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Introduction

Many attempts have been made to assess the relationship between

severity of nasal voice quality (nasality) and certain structural measures

(1, 2, 3, 6, 7, 8, 9, 10, 16, 21). The results of these studies are to some

extent conflicting. For example, the range of reported correlations between

velopharyngeal opening and severity of nasal voice quality is 0.00 to .94

(2, 8, 6, 8, 9, 16, 21). A possible source of variation, recognized by at least

one experimenter (7), is the use of different vocal productions in assessing

these relationships. These vocal productions have been either repeated

productions of the same speech tasks (7) or different types of speech

tasks, viz., nasality evaluated on a connected speech task and the struc-

tural measures obtained on isolated vowels (16). The present investigation

was designed to evaluate the structural correlates of nasality for two groups

of nasal speakers on the same vocal production.

Procedures

The subjects were 20 speakers selected to represent two clinical diag-

noses: 10 nasal speakers without cleft palate (Group I), and 10 nasal

speakers with repaired cleft palate (Group II). Each subject was judged

to have clinically significant nasality during the reading of a connected

speech passage. Nasal speakers with cleft palates having obturators or

pharyngeal flaps were not chosen for this study. All subjects were young

adults with normal hearing; that is, no loss greater than 30 dB for the

better ear at 500, 1000, and 2000 Hz (ISO, 1964).

The speech sample consisted of the production of 5 vowels, /1/, /g/,/a/ ,

/a/, and /u/ in 3 speech tasks: a) isolated vowels, b) isolated consonant-

vowel-consonant (CVC) syllables in a voiceless bilabial plosive environ-

ment, specifically, /pip/,/p sp/,/pa/,/pap/, and /pup/, and c) the same

CVC syllables produced in a 47-syllable connected speech passage. Each

subject performed the experimental tasks in the following order: con-

nected speech sample, isolated CVC syllables, and isolated vowels. The
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inflectional patterns of the subjects were monitored by two trained judges

and each subject was asked to repeat any production which markedly

varied in inflectional pattern from his other productions.

The basic cinefluorographic equipment used in this experiment has been

described previously by Moll (17) and is described in more detail else-

where (4). The subjects were seated in a dental chair and the head was

held in a relatively fixed position by a head positioner consisting of a

forehead bumper and ear rods. Cinefluorographic films at 24 frames per

second and hi-fidelity tape recordings at 15 inches per second were ob-

tained simultaneously during the production of the speech tasks. The

subjects in this experiment were also used in another research project

which included radiographic exposure. The mean exposure time for each

subject for the combined projects was 2.64 minutes, which resulted in an

approximate mean radiation dosage of 1.10 Roentgens. This dosage is well

below the maximum for safety recommended by the International Com-

mittee on Radiological Protection (12).

The techniques for cinefluorographic film analysis used in this study

have been described in detail by Moll (17). The cinefluorographic films

associated with the production of each vowel sound in all three speech

conditions were identified by inspection of the films. The frame (or

frames) in which the tongue was in its most stable position for that vowel

was traced. No more than two frames for each vowel were selected for the

analysis, and each frame was projected to life size for tracing by the use

of a Kodak Analyst (Weinberg-Watson Modification) 16 mm movie

projector which allows a frame-by-frame analysis.

Figure 1 shows the four measurements used for structural analysis.

1. Velar Constriction, (VC), that is, the shortest distance between the

velum and the posterior pharyngeal wall;

2. Pharyngeal Constriction (PC), that is, the shortest distance between

the most posterior portion of the tongue and the posterior pharyngeal

wall below the most inferior surface of the velum and above the

vallecula;

3. Oral Constriction, (OC), that is, the shortest distance between the

most superior portion of the tongue and the most inferior surface of

the hard and soft palate; and

4. Incisor Opening, (I0), that is, the shortest distance between the

upper and lower central incisors.

All measurements were made to the nearest .25 mm with a Paragon 1472P

ruler.

Severity of nasality was evaluated from the hi-fidelity tape recordings.

The basic equipment and techniques of the nasality analysis have been

described in detail by Carney and Sherman (5). A seven-point equal-ap-

pearing-intervals scale was used with one representing least severe nasal-

ity and seven respresenting most severe nasality. The CVC syllables in

the connected speech sample were spliced out of the speech sample. A tape
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FIGURE 1. Sample tracing of a cinefluorographic film showing four measures.
Each measure was made for the minimal distance.

containing the isolated vowels, the isolated CVC syllables, and the CVC

syllables removed from the connected speech passage was prepared and

median scale values of severity of nasality were obtained from 65 listen-

ers.

