speakers. For the  c le f t  p a la te  su b je c ts , the means fo r both 

high vowels, / i /  and / u / ,  a re  seen to  exceed s u b s ta n t ia l ly  those  fo r  

/œ / and / o / .  While the mean fo r  / i /  i s  again the  g re a te s t  fo r  the 

normal speakers, the d iffe re n c e s  among th e  means fo r  the  vowels / u / ,

/œ /, and / a /  are  extrem ely sm all.

The supplementary analyses of va rian ce , d isp layed  in  Tables 2
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and 3, show th a t  while th e  vowel simple e f f e c t  i s  s ig n if ic a n t  fo r  both 

male and fem ale c l e f t  p a la te  speakers, th e  vowel e f f e c t  i s  no t s ig n i f i 

cant fo r e i th e r  male or female norm als. Thus, the  s ig n if ic a n t  condi- 

tion-by-vow el in te ra c t io n  de tec ted  by the  o v e ra ll  an a ly s is  o f variance 

appears to  r e s u l t  from the presence of s ig n if ic a n t  vowel d iffe ren c e s  

fo r  the c l e f t  p a la te  speakers and the  absence of such d iffe re n c e s  fo r  

the normals.

I t  may be noted here th a t  d iffe re n c e s  between the  mean SPL d if 

ference measures fo r  the normal and c l e f t  p a la te  speakers, p rev iously  

shown in  th e  cond ition  main e f f e c t ,  v a rie s  as a function  of the  vowel 

produced. For example, the d iffe ren ce  between the two su b je c t groups 

fo r / i /  i s  11.63 dB; fo r  / u / ,  12.24 dB; fo r  / » / ,  8.51 dB; and fo r  / a / ,  

9.22 dB. These d a ta  suggest th a t  g re a te r  d iffe ren c e s  between the means 

fo r  c l e f t  p a la te  and normal speakers e x is t  in  the production of high 

than of low vowels.

While the o v e ra ll  a n a ly sis  of variance f a i le d  to  rev e a l a s ig 

n if ic a n t  condition-by-sBX-by-vowel in te r a c t io n , the  tren d s  w ith in  th i s  

in te ra c tio n  a re  of some in te r e s t  and may be u se fu l in  understanding the 

condition-by-vow el in te r a c t io n .  The means involved in  th is  in te ra c tio n , 

averaged over a l l  in te n s i ty  le v e ls , a re  p lo tte d  in  F igure 6 . S pec ific 

a l ly ,  fo r  c l e f t  p a la te  fem ales, the g re a te s t  mean SPL d iffe ren c e  measure 

occurs fo r  / i / ,  38.64 dB, follow ed by those fo r  / u / ,  36.45 dB, / a / ,

30.63 dO and / » / ,  30.45 dB. For norm al-speaking female su b je c ts , the  

g re a te s t mean SPL d iffe ren c e  measure i s  seen fo r  / i / ,  27.28 dB, followed 

by th a t fo r  / u / ,  24.34 dB, /□ / ,  24.22 dB, and /» / ,  23,95 dB. For c l e f t  

p a la te  m ales, the  g re a te s t  mean SPL d iffe re n c e  occurs fo r  / i / ,  37.47 dB,
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followed by those  fo r  / u / ,  35,83 dB, /æ / ,  33.97 dB, and / a / ,  33.37 dB. 

For normal m ales, the g re a te s t  mean SPL d iffe ren c e  measure i s  seen fo r  

/ i / ,  25.58 dB, followed by those fo r  / u / ,  23.45 dB, / = / ,  23.44 dB, and 

/ a / ,  21.34 dB.

I t  may be seen from Figure 6 th a t  the range of vowel means fo r  

the  c l e f t  p a la te  female su b je c ts , 8.19 dB, s u b s ta n t ia l ly  exceeds th a t  

fo r c l e f t  p a la te  males, 4.10 dB, normal males, 4 .24  dB, or normal fe 

males, 3.33 dB. I t  would appear from these  d a ta  th a t  the d iffe ren ce  in  

mean SPL measures between high and low vowels, seen fo r  c l e f t  p a la te  

speakers in  th e  condition-by-vow el in te ra c t io n , i s  a t t r ib u ta b le  to  a 

s ig n if ic a n t  degree to  th e  performance of the c l e f t  p a la te  female speak

e r s .  In te re s t in g ly , the  p a tte rn  of vowel means fo r  the  c l e f t  p a la te  

males more n e a rly  resem bles the  p a tte rn  seen fo r  th e  normal male and fe 

male speakers. I t  i s  p o ss ib le , th a t ,  were la rg e r  samples of speakers 

employed in  t h i s  study , a  s ig n i f ic a n t  condition-by—sex-by—vowel in te r 

ac tion  might have been ob ta ined . This r e la tio n s h ip  deserves fu r th e r  

study.

In te n s ity  Levels 

F igure 7 p resen ts  a p lo t  o f the  means involved in  the  s ig n i f i 

can t in te n s i ty  main e f f e c t  d e tec ted  by the  o v e ra ll  an a ly sis  of v a ri

ance. This F igure shows th a t ,  averaged across co n d itio n s , sexes, and 

vowels, the mean SPL d iffe ren c e  measure fo r  each o f the fou r in te n s ity  

le v e ls  i s  32.30 dB, 30.41 dB, 28.29 dB, and 26.60 dB fo r  In te n s ity  

Levels I (70 dO), I I  (75 dB), I I I  (80 dO), and lU (85 dB) re s p e c tiv e ly . 

These d a ta  suggest th a t  the mean SPL d iffe ren ce  measure v a rie s  as a 

function  of vocal in te n s i ty  le v e l .  The data  show th a t  a c o n s is te n t
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decrease in  the mean SPL d iffe re n c e  i s  a sso c ia ted  w ith each 5 dB in c re 

ment in  vocal in te n s i ty  from 70 to  85 d8 SPL. The amount of decrease  

in  the  mean SPL d iffe re n c e  measure i s  s im ila r  between each successive  

In te n s ity  Level: 1,89 dB between In te n s ity  Levels I and I I ,  2 .12 dB be

tween In te n s ity  Levels I I  and I I I ,  and 1.69 dB between In te n s ity  Levels 

I I I  and IV.

