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Each of two adolescents with velopharyngeal closure deficits was taught to position him
or herself on an endoscope attached to a television camera and to observe the velopharyngeal
port during the production of syllables and other units. The videoendoscope was then used
as a training apparatus, and each subject was given practice attempting to increase
velopharngeal closure while producing vowels and syllables. Videorecordings of each
subject made without feedback before, during, and after the training period were played
to panels of observers who were to rate closure during each utterance, and the data
obtained indicated that the subjects more frequently approximated complete closure as
the study progressed but that improved performance was not established on an automatic
level. Suggestions are made for the refinement and further investigation of videoendoscopic
closure training.

Videoendoscopic feedback displaying velo-

pharyngeal closure has been studied as a pos-

sible training technique for influencing velo-

pharyngeal closure (Shelton et al., 1975). In

that study, normal subjects utilized laryngeal

fixation and modification of gag to influence

non-speech velopharyngeal closure. The pur-

pose of the current report was to explore

videoendoscopic feedback in closure training

for persons with velopharyngeal closure defi-

cits. The training required each of two sub-

jects to attempt voluntary closure while pro-

ducing syllables that could be produced with

the endoscope in the mouth. Each subject
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was to observe velopharyngeal movements by

use of the videoendoscope as they occurred.

Procedure

Instrumentation. As described by Shelton et

al. (1975) a National Taub Oral Panendo-

scope (hereafter referred to as endoscope) was

coupled to a Sony AVC 3200 videocamera

and AVF 3200 viewer, and the image was

displayed to the subject during orientation

and training trials by means of a television

set which was placed within the subject's view.

Sessions and probes were recorded on video-

tape. In the current study, an isolation trans-

former was used to increase subject protection

relative to any electrical hazard that might

be present.!" A Sampson 7301 tripod was

added to the system to provide stability and

safety for the camera and ease of camera

manipulation in obtaining an image. The

tripod was adjusted so that the subject had

to sit up straight with the neck slightly ex-

'The endoscope used in this study is no longer ac-
ceptable for use with human subjects at the University
of Arizona because it requires placement of an electric
bulb in the mouth. We are now using endoscopes that
employ fiber optic cables for illumination.



tended. The subject moved onto the scope

with the mouth moderately open and the

scope just above or touching the tongue. A

mirror taped to the front of the television

camera aided the subject in this positioning.

Visualization was sometimes facilitated when

the tripod was positioned so that the shaft of

the scope was angled slightly downward. The

field of view was not sufficiently wide to allow

both sides of the pharynx to be observed

simultaneously.

Subjects. Subject 1 was a male, aged 17

years, 3 months, who was born with a cleft

of the soft and hard palate. He had undergone

pharyngeal flap surgery at age 15 years and

10 months. The surgery preceded the initia-

tion of this study by 19 months. Hypernasality

and audible nasal escape of air were evident

in the boy's speech. However, no more than

1.5 em. of water displacement in one wing of

a U tube was observed when escape was mea-

sured from both nares simultaneously. Nares

open/nares closed quotients of 0.73 and 0.60

were obtained for blowing and inhalation as

measured with a Hunter manometer. On re-

peated administrations of the 43-item lowe

Pressure Articulation Test, the boy made only

10 or 11 correct responses, and his sponta-

neous speech was often unintelligible to us

even after we were well acquainted with him.

Videoendoscopy showed that the boy closed

the velopharyngeal port on the right side of

the pharyngeal flap. The port on the boy's

left side remained open although movement

toward closure was sometimes observed. The

boy's hearing was within normal limits al-

though for the frequencies 250-8000 Hz, the

left ear thresholds of 20 to 25 dB (ISO) were

15 to 25 dB poorer than those observed in

the right ear.

Subject 2 was a 12-year-old girl who was

referred by a school speech pathologist be-

cause of suspected palatopharyngeal insuffi-

ciency. Her spontaneous speech was marked

by hypernasality and audible nasal escape of

air. However, she was able to speak essentially

normally with conscious effort. Her sponta-

neous conversation (as when we were driving

her home) was often of poor intelligibility.

Her lowa Pressure Articulation Test scores on

repeated testing ranged from 37 through 39

correct responses, and she produced as much

as 6 cm. of water displacement in one wing
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of a U tube manometer that was coupled to

both nares. Her hearing was normal.

Endoscopic observation showed a promi-

nent bulge on the posterior wall of the girl's

pharynx in the region of velopharyngeal clo-

sure (Figure 1). This appeared to represent a

prominent bony structure in the region of the
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FIGURE 1. Videoendoscopic photographs of subject

2. A shows the subject at rest, B during blowing, and C

during /pa/. The bulge on the posterior wall of the

pharynx (which is particularly evident in B), is presumed

to reflect a vertebral defect.
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first cervical vertebra-perhaps a deformity

(Osborne, Pruzansky, and Koepp-Baker,

1971). However, the family declined to have

cephalometric studies included in the project."