Results

Since the results of the nasality analysis will be reported in detail

elsewhere (5), they will not be discussed here. In general, however, they

are consistent with the results of previous studies (15, 20, 22); nasal

speakers with cleft palate are more nasal, on the average, on high vowels

than on low vowels while nasal speakers without cleft palate are more

nasal on low vowels than on high vowels. Also, the relationship between

severity of nasality in isolated vowels and severity of nasality in con-

nected speech is low.

Strveruram MrasurEs. For the structural analysis, reliability was

evaluated from repeated tracings of 50 randomly selected frames and the

standard error of measurement was computed for each of the four meas-

urements. The standarderrors of measurement are .63 mm, 1.28 mm, 1.07
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mm, and .95 mm for the measurement of velar constriction, pharyngeal

constriction, oral constriction, and incisor opening, respectively. In the

computation of the reliability index for the measurement of velar con-

striction, subjects with no velopharyngeal opening on both tracings were

excluded and the estimate of reliability for velar constriction was com-

puted for 32 cinefluorographic frames.

For the measurement of velar constriction, the 300 obtained measure-

ments ranged from 0 to 5.50 mm. The distribution of the velar constriction

measurements for the three speech tasks combined and for each group of

nasal speakers is presented in Figure 2. Note that in 76 (51%) of 150
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groups of nasal speakers for isolated vowels and CVC syllables combined.
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possible speech samples, nasal speakers without cleft palate had no velo-

pharyngeal opening; that is, they achieved velopharyngeal closure. In

addition, nasal speakers with cleft palate demonstrated velopharyngeal

closure on the cinefluorographic films on 30 (20%) of the 150 speech

samples. As a result, neither a parametric nor nonparametric statistical

analysis of the velar constriction data appears to be feasible because of

the large number of zero values.

There is considerable individual variation in the extent of velar con-

striction and the number of velopharyngeal openings during the 15 speak-

ing conditions (five vowels and three tasks) for all subjects of both

groups. The individual nasal speakers without cleft palate, in general, had

wider ranges of velopharyngeal openings than did the individual nasal

speakers with cleft palate. The range of velar constriction measurements

and the number of velopharyngeal openings are listed in Table 1. Subject

4 has the greatest range of velopharyngeal openings (5.50 mm) and velo-

pharyngeal opening was observed on only 3 of the 15 speaking conditions.

Observations of velopharyngeal opening were made on all 15 speaking

TABLE 1. Range of measurements of velar constriction and number of velopharyn-

geal openings for each subject for 15 speaking conditions.

 

  
 

 

Range of Measure- Number of
mentsof Velar Velopharyageal

subject Constriction (in mm) Openings

1 0.00 -= 3.00 5
2 0.00 - 3.75 12
3 0.00 -= 4.00 7
n 0.00 -= 5.50 3

5 0.00 - 2.75 y

6 0.00 - 4.75 13
7 0.00 - 4.50 9

8 0.00 - 4.75 1}

o 0.00 - 2.75 5
10 0.00 - 3.00 2

11 0.00 - 3.25 10
12 0.00 - 4.50 13
13 0.00 - 3.50 13
14 1.00 - 2.75 15
15 0.00 - 4.50 13
16 0.00 - 3.50 12
17 0.00 - 3.00 10
18 0.00 - 4.00 12
19 0.00 - 4.00 13
20 0.00 - 3.00 9

 

* #1 through #10 are nasal speakers without cleft palate and #11
through #20 are nasal speakers with cleft palate.
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conditions for Subject 14 and his range of velopharyngeal opening, 1.75

mm, was the smallest. Similar examples of individual variation for both

groups of nasal speakers are obvious from an analysis of Table 1.

In analyzing the structural data, differences between the two groups of

nasal speakers were not evaluated because subjects in the two groups were

not matched for variables relating to physical size, nor were they matched

for age and sex. Inferences based upon the structural differences between

the two groups thus would not be warranted.

For the measures of pharyngeal constriction, oral constriction, and inci-

sor opening, the trends from one vowel to another over the three speech

tasks are identical for both groups of nasal speakers. This is illustrated in

Figure 3 for the measurement of oral constriction and similar results were

also found for the measurements of pharyngeal constriction and incisor

opening (4). Statistical analysis of the data revealed predictable differ-

ences among the vowels in the three structural measures. That is, the

configuration of the vocal tract for the production of the vowels is consist-

ent and predictable for both groups of nasal speakers. For example, oral

constriction is smaller for the high vowels than for the low vowels in the

three speech tasks (Figure 3).