The presence of a  s ig n if ic a n t  c o n d itto n -b y -in te n s ity  i n t e r 

ac tio n  in d ic a te s  th a t  the  e f f e c ts  of vocal in te n s i ty  le v e l  on the  SPL 

d iffe ren c e  measure, c i te d  above, d i f f e r s  fo r  the  normal and c l e f t  p a la te  

speakers. Means involved in  t h i s  in te ra c t io n  averaged over a l l  sexes 

and vowels, a re  d isp layed  in  Figure 8. In spection  of the  means in  Fig

u re  8 shows th a t  the  mean SPL d iffe re n c e  measure of the  c l e f t  p a la te  

su b je c ts  a t  In te n s ity  Level I  i s  36.63 dB; a t  In te n s ity  Level I I ,  35.50 

dB; a t  In te n s ity  Level I I I ,  33.96 dB; and a t  In te n s i ty  Level IV, 32.31 

dB. The mean of the  normal su b je c ts  a t  In te n s ity  Level I  i s  27.97 dB; 

a t  In te n s ity  Level I I ,  25.32 dB; a t  In te n s ity  le v e l  I I I ,  22.63 dB; and 

a t  In te n s ity  Level IV, 20.89 dB.

I t  may be seen th a t  while both groups o f su b jen ts  evidence a 

decrease  in  the SPL d iffe re n c e  measure w ith each 5 dB increm ent in  vocal 

in te n s i ty ,  the  amount of decrease i s  no t the  same fo r  each group. The 

normal su b je c ts , fo r  example, show a  decrease in  th e  mean SPL d i f f e r 

ence measure o f 2.65 dB between In te n s ity  Levels I  and I I ,  2.69 between 

In te n s ity  Levels I I  and I I I ,  and 1.74 between In te n s ity  Levels I I I  and 

IV. The c le f t  p a la te  su b je c ts  evidence a decrease in  the  mean SPL d i f 

ference  measure of 1.13 dB between In te n s ity  Levels I and I I ,  1 .54 dB 

between In te n s ity  Levels I I  and I I I ,  and 1.65 dB between In te n s ity
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Levels I I I  and IV. From the low est to  the h ig h es t in te n s i ty  le v e ls , the 

decrease in  the mean SPL d iffe ren ce  measure fo r  the  normal su b je c ts  i s  

7.08 dB. For the c l e f t  p a la te  s u b je c ts , th is  decrease i s  4.32 dB.

The supplementary a n a ly sis  of variance , d isp layed  in  Tables 2 

and 3, show th a t the in te n s i ty  sim ple e f fe c t  i s  s ig n if ic a n t  fo r  both 

male and female c l e f t  p a la te  and normal speakers. This in d ic a te s  th a t  

not only i s  th e re  a s ig n if ic a n t  in te n s i ty  e f f e c t  on the  SPL d iffe ren ce  

measure between the  normal and c l e f t  p a la te  groups, bu t th e re  i s  a lso  a 

s ig n if ic a n t  in te n s i ty  e f fe c t  fo r  both male and female su b je c ts  w ith in  

each group.

Inspection  of Figure 8 fu r th e r  shows th a t  the  d iffe ren ces  be

tween the mean SPl measures fo r normal and c l e f t  p a la te  speakers, p re

v iously  shown in  the  condition  mein e f f e c t ,  o b ta in  a t  each o f the four 

in te n s i ty  le v e ls  in  th is  study . I t  may be seen th a t  a t  each in te n s i ty  

le v e l,  the  mean SPL d iffe ren ce  fo r  th e  c l e f t  p a la te  speakers substan

t i a l l y  exceeds th a t  fo r  normals. These in te rg roup  d iffe ren c e s  amount to  

8.66 dB a t  In te n s ity  Level I ,  10.18 dB a t  In te n s ity  Level I I ,  11.33 dB 

a t  In te n s ity  Level I I I ,  and 11.42 dB a t  In te n s ity  Level IV. Thus, the 

in te rg roup  d iffe ren c e s  increase  as vocal in te n s i ty  le v e l i s  in creased .

D iscussion

The fin d in g s of the p resen t study show th a t  the  magnitude of 

the  mean n a sa l-"o ra l"  SPL d iffe ren c e  measure d i f f e r s  s ig n if ic a n t ly  fo r 

the  normal and c l e f t  p a la te  speakers. The means obtained  in  the p resen t 

study are  s im ila r to  those obtained in  o ther s tu d ie s  o f the SPL d i f f e r 

ence measure in  which the su b jec t and vowel sam ples, in strum en ta tion , 

and experim ental procedures are d i r e c t ly  comparable. For in s tan ce .
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Bryan (^ ) , Counihan and P ie rce  (8 ) , and Richards (31) u t i l iz e d  a h ighly  

s im ila r  apparatus and procedure to  study SPL d iffe re n c e s  in  production 

of iso la te d  vowels by e i th e r  normal and/or c le f t - p a la te  speakers a t  a 

s in g le  vocal in te n s i ty  le v e l  (75 dB SPL). I f  the  p re se n t da ta  a t  the 

75 dB le v e l are  compared w ith the  find ings o f these  s tu d ie s , s im ila r re 

la t io n sh ip s  are  seen to  o b ta in . For in s ta n c e , R ichards (31) and Couni

han and P ierce  (8) re p o r t  mean SPL d iffe ren c e s  fo r  th e i r  normal-speaking 

groups of 28.85 dB and 22.0 dB, re s p e c tiv e ly . In th e  p resen t in v e s tig a 

t io n , the  mean SPL d iffe ren c e  found fo r  normal speakers a t  the 75 dB 

le v e l  i s  25.32 dB. In th e i r  study of c l e f t  p a la te  speakers, Bryan (4) 

and Counihan and P ierce  ( ^  re p o r t  mean SPL d iffe re n c e s  of 34.2 dB and 

32.0 dB, re sp e c tiv e ly . R ichards (31) re p o r ts  a  mean SPL d iffe ren ce  of 

33.25 dB fo r  c l e f t  p a la te  su b je c ts  w ith presumed velopharyngeal inade

quacy. These means may be compared with the  mean SPL d iffe ren c e  of

35.50 dB obtained fo r  th e  p re sen t c l e f t  p a la te  group a t  th e  75 dB le v e l .  

Considering the  d iffe ren c e s  in  su b je c t sample s iz e  and the  expected 

he te rogene ity  of the su b je c t samples s tu d ie d , these  d a ta  would appear 

to  be in  reasonably c lo se  agreement.