Endoscopic observation indicated that the

soft palate sometimes contacted the bulge on

the posterior pharyngeal wall but that ports

usually remained open on each side of that-

contact. The contact observed was produced

during stop consonants and was not produced

during isolated vowels. '
| Traimming. Early in training, each subject
learned to tolerate the endoscope, to position
him or herself on the scope both with and
without television feedback, and to recognize
the movement toward closure that was the
goal of the training. Recognition was taught
by describing variations in closure to the sub-
ject as the subject observed his or her own
ongoing orientation trials. Sometimes replay
was used to compare trials on which move-
ment toward closure varied. The study of
each subject included: orientation, baseline,
training, training session probes, and post-
treatment probes. Television feedback was
provided only during orientation and train-
ing. During baseline, probe, and post-treat-
ment. probes, the subjects produced random
arrangements of the following 21 items which
are arranged here according to categories used
in data analysis:

Consonant Vowel
Vowels (CV) Syllables

Ja/ /pa/ /ba/
Jzxe/ /paxe/ /bae/

JAJ /pA~/ [/b/

Consonant Vowel
Consonant (CVC)

Vowel Consonant
(VC) Syllables

Syllables

/ap/ j/ab/ /pap/ /bab/

/zxp/ /zxb/ /pxp/ /baxb/

/Ap/ /Ab/ /pAp/ /bAb/

These consonants and vowels were used be-

* The services were presented to each family as exper-
imental. Parents signed informed consent releases which
included the statement: Dental x-rays expose the subject
to a small amount of radiation. The radiation exposure
will be less than that used by the dentist to perform a
full-mouth x-ray examination. Each subject was paid a
small hourly salary for participation in the study.

cause they could be produced with the endo-
scope in the mouth; plosives were made by
closing the lips around the endoscope shaft.
Training involved random arrangements of
the 12 items underlined in the list presented

above. Performance was probed on the 21-
_item set to allow us to observe whether learned
performance generalized to untaught items.

Subject 1 received 15 training sessions. In
each session, from two to four sets of 12 items
were administered (a total of 46 sets of 12
training items were presented). After each
production, the boy moved off the scope, and
the light controller was turned to its lowest
setting. All training was directed to the boy's
left velopharyngeal port which we considered
to function poorly. During most training
trials, each subject was given additional de-
scriptive information regarding the magni-
tude of the movements produced. The speech
pathologist who provided the training was
free to provide this information at her discre-
tion.

Subject 2 received only six training sessions.
For each of the first four sessions, two sets of
the 12 training items were directed to the left
side of the velopharyngeal port and two to
the right side. During several baseline and
training sessions, the subject's performance
was observed during blowing and simultane-
ous blowing and phonation. Shprintzen,
McCall, and Skolnick (1975) had reported
that subjects who produced better closure dur-
ing blowing than speech could be helped to
improve speech performance by a procedure
that encouraged generalization from blowing
to speech. While our subject usually appeared
to approximate closure more nearly during
blowing than in production of isolated sylla-
bles, we observed that she came ever closer
to closure during production of strings of syl-
lables such as /pap, ap, ap, pap/. While
connected speech is not possible with the en-
doscope in the mouth, strings of syllables can
be produced. We decided to use syllable
strings in the last two training sessions. In
those sessions, the left side was trained with
a set of the 12 single syllables and then with
a set of 21 syllable strings. This was then
repeated for the right side.

Larynx displacement. We used a second cam-
era and videorecorder to study displacement
of the larynx during training and probe trials
because there is a danger that efforts to drive



thevelopharyngeal port more vigorously may

result in hyperfunctional use of the larynx

(McWilliams, Bluestone, and Musgrave,

1969; Tash et al., 1971). Informal inspection

of the tapes did not show fixation or displace-

ment of the larynx to be a problem in this

study, and data from the larynx tapes are

not reported. Nevertheless, because of the

high incidence of laryngeal voice disorders in

the cleft palate population, the larynx should

_be monitored in therapy directed to the velo-

pharyngeal port.