Rerationsmr BrEtwrErEn SEyERrITy or NAsALITY AND THE STRUCTURAL

MrasurEmEnNTs. When the experiment was designed, the assumption was

made that the subjects would demonstrate velopharyngeal openings on the

majority of the 15 speaking conditions (three tasks and five vowels), and

that parametric statistical procedures could be used to analyze possible dif-

ferences between the two groups of nasal speakers in the trends of the

strength of the relationship between the measurement of velar constriction

and the severity of nasality for each of the 15 speaking conditions. Since

the velar constriction data (Figure 2) do not support this assumption,

parametric statistical procedures are not appropriate. Nonparametric sta-
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tistical procedures were not appropriate either for the reason that the

measures include a high proportion of tied values including zeros for the

corresponding sets of velar constriction data for which statistical tests are

desired. Individual subject variation in both groups of nasal speakers in

the magnitude of velopharyngeal opening during each of the 15 speaking

conditions makes impossible any meaningful evaluation of the relation-

ship between magnitude of velar constriction and nasality. Illustrations of

these variations are presented in Figures 4 and 5. Severity of nasality and

velar constriction are shown for each of the 15 speaking conditions for two

nasal speakers without cleft palate (Figure 4) and for two nasal speakers

with cleft palate (Figure 5) who have velopharyngeal openings on 13 of

the 15 speaking conditions. The lack of apparent trends in magnitude of

velopharyngeal openings is obvious from an examination of the graphs.

The magnitude of velopharyngeal openings appears not to vary as a

function of the vowel nor of the speech task; but, in general, it appears to

vary for any one of the 15 conditions for a given subject in either of the

two groups of nasal speakers.

Since an analysis of the relationship between the magnitude of velo-

pharyngeal opening and the degree of nasality is not possible, an evalua-

tion was made of the relationship between frequency of occurrence of

velopharyngeal openings and severity of nasality for each vowel, data

combined for the three speech tasks (Figure 6). Nasal speakers without

cleft palate demonstrate a consistent trend over vowels in the number of

velopharyngeal openings and in mean severity of nasality while nasal

speakers with cleft palate do not show the same consistency.

For the purpose of evaluating differences among the Pearson rs estimat-

ing the relationship of severity of nasality in vowels and severity of

nasality in CVC syllables to measures of pharyngeal constriction, a crite-

rion measure was computed for each subject for each isolated vowel, for

each isolated CVC syllable, and for each CVC syllable in a connected

speech sample, by the following formula:

xy

0xOy
Criterion Measure =  

where x = the deviation from the mean of the median scale values of

nasality for a particular speech condition; y = the deviation from the

mean of the measurement of pharyngeal constriction for the same speech

condition. The mean of these criterion measures for any one condition,

such as one isolated vowel, is a Pearson r (19).

An analysis of the relationship between pharyngeal constriction and

severity of nasality for both groups of nasal speakers for each of the 15

speech conditions is presented in Figure 7. There are some similarities in

the trends of the two groups over the 15 conditions, but there are also

marked reversals. Therefore, statistical tests of the differences between

groups and the differences among conditions are not justified.
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An identical criterion measure was used to evaluate the relationship be-

tween severity of nasality on each of the 15 speaking conditions and each

of the structural measures of oral constriction and incisor opening. Statis-

tical analysis of the data revealed no differences between the two groups

of nasal speakers. Results for these two analyses (oral constriction and
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FIGURE 4. Velar constriction (VC) and severity of nasality measures for each

of two nasal speakers without cleft palate for each of five vowels for each of three

speech tasks: Task 1, isolated vowels; Task 2, isolated CVC syllables; and Task 8,

CVC syllables in a connected speech sample.
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incisor opening) are similar to the results of the analysis of the relation-

ship between severity of nasality and measures of pharyngeal constriction.

That is, there are no consistencies in the trends of the two groups over the

15 speaking conditions.
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FIGURE 5. Velar constriction (VC) and severity of nasality measures for each

of two nasal speakers with cleft palate for each of five vowels for each of three. speech

tasks: Task 1, isolated vowels; Task 2, isolated CVC syllables; Task 83, CVC syllables

in a connected speech sample.
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each of two groups of nasal speakers for each vowel, data combined for three speech

tasks.