The p resen t d a ta  fo r  normal speakers i s  a lso  genera lly  compati

b le  w ith mean SPL d iffe re n c e s  rep o rted  by H irano, Takeuchi, and H iroto 

(18) who s tu d ied  normal Oapanese vowels in  a v a r ie ty  o f consonant con

te x t s .  The mean SPL d if fe re n c e , c a lcu la te d  from raw d a ta  presented by 

these  in v e s tig a to rs  (excluding d a ta  fo r  vowels in  n asa l consonant con

t e x t s ) ,  i s  23.59 dB. This mean i s  w ell w ith in  the range of means fo r  

normal vowels reported  above. Weiss (43), in v e s tig a tin g  SPL d iffe ren ces  

fo r  hypernasal speakers, inc lud ing  some c l e f t  p a la te  su b je c ts , re p o rts  a



52
mean SPL d iffe ren ce  of 33.10 dB fo r  th is  su b je c t group. This mean i s  

s im ila r  to  those obtained fo r  c l e f t  p a la te  su b je c t groups repo rted  

p rev io u s ly . Summers (41). however, using the same apparatus employed by 

Weiss (43)« stud ied  vowels produced by normal speakers a t  fou r vocal in 

te n s i ty  le v e ls  (from 58 dB to  84 dB SPL). He found a mean SPL d i f f e r 

ence, over a l l  in te n s i ty  le v e ls ,  of 33.0 dB. This mean, i t  may be seen, 

i s  s im ila r  to  th a t  ob tained  acro ss a l l  in te n s i ty  le v e ls  fo r  the  c le f t  

p a la te  group in  the  p resen t in v e s tig a tio n  and to  th a t  obtained  by Weiss 

fo r  hypernasal speakers (43 ).

The reasons fo r  the r e la t iv e ly  high mean values repo rted  by 

Summers fo r  normal speakers are  not immediately apparen t. In  any case, 

the  weight of the  data  across s tu d ie s  suggests th a t  mean SPL d iffe ren ces  

ob tained  fo r groups of c l e f t  p a la te  su b je c ts  tend to  be su b s ta n tia l ly  

g re a te r  than those obtained  fo r  groups of normal s u b je c ts .

Comparisons of the  d iffe re n c e s  between the  means fo r  normal and 

c l e f t  p a la te  groups suggest th a t  d iffe ren c e s  of the  magnitude of 4 to  10 

dB may be expected when such groups a re  compared. In the p resen t study 

and th a t  of Counihan and P ierce  ( ^ , in te rg roup  d iffe ren c e s  approximate 

10 dB. Richards (31) re p o r ts  an in te rg roup  d iffe ren c e  of 4 dB and Shel

ton , Knox, Arndt, and A lbert (38), comparing mean SPL d iffe ren c e s  fo r 

the same f i f te e n  c l e f t  p a la te  speakers with and w ithout o b tu ra to rs  in  

p lace , re p o r t  an in te rg roup  d iffe re n c e  of 6 dB.

That c l e f t  p a la te  and normal groups should d i f f e r  with re sp ec t 

to  the  SPL d iffe ren ce  measure might be expected on the b a s is  of s tu d ie s  

employing s in g le  su b je c ts  with sp e c if ie d  and c o n tro lle d  increm ents in  

n a sa l t r a c t  coupling a re a . I t  w il l  be re c a lle d  th a t  Olson (29) found a



53
rank c o rre la t io n  (Kendall Tau) o f 1.0 between n a sa l~ "o ra l"  SPL d iffe re n c e  

measures and s iz e  of the  naso-pharyngeal a p e rtu re  when he employed a 

s in g le  normal su b jec t who wore a  speech app liance  w ith a v a ria b le  n asa l 

o r i f ic e .  Through the use of a s im ila r  experim ental speech appliance 

which perm itted  c o n tro lle d  v a r ia tio n s  in  th e  degree of o ra l-n a sa l coup

lin g  with a s in g le , male c l e f t  p a la te  su b je c t , Gchsner (28) found sy s te 

matic in c re a se s  in  the n a sa l SPL and SPL d iffe re n c e  measure with in c re a 

ses in  the s iz e  of the n a sa l a p e r tu re . On th e  b a s is  of the p resen t d a ta , 

i t  would appear reasonable  to  sp scu la te  th a t  th e  SPL d iffe ren ce  measure 

i s  s e n s it iv e  to o ra l-n a sa l  t r a c t  coupling and th a t  th i s  aco u stic  measure 

may be u se fu l in  d isc rim in a tin g  speakers w ith abnormally la rg e  velo

pharyngeal openings from those  w ith sm all velopharyngeal a p e r tu re s .

The p resen t in v e s tig a tio n  shows th a t  the  sex main e f fe c t  and a l l  

sex in te ra c t io n s  are  no t s ig n i f ic a n t .  This suggests th a t  the fin d in g s  of 

the co n d itio n , vowel, and in te n s i ty  main e f f e c ts  and in te ra c tio n s  do not 

vary s ig n if ic a n t ly  fo r  female and male s u b je c ts . The absence of a s ig 

n if ic a n t  sex main e f f e c t  o r in te ra c t io n  i s  c o n s is te n t w ith fin d in g s of 

o ther in v e s tig a tio n s  of SPL d iffe re n c e s . Counihan and P ierce  in  

th e ir  study of normal and c l e f t  p a la te  speakers, and Summers (41) in  h is  

in v e s tig a tio n  of normal speakers found s im ila r  n o n s ig n ific an t sex main 

e f fe c ts  and in te ra c t io n s . I t  i s  of in te r e s t  th a t  both in v e s tig a to rs , on 

examining tren d s w ith in  th e i r  d a ta , noted somewhat g re a te r  mean SPL d i f 

ferences fo r  females than fo r  m ales, approxim ating 3 dB. This p a tte rn  

was not observed in  the  p resen t study . Female su b je c ts , across condi

t io n s , vowels, and in te n s i t i e s ,  d isp lay  a mean SPL d iffe ren ce  measure o f

29.50 dB w hile the males show a mean SPL d iffe re n c e  of 29.31 dB. Thus,
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i f  rjrea te r SPL d iffe ren ce  measures e x is t  c o n s is te n tly  fo r fem ale than 

fo r male speakers, i t  i s  no t demonstrated in  the  p resen t in v e s tig a tio n .

