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The effect of increased speaking rate on the perception of

disordered speech in children with cleft palate was studied. Six children

with cleft palate (ages 7 years to 10 years of age) produced three dif-

ferent sentences over a continuum of speaking rates. Fifteen judges
rated each sentence according to the severity of disordered speech
perceived, including nasality, nasal distortions, nasal emission, glot-
tal stops, and pharyngeal fricatives. Mean ratings for the 15 judges were
determined for each sentence. The results indicated that the percep-
tion of disordered speech did not increase as a function of increased
speaking rate. Possible explanations for the results include: (1) The
speakers with cleft palate made adjustments in movement strategy
to accommodate the reduced time in a manner similar to speakers
without a cleft. (2) The speakers with cleft palate used movement

strategies which, although unlike those used by speakers without a
cleft, allowed them to avoid speech deterioration. (3) Increasing speak-
ing rate did not reduce the time available to an extent that it was

necessary to change movement strategy.

During certain speech tasks, such as the pro-

duction of a single word, the structure of the cleft

palate mechanism and the child's motor abilities

may be adequate to avoid the perception of ab-

normal speech. The same cleft palate speaker,

however, may produce connected speech that is

perceived to be abnormal (Van Demark, 1970).

The perceived errors in the connected speech of

some speakers with cleft palate may be related

to either structural or motoric inabilities. The

temporal requirements of connected speech may

tax the speech production systems of certain

speakers with cleft palate more than isolated

words tax them.

Manipulation of speech rate is a plausible

way to study articulatory abilities in cleft palate

subjects. Rate studies of normal speakers have

David Jones is a doctoral student in the Department of
Speech Pathology and Audiology, University of Iowa. John
Folkins is an Associate Professor in the Department of Speech
Pathology and Audiology, University of Iowa. This paper
is based on data from an M.A. thesis conducted by the first
author. The research was supported by PHS Grants NS-07555
from the National Institute of Neurological and Com-
municative Disorders and Stroke and DE-05837 from the Na-
tional Institute of Dental Research.

246

shown that, as rate is increased, the duration of

the articulatory movements decreases (Kent et

al, 1974); however, the durations of some move-

ment components change more than others. For

example, the duration of stop closures is reduc-

ed more than the duration of the positions

associated with vowel production (Linville,

1982).

In some speakers with cleft palate, a

decrease in the duration of movements may make

it more difficult (for either structural or

neuromotor reasons) to produce coordinated

movements that lead to perceptually good speech.

For example, speakers who have difficulty con-

trolling movement may have control problems

exacerbated whenthe overall time is reduced or

when movements occur closer together in time.

Another example involves structural limitations.

Speakers with cleft palate may have significant

weakness in the muscle systems that contribute

to velar closure and an increase in the effective

mass of the velum owing to scar tissue. Such

structural factors would limit the velocity and ac-

celeration of velar movements. However,

although they might use unusual movements,

these speakers might produce good speech in cir-

cumstances that invclve normal speech rates. If
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an increase in speaking rate involves an increase

in movement velocity (as advocated by Abbs,

1973; and Hughes and Abbs, 1976), then

speakers with structural limitations might be ex-

pected to produce perceptually disordered speech

at fast speaking rates. A complicating factor is

that it is possible to produce shorter movements

at fast speaking rates by decreasing movement

displacement rather than increasing movement

velocity (Kuehn and Moll, 1976; Ostry et al,

1983). Speakers with structural limitations

might, or might not, develop movement

strategies that would produce fast speaking rates

with low velocity movements.

There have been only a few studies that in-

vestigated speaking rate in the cleft palate popula-

tion. Lass and Noll (1970) found that for oral

reading and impromptu speaking, adult speakers

with cleft palate used slower rates than those

without a cleft. Possibly, speakers with cleft

palate manipulate speaking rate to allow

themselves more time to produce coordinated ar-

ticulatory movements. D'Antonio (1982) in-

vestigated the perception of nasality as a func-

tion of two speaking rates in adult subjects with

cleft palate. She did not find that the perception

of nasality was influenced by increased speak-

ing rate. Several possible explanations may ac-

count for the discrepancy between the observa-

tions reported above and the research findings

of D'Antonio (1982). For instance, the subjects

may not have been taxed by the rates used in the

D'Antonio experiment to the extent that would

lead to disordered speech. Further, it is possi-

ble that adult speakers (as used in previous ex-

periments) respond differently to rate tasks than

do children. Finally, D'Antonio studied the

perception of nasality, whereas the rate effect that

has been observed also applies to nasal emission

and nasal distortion. It might be useful, therefore,

to study the effects of a wide range of speaking

rates on nasality, nasal emission, and nasal

distortion in an experiment using children as

subjects.