Discussion

The frequency of occurrence of velopharyngeal closure during the vocal

productions required in this study is high for both groups of nasal speakers.

Thus any attempt to describe either group of nasal speakers with refer-

ence to average velopharyngeal opening during a speaking condition seems

of questionable value. The mean magnitude of velopharyngeal opening 1s,
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CVC syllables; and Task 3, CVC syllables in a connected speech sample.

of course, dependent upon whether all observations are included or only
those upon which velopharyngeal opening was observed. Previous reports
of the magnitude of velopharyngeal opening have not always included
specific information needed for appropriate interpretation. It would ap-
pear that a precise and useful report on the magnitude of velopharyngeal
opening of nasal speakers should include this information.

It is somewhat difficult to account for the relatively high frequency of
velopharyngeal closure observed in this study, although several possible
explanations may be considered. The first is a possible difference between
subjects in this study and those in other studies. As far as can be deter-
mined, the nasal speakers without cleft palate are reasonably comparable
to those used by Dickson (8). Relative severity of degree of nasality of
the two groups cannot be compared, of course, but there is no apparent
indication that the two samples were not drawn from the same general
population.
A second possible explanation has to do with procedures. Dickson (8)

apparently took still x-ray films of some central portion of the vowel in a
CVC syllable. The assumption, then, is that the vowel was prolonged
somewhat in order to insure that the phenomenon under observation was
stable. In the present study, cinefluorographic observations were made of
isolated vowels and of two kinds of CVC syllables. It seems unlikely that
the frequency of velopharyngeal closure on vowels would differ when
determined either by the use of still x-ray fims or by the use of cinefluoro-
graphic films, since both types of observations were made during the
midportion or the steady state of the vowel under study.
Another obvious procedural limitation has to do with the limitation of
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lateral x-rays; that is, the view seen on the film is in the midsagittal plane

only. When velopharyngeal closure is observed on an x-ray film, it is

possible that there is an opening which is lateral to the midsagittal plane

on either side. It is possible also that there was a velopharyngeal opening,

.5 mm or less, which was too small to be observed in the cinefluorographic

films and consequently was recorded as a velopharyngeal closure. If either

of these was the case, the frequency of velopharyngeal closure would be

lower than that indicated by these results.

A third possible explanation may be the influence of the consonantal

environment on the vowels. Perhaps the consonantal environment used by

Dickson (8) is more likely to be accompanied by velopharyngeal opening

on the vowel than is the consonantal environment of the present study. It

seems possible also that differences in the frequency of occurrence of

velopharyngeal closures might be the result of coarticulation influences.

A fourth explanation has to do with the possibility that hypernasality

can occur in the presence of velopharyngeal competence. The data in this

study appear to support this hypothesis. It may be that hypernasality is a

far more complex phenomenon than has previously been considered, and

that, indeed, in some instances listeners perceive hypernasality for a

speech sample even when there is no velopharyngeal opening associated

with it. The data reported here appear to support such a possibility for

human speakers. House and Stevens (11) in an electrical analog study

reported "that the standard noncoupled /s/ sounded nasal". Before the

findings reported in this study can be viewed as conclusive, additional data

will be needed about the possibility of hypernasal speech in the presence

of velopharyngeal closure.

The results of this study permit the assumption that the trends from

one vowel to another are the same for the two groups of nasal speakers for

each of the three structural measures: pharyngeal constriction, oral con-

striction, and incisor opening.

A direct evaluation of the possible differences between the two groups of

nasal speakers in the strength of the relationship between velar constric-

tion and the severity of nasality is not possible because of the large

number of velopharyngeal closures for both groups of nasal speakers. A

direct comparison of the results of those of previous research is, for the

most part, not feasible since many investigators (9, 14, 20) have not

reported data regarding the distribution of measurements of velopharyn-

geal openings nor have they reported the frequency of velopharyngeal

closures observed. Other investigators (2, 3, 14) have selected subjects on

the basis of observed velopharyngeal openings and some investigators

(18) have defined measures of velopharyngeal openings so that greater-

than-zero values must occur for each subject. The frequency of velo-

pharyngeal closures, as observed in this study during the production of

nasal voice quality, indicates that selection of subjects by the criterion of

velopharyngeal opening during vowel production rather than by the
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criterion of nasal voice quality is probably inappropriate for the study of

nasality. As previously indicated for some studies of nasality, subjects

have been selected by the first-mentioned criterion. Generalizations under

this cireumstance, if appropriate, must be limited to the population of

nasal speakers with velopharyngeal opening for the conditions under study

and obviously may be subject to the misinterpretation of being applicable

to nasal speakers in general.