The p resen t study a lso  in d ic a te s  th a t  mean SPL d iffe re n c e s  vary 

as a function  of the vowel produced fo r  c l e f t  p a la te  but not fo r  the

normal speakers. For the  c l e f t  p a la te  speakers, s u b s ta n tia l ly  g rea te r  

mean SPL d iffe ren ces  a re  found for the  high vowels / i /  and / u /  than fo r 

the low vowels / a /  and / a / .  This find ing  i s  c o n s is te n t with e x is tin g  

d a ta  (£, 8̂ , 3 1 ) . For the normal speakers, a s l ig h t ly  g re a te r  mean SPL 

d iffe ren ce  measure i s  found fo r the high vowel / i /  than fo r  th e  o ther 

vowels s tu d ied . The d iffe re n c e s  between means a re , however, sm all and 

f a i l  to reach s t a t i s t i c a l  s ig n if ic a n c e . I t  i s  of in te r e s t ,  however, and

th is  trend  i s  seen in  o th e r s tu d ie s  (8̂ , 18, 41 ), th a t  the rank order of

the vowel means fo r  the  normal speakers i s  s im ila r  to  th a t  seen fo r  the 

c l e f t  p a la te  group. This has caused the  sp ecu la tio n  th a t  th e  p a tte rn  

of vowel means seen in  c l e f t  p a la te  speakers rep re se n ts  an ex agerra tion  

of a p a tte rn  observed in  normal speech, ra th e r  than a p a tte rn  th a t  i s  

d i f f e re n t  in  k ind.

I t  would appear from the p resen t study and c o rre la t iv e  data  

from o th er s tu d ie s  th a t  one e f fe c t  of coupling the  nasal to  th e  o ra l 

t r a c t s  i s  to  in c rease  the SPL d iffe ren ce  fo r  the high r e la t iv e  to  the  

low vowels. This i s  r e f le c te d  in  an in creased  range of vowel means fo r 

the c l e f t  p a la te  r e la t iv e  to  the normal speaking group. In  th e  p resen t 

study, the range of vowel means fo r the  normal speakers i s  3,64 dB, while 

fo r the c l e f t  p a la te  speakers i t  i s  6.05 dB. These data  a re  q u ite  consis

te n t  with the find ings of o th er s tu d ie s . For normal speakers, ranges 

of 3 dB and 3.B dB are  rep o rted  by Summers (41) and by Counihan and



55
Pierce  (ë[), re sp e c tiv e ly . For c l e f t  p a la te  speakers, ranges o f 10 dB,

8.3 dB, and 6 dB a re  repo rted  by Counihan and P ierce  (B), R ichards (31), 

and Bryan (^ ) , re sp e c tiv e ly . Ochsner*s (28) d a ta  fo r  is o la te d  vowels 

produced under various cond itions of n asa l t r a c t  coupling a re  a lso  r e le 

vant h e re . Under a no-coupling co n d itio n , the  range of vowel means fo r  

her s in g le  su b je c t i s  3.8 dB; under the  la rg e s t  a rea  of n asa l t r a c t  coup

lin g  (.785 cm^), the  range i s  6 .6  dB.

The trends toward g re a te r  mean SPL d iffe re n c e s  fo r  the  high 

vowel / i /  than fo r  the  low vowels /æ /  and / a /  in  th e  normal d a ta , suggest 

th a t  fa c to rs  o th er than velopharyngeal opening a f f e c t  the  s iz s  of the SPL 

d iffe re n c e . A high vowel such as / i /  i s  produced in  normals w ith a more 

complete v e la r s e a l  than a re  the low vowels / » /  and / a /  (2 5 ). I f  velo

pharyngeal opening were the  only determ inant o f the  s iz e  of the  SPL d if 

ference , low ra th e r  than high vowels should d isp lay  g re a te r  SPL d i f f e r 

ences. The f a c t  th a t  th is  i s  no t found to  be the case , p o in ts  to  the  im

portance of o ra l  Impedance. I t  seems reasonable  to  sp ecu la te  th a t  a 

g re a te r  p roportion  o f sound energy i s  ra d ia te d  in to  the n asa l t r a c t  when 

the tongue i s  high in  the mouth, as i t  i s  fo r  / i / ,  than when i t  i s  low, 

as i t  i s  fo r  / a /  o r /ee/.

The g re a tly  increased  SPL d iffe re n c e s  fo r  high than fo r  low 

vowels in  su b je c ts  with velopharyngeal incompetency a lso  f i t s  in  with 

th is  reason ing . Assuming a constan t a rea  of n asa l opening, i t  i s  evident 

th a t a p ro p o rtio n a lly  g re a te r  amount of aco u stic  energy w il l  be d is tr ib u 

ted through the n asa l t r a c t  when o ra l  impedance i s  high than when i t  i s  

low. I f  th is  i s  so , one would expect a heightened in tra -n a s a l  sound 

p ressure  le v e l and a g re a te r  n a sa l-"o ra l"  SPL d iffe ren c e  measure fo r  high
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re la t iv e  to  loui vowels. The p resen t d a ta  tend to  support the  concept 

advanced by C u rtis  (10) th a t  when assessing  the  d is t r ib u t io n  o f acoustic  

energy through the  vocal t r a c t ,  th e  s iz e  of th e  velopharyngeal opening 

cannot be considered ap a rt from the  amount of o ra l  t r a c t  Impedance.