The purpose of this investigation was to

study the effect of speaking rate on mean ratings

of disordered speech in cleft palate speech. As

speech rate increases, speakers have less time to

produce the articulatory movements. This may

tax the structural limitations and motor control

capabilities of the articulatory system, and it may

increase the perception of disordered speech in

some speakers. '

METHODS

Subjects

The subjects were six children (three male,
three female) with repaired cleft palates. The
subjects were between 7 and 10 years old. Two
subjects had unilateral clefts of both the lip and
palate (Subject 1 and Subject 5), two had clefts
of the hard and soft palate only (Subject 2 and
Subject 3), and two had a cleft of the soft palate
only (Subject 4 and Subject 6). Two additional
subjects who were 7 and 8 years old and had nor-
mal speech structures were studied as well.

The subjects with cleft palate underwent
primary palatoplasty between the ages of 14
months and 25 months. The only subject to have
secondary surgery was Subject 5 who received
a nasopharyngeal teflon injection at the age of
8 years, 9 months. However, at the time of the
experiment, lateral still radiographs showed no
teflon bulge on the posterior pharyngeal wall.
Lateral still radiographs indicated that Subject
1 and Subject 6 exhibited contact between the
velum and posterior pharyngeal wall during sus-
tained [s]. Subjects 2, 3, and 4 achieved a small
line of contact between the velum and adenoidal
pad during sustained [s]. A small velopharyngeal
gap was observed in Subject 5 during sustained
[s].

The speech of all 6 experimental subjects
was analyzed with clinical judgments of conver-
sational speech and the Iowa Pressure Articula-
tion Test (Morris et al, 1961). Subject 1 was
judged to exhibit normal speech. Subject 2 was
judged to be within normal limits on the Iowa
Pressure Articulation Test (several mildly
distorted sibilants were identified); however,
nasality, nasal emission, and glottal stop substitu-
tions were observed during conversation. Sub-
ject 3 exhibited nasality, nasal emission, and
nasal distortion inconsistently on the Iowa
Pressure Articulation Test, and consistently in
conversational speech. Subject 4 produced oral
distortions of sibilants (possibly because of poor
dentition) and w/r and w/l substitutions on the
Iowa Pressure Articulation Test. Subject 4 also
was judged to produce nasal emission in conver-
sational speech. Subject 5 was judged to have
mild hypernasality with nasal emission on most
pressure consonants, as well as an oral distor-
tion of [s] (possibly because of poor dentition).
Subject 6 was judged to produce a lateralized [s]
and a w/ x substitution. Subject 6 was judged
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to produce perceptually normal nasalization.

With the exception of Subject 1, all subjects were

receiving speech therapy at the time of the study.

Both subjects without cleft palate produced

perceptually normal speech.

Speech Sample

The speech sample consisted of three

sentences: ©

''We were away'" [wi wa a well

''We were winks away'" [wi wz winks a well

''We were wonks away'" [wi wa way ks a well

The carrier sentence ''we were away'' was con-

structed without pressure consonants to make it

relatively easy for most speakers with cleft palate

to produce. The target word '""wonks'' was

designed to produce a large velopharyngeal clos-

ing movement between the nasal and the stop.

The word '""winks'' would be expected to involve

articulatory movements similar to those for

''wonks,"'' except that the high vowel might in-

volve less tongue and jaw (and perhaps

velopharyngeal) movement. It was assumed that

the articulatory movements related to the

CVCCC sequence in the target words would

become increasingly difficult to produce as

speaking rate increased. The sentence without a

target word was used to determine whether a less

demanding phonetic sequence would lead to the

perception of more adequate speech.

Procedure

A microphone was placed approximately 15

cm from the subject's lips. The subjects were re-

quired to produce one of the sentences at a con-

versational rate. They were given the instruction:

'*Talk as if you were just talking to somebody."

The subjects were then instructed to repeat the

sentence, and to say it ''a little faster."" Each time

the subject produced the sentence, he or she was

asked to produce the sentence again at a faster

rate. Each subject produced the sentence approx-

imately four times after the normal rate produc-

tion. The sentence was produced at a normal rate

again, then four additional times, each at an in-

creased rate. The task was then repeated once

more. This procedure provided at least thirteen

samples for each sentence for each subject.

The experimental task was designed to col-

lect a range of rates between normal and max-

imum speaking rate for each subject. No exter-

nal device such as a metronome or timer, was

used to control rate. No instructions were given

regarding pitch and loudness. This procedure

minimized the possibility that a practice effect

occurred because the normal rate samples were

interspersed among the faster samples.

Instrumentation

The speech samples of each subject were

recorded using a TEAC reel-to-reel tape

recorder. The duration of each sample utterance

was determined using the digital oscilloscope

capabilities of a Bruel and Kjaer 2033 High

Resolution Signal Analyzer. Utterance duration

was definedas the time between the onset of

voicing at the beginning of the sample to the ter-

mination of voicing at the end of the sample. For

the purpose of this investigation, we defined

''speaking rate'" as the inverse of the measured

utterance duration.