Previous investigators have attempted to determine a critical size of

velopharyngeal opening for nasal speech. The reported critical sizes of

velopharyngeal openings in the antero-posterior dimension are 83.5 to 7 mm

(21), 4 mm (1), 5 mm (13), and approximately 20 mm? area (1, 23). The

mean velopharyngeal openings for each of the two groups of nasal speak-

ers in this study are, in general, lower than the critical sizes reported

above. An examination of the data indicates that speakers are often

judged to be nasal even when there is no velopharyngeal opening as

determined by cinefluorographic procedures. Also, some speakers with rel-

atively large velopharyngeal openings are judged to be less nasal than are

others even with relatively smaller velopharyngeal openings. While the

critical size concept may be useful for describing the relationship between

velopharyngeal opening and articulation proficiency or for developing

models to describe or explain aerodynamic relationships, the results of this

study indicate that the critical size of velopharyngeal opening may vary

from one individual to another and that the concept of critical size may

not be useful in describing the relationship between severity of nasality

and velopharyngeal opening as observed in lateral X rays for a group of

nasal speakers similar to those used in the present study.

Another factor which must be considered in describing the relationship

between velar constriction and severity of nasality is the variation of

severity of nasality from one vowel to another and differences in severity

of nasality from one task to another for any one vowel. Many investiga-

tors (5, 20, 22) have reported a low relationship between severity of

nasality on vowels produced in isolation and severity of nasality in a

connected speech sample for nasal speakers with cleft palate. It would

appear then that the practice of correlating velar constriction measures on

vowels produced in isolation with severity of nasality on connected speech

is of questionable value.

The vowel /a/ has been used for evaluating the relationship between

velar constriction and severity of nasality for nasal speakers with cleft

palate. Because of the fact that /a/ is judged, on the average, less nasal

than other vowels, and because of the fact that the measurement of

velopharyngeal opening usually is greater for /a/ than for any other

vowel, this procedure appears to be questionable.

The results of this study support a hypothesis that severity of nasality

is not related to any one of the four structural measures taken separately.

The statistical analyses of these relationships cannot be interpreted as
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indicating any lawful or consistent differences between the two groups

with reference to the relationship between severity of nasality and the

structural measures of pharyngeal constriction, oral constriction, or inci-

sor opening. Further investigations may reveal a manner of combining

meaningfully several structural measures into one measure which would

be related to severity of nasality.

Summary

The purpose of this study was to evaluate the structural correlates of

nasality for two groups of speakers, 10 nasal speakers without cleft plate,

and 10 nasal speakers with cleft palate. Differences among five vowels and

among three speech tasks were studied. The vowels were /1/, /g/,/a/,/a/ ,

and /u/; and the speech tasks were isolated vowels, isolated CVC sylla-

bles with the same vowels in a voiceless bilabial environment specifically

/p-p/, and the same CVC syllables removed from a 47-syllable continuous

speech passage. The psychological sealing procedure of equal-appearing

intervals was used to assess severity of nasality. Cinefluorographic films

were used for four structural measures: velar constriction, pharyngeal

constriction, oral constriction, and incisor opening. In accordance with the

obtained results the following statements appear to be true.

1. For both groups of nasal speakers, velopharyngeal closures as observed

by a lateral x-ray technique for the experimental vocalizations studied

occur fairly frequently with considerable individual variation among the
subjects in both groups in the magnitude and frequency of occurrence of

velopharyngeal closure.

2. The two groups of nasal speakers were alike in the trends over the 15

speaking conditions of five isolated vowels, five isolated CVC syllables, and

five CVC syllables in a connected speech passage on the structural meas-

ures of pharyngeal constriction, oral constriction, and incisor opening.

3. Severity of nasality is not systematically related to any one of the four

structural measures: velar constriction, pharyngeal constriction, oral con-

striction, and incisor opening.
4. The critical size of velopharyngeal opening may vary from one individual

to another and does not appear to be useful in describing the relationship

between severity of nasality and velopharyngeal opening as observed in

lateral X rays for a group of nasal speakers;
5. Structural correlates of nasality described in this study cannot at this

time be specifically defined.

reprints: Dr. Patrick J. Carney

Department of Otolaryngology

The University of Iowa

Towa City, Iowa 52240
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