One o th er fa c to r  needs to  be considered , and t h i s  r e la te s  to  

the procedures employed in  the  p resen t experim ent. I f  one re q u ire s  a l l  

vowels to  be produced by su b je c ts  a t  a uniform in te n s i ty  le v e l ,  measured 

some constan t d is tan ce  from the l ip s ,  the amount of energy generated a t  

the  g lo t ta l  source cannot be assumed equal fo r  a l l  vowels. I t  i s  w ell- 

e s tab lish ed  th a t  (13, 24, 34) th e re  are  d iffe ren c e s  in  th e  r e la t iv e  

power of n a tu ra l  vowels. The d iffe re n c e s  between the  power of the weak

e s t  vowel / i /  and a vowel w ith r e la t iv e ly  g re a t power such as / a /  may 

be as g re a t as 5 dB (13). To achieve a given uniform in te n s i ty  le v e l a t  

some p o in t o u ts id e  the mouth, a  s u b s ta n t ia l ly  g re a te r  source energy must 

be generated fo r  / i /  than fo r  / o / .  Again, assuming a co n stan t a rea  of 

nasa l coupling , i t  can be assumed th a t  some p roportion  of t h i s  increased  

source energy w ill  be ra d ia te d  through the  n a sa l t r a c t ,  in c reas in g  the 

in tra -n a s a l  sound in te n s i ty  to  a g re a te r  ex ten t fo r "weak" than fo r  

"strong" vowels. The increased  in tra -n a s a l  sound in te n s i ty  found fo r  

the  weaker high vowels, / i /  and / u / ,  provided by c l e f t  p a la te  speakers 

may r e la te  to  the requirem ent o f the p resen t study th a t  a l l  vowels must 

be produced a t  sp e c ified  uniform in te n s i ty  le v e ls .

R ecently , Schwartz (35) has reported  s ig n if ic a n t ly  d i f fe re n t  

p a tte rn s  o f in tr a -n a s a l  sound p ressu re  le v e ls  fo r  vowels produced by 

male and female normal speakers. He has noted th a t normal females show 

s ig n if ic a n t ly  g re a te r  in tr a -n a s a l  sound p ressu re  fo r  high than fo r  low
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voujols, while normal males show no s ig n if ic a n t  d if fe re n c e s  in  n asa l sound 

p ressu res  across vowels. The absence of sex in te ra c t io n s  in  the  p resen t 

study suggests th a t ,  i f  such d iffe re n c e s  e x is t  between male and female 

normal speakers, i t  i s  not dem onstrated by the  p re sen t experim ent. To 

the  co n tra ry , in sp ec tio n  of th e  raw data  suggests th a t  th e  range of vowel 

means fo r  normal males exceeds th a t  fo r normal fem ales. Trends w ith in  

the p resen t d a ta  suggest, however, tiiaL c l e f t  p a la te  fem ales d isp lay  a 

su b s ta n tia l ly  g re a te r  range of SPL d iffe ren ces fo r  vowels than c l e f t  

p a la te  m ales. Ulhen means a re  averaged over a l l  in te n s i ty  le v e ls , the 

range of vowel means fo r  c l e f t  p a la te  fem ales, 8.19 dB s u b s ta n tia l ly  ex

ceeds th a t  fo r  males, 4.10 dB.

The fin d in g s  o f the  p re se n t study a lso  in d ic a te  th a t  v a r ia tio n s  

in  vocal in te n s i ty ,  w ith in  the  in te n s i ty  range sp e c if ie d  (70-85 dB SPL), 

have an e f fe c t  upon the s iz e  o f th e  SPL d iffe re n c e  measure, and th a t 

t h i s  e f fe c t  d i f f e r s  s ig n if ic a n t ly  fo r  the normal and c l e f t  p a la te  speak

e r s .  P resen t fin d in g s in d ic a te  th a t  while the  s iz e  of the  mean SPL d i f 

ference  tends to  decrease with each 5 dB in c re ase  in  vocal in te n s i ty  

le v e l ,  the  amount of decrease i s  g re a te r  fo r  th e  normal than fo r  the 

c l e f t  p a la te  speakers. The o v e ra l l  decrease in  the  SPL d iffe ren ce  from 

70 to  85 dB SPL fo r  the normals i s  7.08 dB; fo r  th e  c l e f t  p a la te  speak

e rs , the decrease i s  4.32 dB.

The p resen t data  are  in  general agreement w ith d a ta  p rev iously  

repo rted  by Summers (41), who s tu d ied  a group o f normal speakers, and by 

Ochsner (28) who stud ied  a s in g le  su b jec t under various conditions of 

n asa l t r a c t  coupling. These in v e s tig a to rs  re p o r t  a decrease in  the 

s iz e  of the SPL d iffe ren c e  as a function  of in c reased  vocal in te n s i ty .
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Summers (41), fo r  in s ta n c e , re p o r ts  a decrease o f 7 dB in  the SPL d i f 

ference  as vocal in te n s i ty  i s  increased  from 57 to  84 dB SPL. Ochsner 

(28) noted th a t ,  as vocal in te n s i ty  loas increased  from 70 to  85 dB, 

th e re  uias a decrease of 2 .7  dB in  the SPL d iffe re n c e  in  the 0 cm^ coup

lin g  condition  and a decrease o f 7 .3  dB in  th e  .0314 cm^ coupling condi

t io n ,  her second sm allest coupling co n d itio n . S ince a l l  normal vowels 

a re  not produced with a complete v e la r  s e a l ,  comparisons of the  p resen t 

w ith the Ochsner da ta  under co n d itio n s of le s s  than complete nasa l t r a c t  

c lo su re  would seem d e fe n s ib le . The p resen t d a ta , which show a 7 dB de

c rease  in  the SPL d iffe ren ce  w ith a  vocal in te n s i ty  in c rease  from 70 to  

85 dB, would seem to be com patible with both the Summers and the  Ochsner 

d a ta .

Ths p resen t fin d in g s r e la te d  to  c l e f t  p a la te  speakers, however, 

d i f f e r  from those repo rted  by Ochsner (28) fo r  her s in g le  su b je c t under 

the  la rg e s t  cond itions o f n asa l opening (5.036 cm^ and .785 cm^). Ochs

ner re p o rts  a s u b s ta n t ia l ly  g re a te r  decrease in  th e  SPL d iffe ren ce  mea

su re  with increased  vocal in te n s i ty  in  these  la rg e r  coupling cond itions 

than in  the  no-coupling or sm all a rea  (.0314 cm^) coupling co n d itio n s .