Listening Task

The recorded samples were transferred to

a second tape in randomized order. Twenty

samples from the randomized set were included
twice to test intrajudge reliability. The test for

intrajudge reliability yielded a correlation coef-

ficient of 0.8. The experimental tape contained

a total of 380 sample sentences to be listened to

by the judges.

The judges were 15 University of Iowa

graduate students in speech pathology who had

clinical experience in speech disorders related to

cleft palate. The scaling method of equal-

appearing intervals was used for rating the

severity of disordered speech in the speech

samples (Sherman and Goodwin, 1954). All

tapes were played forward. Listeners were in-

structed that a rating of one was to represent the

least disordered speech; that is, speech that could

be considered as normal. A rating of seven was

to represent the greatest degree of disordered

speech.

To establish the severity range of disordered

speech for the listeners, samples were played

which, in the judgment of the investigators, were

representative of the two extremes. Samples of

the most severely disordered speech included

nasal distortions, abnormal nasality, glottal stops,

and nasal emission, while the least severe
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samples included perceptually normal utterances.

The listeners rated 10 samples prior to the ex-

perimental task to familiarize them with the

severity range of disordered speech. The listeners

were not given an indication of their performance

on the practice ratings, nor were the ratings

scored by the investigator. The 10 practice

samples were also included within the listening

task. '

RESULTS

The data consisted of disordered speech

judgments of sentences produced at various

speaking rates. Means were obtained from the

speech ratings across the 15 judges for each sam-

ple of each sentence.

Scatterplots for each experimental subject of

the mean ratings for the sentence ''We were

winks away'' are shown in Figure 1. It appeared

from visual inspection of each of the scatterplots

that there was not a systematic change in the

mean speech ratings as speaking rate was in-

creased. Regression analyses were performed for

the dependent variable as a function of speaking

rate. For each subject the rate continuum (from

normal rate to maximum rate) for each sentence
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was analyzed with both linear and quadratic

equations using the least squares approach. The

linear analyses gave r values of 0.12, 0.02,

0.04, 0.00, 0.06, and 0.59, for Subjects 1

through 6, respectively. Quadratic analyses were

included to test the possibility that the fastest

speaking rates taxed the speakers and resulted

in high ratings, but the intermediate rates did not

have an effect. However, the quadratic analyses

generated only slightly better r values (0.22,

0.14, 0.33, 0.06, 0.47, and 0.70 for Subjects 1

through 6, respectively). Only the r2 values for

Subject 6 were significant at p < 0.004. This

significance level was determined by dividing

0.05 by the number of tests, which was twelve.

The regression analyses for the experimental

sentence "'We were winks away'" show that we

did not find increased rate to have a significant

effect on the percept of disordered speech.

Scatterplots for each subject of the mean

ratings for the sentence ''We were wonks away''

are shown in Figure 2. As in the first sentence,

there did not appear to be an increase in the mean

speech ratings as a function of increased speak-

ing rate. Once again, the mean ratings of

disordered speech were similar across rates.

Regression analyses were performed for the
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FIGURE 2. Scatterplots for each subject with cleft palate of the mean ratings for '"We were wonks away'".

dependent variable as a function of speaking rate.

As in the first sentence, each sentence was

analyzed with both linear and quadratic equations

using the least squares approach. Linear r? values

of 0.03, 0.28, 0.01, 0.01, 0.20, and 0.19 were

obtained for Subjects 1 through 6, respectively.

Quadratic analyses generated similar r values

(the r? values for the six subjects were 0.03,

0.53, 0.02, 0.26, 0.21, and 0.19). None of the

correlations were significant at p < 0.004. The

values obtained from the regression analyses for

the sentence ''We were wonks away'' again fail-

ed to indicate a significant effect of speaking rate

on the perception of disordered speech.

Table 1 shows the disordered speech ratings

of the subjects with all rates combined. A single

_- factor analysis of variance was used to compare

the mean speech ratings (collapsed across the

three sentences) between subjects with cleft

palate and subjects without cleft palate. This test

(F = 535; df = 1,346; p < 0.05) indicated that

there is a significant difference between the mean

ratings of the groups with and without cleft.

Thus, it appears that the two normal subjects con-

sistently obtained mean ratings that were better

than the ratings for the subjects with cleft palate.