Data analysis. The videotapes of each base-

line, probe, and post-treatment session were

played in random order to nine or ten judges

who were trained for the task. Photographs

of each subject were used to show the velo-

pharyngeal port open, moderately closed, and

almost completely closed. Judges were in-

structed to use a five-point scale to rate the

smallest aperture observed at any moment

during each syllable. On that scale, 1 repre-

sented maximum opening, 2 wide opening, 3

moderate opening, 4 slight opening, and 5

closed. Judges were to rate each aperture

against photos of maximum opening. This

served to adjust for the fact that the aperture

was sometimes partially closed when a trial

began. Judges used the scale just described

to rate the syllable strings as well as the

isolated syllables. However, for the syllable

strings, they were instructed to assign a value

that reflected variability in closure approxi-
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mation from one segment of a string to an-

other. The judges were given rating practice

by presenting them with training trial tapes

that were not used in the assessment of the

treatment. _

_- The random order in which tapes of the

second subject were presented to the judges

'tended to present early tapes first, and the

judges found scale value 4 for that subject to

be relatively wide. They reported that, had a

scale value of 6 been available, they would

have used the value 5 more often. This sug-

gests that the rating procedure may have

worked against the demonstration of improve-

ment for subject 2. Consequently, an addi-

tional analysis of a subset of tapes from subject

2 was performed. We identified three random

arrangements of the 21 single syllable items

that had been recorded both before and after

treatment with subject 2. Each arrangement

had been used pre- and post-treatment to

assess closure on either the subject's left or

right side. That is, a pre-treatment left side

recording was not paired with a post-treat-

ment right side recording or the reverse. Two

television sets were placed side by side, and

an item from one tape was played to the

judges and then the same item was played

from the second tape. The four judges, who

did not know the order in which the tapes

had been obtained, were instructed to report

whether the closure image on the television

to their left showed an opening less than,

TABLE 1. Mean velopharyngeal closure ratings for subject 1 during baseline, probe, and post-treatment sessions.

Mean standard deviations for the ratings are also reported.* 

 

 

Baseline Treatment session probes Post-treatment probes

7/22 7/227/16 7/17 (is:, (2/72g, 7/6 a/2 apis af14 8/15

X SD X SD XSD X SD X Sb XSD X Sb X Sb X SD X SD
Vowels 2.8 2.3 2.5 2.4 1.5 2.0 2.2 2.3 2.9 2.6

.61 .50 57 .50 .82 52 _. .60 .53 .55 53
Vowel-consonant 2.9 2.3 3.3 2.7 1.6 3.3 3.0 2.7 2.9 2.7

syllables .62 .68 595 .50 64 . 74 .62 .65 55 .36
Cionsonant-vowel 3.0 2.3 2.9 2.9 2.2 4.3 4.0 3.9 3.6 3.7

syllables . 79 .63 12 .39 A9 92 64 .55 .66 .31
Consonant-vowel- 3.0 2.6 3.2 2.7 2.2 4.0 3.8 3.8 3.5 -_- 3.7

consonant . 19 .66 A2 .67 A6 Al .67 .55 .56 ©.39
syllables

All production units 2.9 2.4 2.9 2.8 2.0 3.6 3.4 3.3 3.3 3.3
combined . 70 64 .62 A7 54 57 64 .97 .59 .38 
* A standard deviation for the ratings made by the set ofjudges was computed for each vowel or syllable studied.

The standard deviations reported here are averages based on the standard deviations for each unit in each production
category.
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greater than, or equal to that shown on the

right-hand television. Assignment of tapes to

each television was randomized.

Judge Reliability

The reliability of the judges is reflected in ~~

the standard deviations reported in the data -

tables. A standard deviation of 0.00indicates

perfect judge agreement whereas a standard

deviation of 0.50 usually means judges split

with five choosing one scale value and four

an adjacent value. For the second subject,

315 single syllables (including isolated vowels)

were rated by each of nine judges. For 23 of

the syllables, the judgesassigned three of the

available five values to theperformance, and

for 48 syllables all judges agreed. For the

remaining 244 syllables, judges agreed within

one scale value. We conclude that the judges

were adequately reliable to detect any treat-

ment effect of sufficient magnitude to be

worth noting.

Results

Data for subject 1 are reported in Table 1.

For each date, ratings across the three vowels

. were averaged to provide a vowel score; and

similar averages were obtained for the other

production categories. A comparison of the:

baseline and post-treatment probe data indi-

cates higher ratings after treatment for all

contexts combined and for theCV and CVC

syllables. Closure was not uniform across the

duration of a syllable but tended to peak with

consonants. A contextual effect is evident in

Table 1 in that relatively small ratings are

associated with the isolated vowels.

We conclude that, for some of the contex-

tual categories studied, subject 1 used more

extensive movements after treatment was in-

itiated. The improvement probably involved

use of movements available to the subject

prior to the onset of the study. Certainly any

improved performance that was observed was

not established on an automatic level (Shel-

ton, 1963), and informal observation indi-

cated no improvement in his spontaneous

speech. Also, the Jowa Pressure Articulation Test

scores were the same after treatment as before.

Table 1 is based on the list of twenty-one

syllables presented earlier. We did not differ-

entiate between the syllables used in training

and those used only for generalization testing T
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because inspection of the data did not show

any systematic difference between those two

item categories. This was also true for subject

2 (Table 2).

Data for subject 2 are reported in Tables

2 and 3. Table 2, like Table 1, reports mean

ratings and mean rating standard deviations

for subsets of the single syllables. Some of the

utterances show a tendency toward higher

ratings for the post-treatment observations.