In the  .785 cm  ̂ coupling co n d itio n , fo r  example, Ochsner re p o rts  th a t  a 

15 dB increment in  vocal in te n s i ty  le v e l re s u l te d  in  a 13.6 dB decrease 

in  the  SPL d iffe re n c e . In the p resen t study , th e  decrease in  the SPL 

d iffe re n c e  w ith a 15 dB increase  in  vocal in te n s i ty  averaged only 4.32 

dB. The maximum decrease in  the  SPL d iffe ren ce  evidenced by any s in g le  

su b je c t in  the p resen t study was 7.38 dB. I t  seems reasonable to  con

clude th a t  the amount of decrease in  the  SPL d iffe re n c e  evidenced by 

c l e f t  p a la te  speakers with velopharyngeal incompetency, w ithin  the
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p resen t range of vocal in te n s i ty ,  i s  s u b s ta n tia l ly  le s s  than might be 

in fe rre d  from the Ochsner d a ta . F u rther, co n tra ry  to  the Ochsner study, 

the p resen t study suggests th a t  a  g rea te r  decrease  in  the  SPL d i f f e r 

ence measure occurs w ith increased  vocal in te n s i ty  when the  area  of 

n asa l t r a c t  coupling i s  sm all r a th e r  than when i t  i s  la rg e . The data  

fu r th e r  suggest th a t  the  performance of O chsner's s in g le  su b jec t may not 

be re p re se n ta tiv e  of the performance of c l e f t  p a la te  su b jec ts  p resen ting  

velopharyngeal incompetency.

In c o n tra s tin g  the p resen t da ta  w ith those  of Ochsner (28), 

se v e ra l fa c to rs  should be borne in  mind. F i r s t ,  d i r e c t  comparisons of 

the p resen t c l e f t  p a la te  group w ith O chsner's s in g le  su b jec t a t  the l a r 

g e s t coupling cond itions employed in  th a t  experiment i s  open to  some

q u estio n . The e x te n t to  which the  range of coupling cond itions stud ied

by Ochsner rep re sen t the  areas of n asa l t r a c t  coupling seen in  the

p re sen t c l e f t  p a la te  group i s  unknown, since  no p rec ise  measures of velo

pharyngeal c lo su re  were made in  th e  p resen t s tu d y . Second, the  range of 

coupling cond itions s tud ied  by Ochsner may be too r e s t r i c t i v e .  Fant 

(14), fo r  example, no tes th a t  n a sa liz a tio n  e f f e c ts  come in to  play when 

the a rea  of nasal t r a c t  coupling exceeds .68 cm^. The la rg e s t  coupling 

a rea  employed in  the Ochsner study only s l ig h t ly  exceeds th is  c r i t i c a l  

p o in t. The Ochsner d a ta  provide no firm  d a ta  concerning the  r e la tio n 

sh ip s of concern beyond the .785 cm  ̂ coupling a re a . I t  i s  possib le  

th a t  the p resen t c l e f t  p a la te  su b je c ts , se le c te d  on the  b asis  of v e la r 

inadequacy, evidenced coupling a reas w ell in  excess o f those included 

in  the Ochsner study . Third, and re la te d  to  th e  preceding p o in t, i t  i s  

p o ss ib le  th a t su b je c ts  are  capable of s u b s ta n t ia l  vocal t r a c t  ad ju s t
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ments which may compensate fo r n asa l t r a c t  coupling e f f e c ts ,  sp e c if ic 

a l ly  adjustm ents of l in g u a l  he igh t and degree o f mouth opening. Such 

adjustm ents may be r e la t iv e ly  e f fe c tiv e  w ith in  a r e la t iv e ly  narrow range 

of v e la r  openings, bu t le s s  e f fe c tiv e  once a s u f f ic ie n t ly  la rg e  a rea  of 

coupling i s  reached. Fourth , the  p resen t d a ta  deal ex c lu siv e ly  with 

comparisons of normal su b je c ts  and su b je c ts  w ith presumed velopharyngeal 

incom petence. No attem pt was made to  explore o r sp ec ify  the SPL d i f f e r 

ences th a t  an in d iv id u a l su b jec t might ob ta in  in  response to  v a r ia tio n s  

in  both vocal in te n s i ty  and n asa l t r a c t  coupling a re a . The experim ental 

ta sk s  requ ired  in  th e  p resen t study and in  th e  Ochsner study may be 

q u ite  d i f f e re n t  in  k in d .

The p resen t f in d in g s , n one the less , appear c o n s is te n t with ex

pected re la t io n s h ip s . F i r s t ,  i t  seems reasonab le  to expect th a t  in 

c re ase s  in  g lo t t a l  source in te n s i ty  w il l  be re f le c te d  in  in c reases  in  

in tr a -n a s a l  sound in te n s i ty  to  a g re a te r  e x te n t when th e  a rea  of nasa l 

t r a c t  coupling i s  la rg e  than when i t  i s  sm all. Second, assuming th a t  

source in te n s i ty  must be increased  to  a g re a te r  ex ten t when the  a rea  of 

coupling i s  la rg e  than  when i t  i s  sm all, due to  the increased  energy ab

so rp tio n  of the vocal t r a c t ,  the amount of aco u stic  energy a v a ila b le  fo r  

transm ission  through th e  nasal t r a c t  i s  g re a te r  when the  a rea  of coup

lin g  i s  la rg e  than when i t  i s  sm all. Both of these  fa c to rs  should have 

the  e f f e c t  of in c re as in g  in tra -n a s a l  sound in te n s i ty  and, assuming a 

uniform vocal (o ra l)  in te n s i ty  le v e l ,  o f in c reas in g  the  s iz e  of the 

n a sa l-" o ra l"  SPL d iffe re n c e  measure.

I t  might be argued on these  prem ises th a t  the  c l e f t  p a la te  

speakers should not dem onstrate any ap p rec iab le  decrease in  the SPL



61
d iffe ren ce  measure w ith increased  vocal in te n s i ty .  The Ochsner da ta  

(28) i s  re le v a n t to  t h i s  p o in t. Sha re p o r ts  th a t  5 dB increm ents in  

vocal in te n s i ty  le v e l a re  not re f le c te d  in  id e n t ic a l  increm ents in  

in tra -n a s a l  sound in te n s i ty .  The n asa l t r a c t ,  because o f i t s  sm aller 

s iz e  and g re a te r  damping, ra d ia te s  much le s s  energy than th e  mouth when 

nasal vowels are  produced. For th is  reason , i t  seems l ik e ly  th a t  5 dB 

increases in  vocal in te n s i ty  would r e s u l t  in  somewhat le s s e r  in c reases  

in  nasal sound in te n s i ty .  This i s  seen in  the  Ochsner d a ta . I t  i s  be

cause increm ents in  vocal in te n s i ty  are  no t re f le c te d  in  equ iva len t in 

creases in  the in te n s i ty  of the n asa l s ig n a l th a t  the  s iz e  of the SPL 

d iffe ren ce  decreases w ith increased  vocal in te n s i ty  le v e l .

The find ing  th a t  increased  vocal in te n s i ty  e x e r ts  a  s ig n if ic a n t  

e f fe c t  on the  SPL d iffe re n c e  would seem im portant in  l ig h t  of the use of 

the  SPL d iffe ren ce  measure as an aco u stic  c o r re la te  o f n a s a l i ty .  Re

search (4, ^  38^ 43), thus f a r ,  in d ic a te s  th a t  p e rcep tu a l ra t in g s  of 

the se v e r ity  of n a s a li ty  a re  re la te d  p o s it iv e ly  to  the  s iz e  of the  SPL 

d iffe ren c e , th a t  i s ,  more severe n a s a l i ty  r a t in g s  a re  assigned vowel 

samples w ith la rg e r  than with sm aller SPL d if fe re n c e s . Research (7) 

a lso  shows th a t ,  when l i s te n e r s  a re  perm itted  to  hear vocal in te n s i ty  

d iffe re n c e s  among speech samples, they tend to  assign  more severe n asa l

i ty  ra t in g s  to  more in te n se  than to  le s s  in te n se  speech samples. In  ex

perim ents in  which speech productions a re  allowed to  vary from speaker 

to  speaker o r , more e x p l ic i t ly ,  where productions o f the  same speaker 

are  perm itted  to vary in  in te n s i ty ,  the  re la tio n sh ip  between the  SPL 

d iffe ren ce  measure and n a s a li ty  ra t in g s  could be expected to  be dimi

nished. F u rther, i t  seems l ik e ly  th a t  the  re la tio n sh ip  between the  SPL
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d iffe re n c e  measure and r a t in g s  of the  se v e r ity  of n a s a l i ty  may vary, 

even in  experim ents where vocal in te n s i ty  i s  c o n tro lle d , depending upon 

the vocal in te n s i ty  le v e ls  employed. This p o s s ib i l i ty  deserves fu r th e r  

study .



CHAPTER U 

SUMMARY AND CONCLUSIONS

The purpose of the  p resen t study tuas to  in v e s tig a te  nasal—

"oral"  SPL d iffe ren ces  of fo u r se lec te d  vouials produced a t  four d i f f e r 

ent in te n s i ty  lev e ls  by a group of normal speakers and by a group of 

c l e f t  p a la te  speakers with presumed velopharyngeal incompetency. Six

teen c l e f t  p a la te  persons, e ig h t male and e ig h t fem ale, and s ix teen  nor

mal speakers, matched to them according to  age and sex , served as sub

je c ts .  To o b ta in  a c le f t  p a la te  sample with velopharyngeal incompetency, 

a l l  c l e f t  p a la te  sub jec ts  were requ ired  to  p resen t o ra l  b rea th -p ressu re  

r a t io s  le s s  than .75.

Each su b jec t su s ta in ed  each of the  vowels / i / ,  / u / ,  / » / ,  and / a /  

in  is o la t io n  fo r four seconds a t  each of four in te n s i ty  le v e ls ,  70, 75, 

80, and 85 dB SPL, a t  a mouth—to —microphone d is tan ce  of e ig h t inches.

The vowel samples of each su b je c t were tape-recorded  by means of a dual 

channel h ig h - f id e li ty  record ing  system, and subsequently analyzed by in 

strum entation  th a t  provided a graphic re p re se n ta tio n  of "o ra l"  and n asa l 

sound p ressu re  le v e ls . The "o ra l"  s ig n a l rep resen ted  an o v e ra ll s ig n a l 

since i t  was the sound p ressu re  le v e l measured using  a microphone posi

tioned in  f ro n t of the sp e a k e r 's  l ip s .  The nasa l sound p ressure  le v e ls  

were measured by a microphone equipped w ith a probe-tube which was placed

63
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approxim ately one-quarter inch  in s id e  the lea s t-o cc lu d ed  n a sa l meatus. 

For each item  o f the speech sample, the a rith m e tic  d iffe ren c e  between 

the  n asa l and "o ra l"  sound p ressu re  le v e ls  was obtained  and these  d i f 

ference  measures provided the  q u a n tita tiv e  a co u s tic  d a ta  o f th i s  experi

ment.

In  o rder to  evaluate  the  research  d a ta , an o v e ra ll  a n a ly sis  o f 

variance with a  f a c to r ia l  arrangement of trea tm en ts  was u t i l i z e d  in  

which the fa c to r s  were co n d itio n , sex, vowels, and in te n s i ty .  In addi

t io n , as a supplementary s t a t i s t i c a l  a n a ly s is , in d iv id u a l analyses of 

variance were performed to  examine the sim ple e f f e c ts  occurring  w ith in  

each cond ition  -  sex group. A s ig n if ic an c e  le v e l  o f .05 was se lec te d  

fo r  th is  in v e s tig a tio n .

The r e s u l ts  of th e  s t a t i s t i c a l  a n a ly s is  in d ic a te d  th a t  the con

d i t io n ,  vowel, and in te n s i ty  main e f fe c ts  as w ell as condition-by-vow el 

and c o n d itio n -b y -in te n s ity  in te ra c t io n s  were s ig n i f ic a n t .  Within the  

l im ita t io n s  o f th is  experim ent, th e  fo llow ing conclusions appear to  be 

w arranted:

1. No s ig n i f ic a n t  d if fe re n c e s  re la te d  to  the  sex of th e  speaker 
were revealed  by the  p re sen t experim ent.

2. mean SPL d iffe ren c e s  ob tained  fo r  th e  c l e f t  p a la te  group, 
averaged over a l l  vowels, s ig n if ic a n t ly  exceed those  ob
ta in ed  fo r  the  normal group.

3 . The d iffe ren c e  between the  mean SPL d iffe re n c e  measures fo r  
the c l e f t  p a la te  and norm al-speaking groups i s  g re a te r  when 
high vowels than when low vowels a re  compared.