Table 3 reports data for the syllable strings.

This information is presented to contrast rat-

ings for syllable strings with the ratings for

single syllables (Table 2). The initial ratings

of the syllable strings were comparable in

magnitude to post-treatment ratings of the

single syllables. The syllable string data thus

indicated that, for this subject, syllable strings

appeared to provide better approximation to

closure or closure itself than did isolated syl-

lables. The syllable string data also showed a

context effect in that ratings tended to be

higher for strings loaded with consonants than

for those that consisted primarily of vowels.

The lowest ratings were obtained for a string

that contained a nasal consonant.

The side-by-side television comparison of

pre- and post-treatment single syllables

showed greater closure approximation after

treatment. Each judge's assessment of each
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tape pair was analysed in terms of the per-

centage of post-treatment syllables that sur-

passed the corresponding pre-treatment syl-

lables in closure approximation. From 76 to

100 per cent (mean = 86%) of the compari-

sons showed smaller openings in the post-

treatment syllables. We interpret these data

to indicate that treatment did have an effect.

Discussion

Miyazaki, Matsuya, and Yamaoka (1975)

reported success in improvement of velopha-

ryngeal closure by persons who practiced clo-

sure as they observed it through a fiberoptic

nasopharyngoscope. However, their article

did not specify how practice was performed

or report measures reflecting improvement

made. Investigation ofbiofeedback in training

velopharyngeal closure is sufficiently promis-

ing to warrant further study, and various

instruments could be used in this research.

However, treatment should be carefully de-

scribed and its assessment quantified. At the

present time, a clinician cannot advise a pa-

tient that training similar to that used in the

study reported here is likely to resolve a velo-

pharyngeal closure problem. ___

In future research, we would attempt to

rank-order utterances including syllables,

blowing plus phonation, and syllable strings

TABLE 3. Mean velopharyngeal closure fifatings for subject 2 performing syllable strings.* Mean standard deviations

for the ratings are also reported. 

 

 

8/1 8/6 - 8/7 8/8

left right left right left right left right

_ XSD XSD XSD XSD XSD XSD XSD XSD

Consonant em- 3.8 3.8 4.5 3.6 - 3.3 3.4 4.1 4.0
phasis . 34 .28 A3 A5 .27 A9 .30 .05

Vowel emphasis - - 3.9 2.9 2.8 2.8 3.2 3.1
1 .31 .50 A2 A7 .27 35

Vowel emphasis -- - 4.1 3.2 3.2 2.9 3.5 3.1
2 .31 52 42 49 A4 - .31

Consonant- -- - 4.2 3.7 3.8 3.8 3.8 4.0
vowel .27 A5 .27 A5 A4 .10

Vowel!l-nasal -- - 3.0 2.3 2.7 2.4 2.7 3.0
consonant- A7 .67 .67 .68 - .50 2 47
vowel 
* The following syllable strings were studied: consonant emphasis /pap ap ap pap/, /pxp xp xp pxp/, /pAp

Ap Ap pAp/, /pap pa pa pap/, /pep px px pxp/, /pAp pA pA pAp/, /bab ab ab bab/, bab zb zb
/bAb Ab Ab bAb/, /bab ba ba bab/, /bxb bx bx baxb/, bAb bA bA bAb/, and /bap ap ap bap/; vowel
emphasis 1- /a a a ap/, /z x x »zp/, /A A A Ap/; vowel emphasis 2- /a ab a/, /z xp x/; consonant vowel-
/pa a pa/, /b x bx/, /pA A pA/; vowel-nasal consonant-vowel- /a ma a/. Only consonant emphasis strings
were recorded the first time strings were used; the /a ma a/ string was not used in training.
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in terms of the closure observed on each item.

Training would then start with items that

gave the best performance; and when speci-

fied criteria were achieved, training would be

switched to items lower on the continuum.

Rate used to produce syllable strings could .

be varied. Also, the subject would be in-

structed to produce the maximum closure

possible throughout a syllable including the

vowel portion. We would add use of a bilabial

fricative to the contexts employed with the

endoscope. That would afford the subject

some experience in the production of high

pressure continuants.

If a subject improved performance during

an item with visual feedback, he would be

asked to maintain that performance during

trials where less direct forms of feedback were

employed. These would include muscle sense,

air pressure-flow recordings, and information

from the instructor. Muscle sense is used here

as knowledge of muscle activity. This knowl-

edge is less precise than kinesthesis or position

sense. It would appear to be an error to ask

a subject to attend to visual and muscle cues

simultaneously in that Klein and Posner

(1974) have demonstrated by means of track-

ing studies that "kinesthetic cues seem to be

ignored when visual cues are present." They

concluded that vision dominates kinesthesis

at least when attention is involved.
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