4 . mean SPL d iffe ren c e s  obtained  fo r  the  four vowals d i f f e r  s ig 
n i f ic a n t ly  fo r  the  c l e f t  p a la te , b u t n o t fo r  the  normal
speaking group. For th e  c le f t  p a la te  group, mean SPL d i f f e r 
ences fo r  the high vowels / i /  and / u /  s u b s ta n t ia l ly  exceed 
those fo r  the low vowels / a /  and / a / .  This re la tio n sh ip  
holds a t  each of the  fou r in te n s i ty  le v e ls  s tu d ied .
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5 . mean SPL d iffe re n c e s  fo r  both the normal and c l e f t  p a la te  

groups shoui a s ig n i f ic a n t  decrease as vocal in te n s i ty  i s  in 
creased  from 70 to  85 dB SPL. With 5 dB increm ents in  "o ra l"  
in te n s i ty ,  th e re  a re  sm all decrements (1 .69 to  2.12 dB) in  
the  SPL d iffe ren c e  m easure.

6. mean SPL d iffe re n c e s  decrease to  a  s ig n i f ic a n t ly  g re a te r  ex
t e n t  fo r  the  norm al-speaking than fo r  th e  c l e f t  p a la te  group 
as vocal in te n s i ty  i s  increased  from 70 to  85 dB SPL. That 
i s ,  sm aller decrem ents in  the  s iz e  o f th e  SPL d iffe ren c e  
occur fo r  the c l e f t  p a la te  than fo r  the  normal—speaking 
group as vocal in te n s i ty  lev e l i s  in c re a se d .

7. The d iffe ren c e s  between the mean SPL d iffe re n c e  measures fo r  
the  c l e f t  p a la te  and normal-speaking groups in c reases  s ig 
n if ic a n t ly  as vocal in te n s i ty  i s  in c reased  from 70 to  85 dB 
SPL.

The experim ental design  of the p resen t study might be a l te re d  

p ro f i ta b ly  in  fu tu re  in v e s tig a tio n s  of the r e la t io n s h ip  of vocal in te n 

s i t y  and SPL d iffe ren c e  measures fo r vowels in  c l e f t  p a la te  and normal 

speakers. F i r s t ,  although an attem pt was made to  id e n tify  c l e f t  p a la te  

su b je c ts  with velopharyngeal incompetency on th e  b a s is  o f th e i r  obtained 

o ra l  b rea th -p re ssu re  r a t i o s ,  th e  experiment would have been enhanced i f  

the  degree of o ra l-n a sa l  coupling  of each s u b je c t  could have been speci

f ie d  more acc u ra te ly . With t h i s  inform ation a v a ila b le , the e f f e c t  of 

s p e c if ic  degrees of n asa l coupling on SPL d iffe re n c e  measures in  normal 

and c l e f t  p a la te  speakers could have been determ ined.

Second, the use o f su s ta in ed , is o la te d  vowels p resen ts  some 

l im ita t io n s .  I t  may be d i f f i c u l t  to  g en era lize  about th e  e f fe c t  of coup

lin g  and in te n s i ty  le v e l  changes on SPL d iffe re n c e  measures fo r connected 

speech from data  obtained  fo r  iso la te d  vowels. Evidence in  support of 

th i s  i s  provided by Bryan who rep o rts  a r e la t iv e ly  low c o rre la t io n  

c o e f f ic ie n t  (.52) between SPL d iffe ren ce  measures fo r  vowels and SPL
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d iffe ren c e  measures fo r  sen tences.

Third, i t  mould be h e lp fu l to  understand th e  amount o f vocal 

e f f o r t  th a t  mas expended by each su b jec t in  the  production of each uomel 

a t  each of the  in te n s i ty  le v e ls .  An understanding of vocal e f f o r t  exer

te d  by these  su b je c ts  mould be enhanced i f  concom itant s u b g lo tta l  p res

su re  and o ra l-n a sa l  a i r  flom d a ta  had been ob tained  mlth the  measures 

taken in  th is  study , p a r t ic u la r ly  as they r e l a te  to  the  fa c to r  of g lo t t a l  

re s is ta n c e . Since the  in ten sity -ch an g in g  mechanism fo r  normal su b je c ts  

appears to vary somemhat fo r  d if f e r e n t  p itc h e s  (2 3 ), a  sim ultaneous re 

cording of fundamental frequency along mith these  o th er measures fo r  

c l e f t  p a la te  and normal speakers mould be u s e fu l .  In a d d itio n , a fu r th e r  

understanding o f the  in te r - r e la t lo n s h lp  betmeen SPL d iffe re n c e  measures 

fo r  vomels mith in te n s i ty  le v e l  changes mould have been in c reased  i f  in 

form ation regard ing  the  presence and n a tu re  o f p o ss ib le  tongue p o s itio n  

m ithin  the o ra l  c a v ity , the  s iz e  of the  mouth opening, and th e  degree of 

p o s te r io r  and l a t e r a l  pharyngeal mall movement had been made a v a ila b le . 

The need fo r  an understanding o f the  physio log ic  events th a t  c o n tr ib u te  

to  the  acoustic  end-product remains an e s s e n t ia l  a rea  of fu r th e r  in v e s t i 

g a tio n .
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TABLE 4

NASAL-"ORAL" SPL DIFFERENCE MEASURES FOR THE FOUR
SUSTAINED VOWELS AT THE FOUR INTENSITY LEVELS

PRODUCED BY EIGHT NORMAL FEMALE SPEAKERS •

Subject
Number In te n s ity A /

Vowel

/u/ / « / /o/
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
75 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 29.0 15.0 25.0 -
85 25.5 18.5 18.0 25.0

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

a 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 5
NASAL-"ORAL" SPL DIFFERENCE MEASURES FOR THE FOUR

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

Subject
Number In te n s ity A /

Vowel

/ u / / » / /a/
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 23.0 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 29.5 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 29.0
75 20.5 20.0 32,0 24.0
80 17.0 18.0 26.0 17.5
85 19.5 17.0 28.0 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

NASAL-”ORAL" SPL DIFFERENCE MEASURES FOR THE FOUR SUSTAINED
VOWELS AT THE FOUR INTENSITY LEVELS PRODUCED BY

EIGHT CLEFT PALATE FEMALE SPEAKERS

Subject
Number In te n s ity A /

Vowel
/u/ /ae / /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
75 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
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TABLE 7

NASAL "ORAL" SPL DIFFERENCE MEASURES FOR THE FOUR SUSTAINED
VOWELS AT THE FOUR INTENSITY LEVELS PRODUCED BY

EIGHT CLEFT PALATE MALE SPEAKERS

Subject
Number In te n s ity A /

Vowel
/u/ / » / /a/

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