In addition to the preceding analysis, an

analysis of variance was performed for each sub-

ject to compare the mean ratings obtained for the

two sentences with target words and those

obtained for the sentence without a target

word. F values were 7.92 (Subject 1), 97.20

(Subject 2), 2.36 (Subject 3), 163.35 (Subject 5),

49.11 (Subject 6), 2.26 (Subject 7), all with df

= 2, 42; and 35.29 (Subject 4), and 11.55 (Sub-

ject 8), both with df = 2, 41. With the excep-

tion of Subject 3 and Subject 7, all comparisons

were significant (p < 0.05). Pairwise com-

parisons between sentences were made with

Tukey's studentized range test and are shown in

Table 1. For each subject, mean ratings which

are underlined are not significantly different from

other underlined ratings in the same row. For

five of the six subjects with cleft palate, the mean

ratings obtained for the two sentences with target

words are poorer than those obtained for the

sentence without a target word. For one of the

two normal subjects, the mean rating for one

sentence with a target word was poorer than the

mean ratings obtained for the other two

sentences.

The concern arose that several judges may

have perceived a rate effect, but that their

judgments were obscured by averaging ratings

across judges. To check this, judgments made

by each judge for one sentence (''We were winks
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TABLE 1. Ratings of Disordered Speech by Subject With All Rates Combined
 

 

 

 

  

 

 

  
  

  

  

 

Sentence

We were We were We were
Subject away. winks away. wonks away.

With Cleft Palate

1 2.2 (1.3) 2.6 (1.4) 2.8 (1.4)
2 2.3 (1.4) 4.8 (1.6) 5.4 (1.5)

3 3.8 (1.6) 4.3 (1.6) 4.1 (1.5)

4 3.1 (1.7) 4.7 (1.5) 4.3 (1.6)

5 3.4 (1.8) 6.1 (0.9) 6.2 (1.0)
6 2.5 (1.4) 4.0 (1.7) 4.1 (1.6)

Without Cleft Palate

7 2.0 (1.3) 2.2 (1.4) 2.4 (1.3)
8 1.7 (1.1) 2.0 (1.1) 2.4 (1.3)

 

Judgments were made on a scale in which 1 represents the most normal speech and 7 represents the
most disordered speech. Judgments from 15 listeners were averaged for each sample. Values show the
mean of 14 to 15 samples with one standard deviation in parentheses.

In each row, means are underlined that are not significantly different, from other underlined ratings
in the same row, as determined by Tukey's studentized range test (p <0.05).

away'') produced by one subject (Subject 2) were

obtained and plotted as a function of rate. This

particular sentence was chosen because, in the

judgment of one of the investigators, the rate ef-

fect was evident in this series of samples. Ex-

amination of the 15 plots showed that, as in the

plots for the mean ratings, the ratings of each

judge did not change. Therefore, it does not ap-

pear that the rate effect was masked by averag-

ing the ratings from different judges.

DISCUSSION

Increasing the rate of speech should decrease

the time available to produce articulatory

movements. We hypothesized that in some

speakers with cleft palate, an increase in rate

would tax articulatory abilities to the extent that

a marked deterioration in speech would occur.

However, this did not happen in any of our six

subjects in the speech tasks studied. A number

of explanations are possible: (1) The speakers

with cleft palate made adjustments in movement

strategy to accommodate the reduced time which

were similar to those used by speakers without

a cleft. (2) The speakers with cleft palate used

movement strategies which, although unlike

those used by speakers without a cleft, allowed

them to avoid speech deterioration. (3) Increas-

ing speaking rate did not reduce the time

available to an extent that it was necessary to

change movement strategy.

In a study dealing with normal speech pro-

cesses, Linville (1982) measured the durations

of lip, tongue, and jaw movements as a function

of increasing speaking rate. He found that as rate

is increased, the durations of opening and clos-

ing movements decrease. However, the time that

these articulators stay at open and closed posi-

tions decreases with rate much more than do the

durations of opening and closing movements.

Therefore, increasing speaking rate may tax the

time available for large closing movements to a

lesser extent than it taxes other speech

movements. Although Linville (1982) only

studied the lip, tongue, and jaw, this may be the

case for velopharyngeal movements as well. The

movements which one might expect to be the

most difficult for speakers with structural or con-

trol limitations to produce may have been reduc-

ed in duration to a lesser extent than other

movements; that is, the most time was preserv-

ed for the hardest movements. Furthermore, if

the time spent at open and closed positions

decreases with increasing speaking rate, the

physical task of maintaining velopharyngeal

closure is changed. Maintaining closure may

become easier if the positions are held for a

shorter time. Further research measuring ar-

ticulatory movements may help to explore the

extent to which these articulatory processes oc-

cur in speakers with cleft palate.
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When considering the speech movements of

individuals with cleft palate, McDonald and

Koepp Baker (1951), and Karnell et al (1985)

have stressed the importance of studying not just

the velopharyngeal movements in isolation, but

the interactions among velopharyngeal, tongue,

jaw, and laryngeal articulations. Folkins (1985)

has stressed that movement strategies should be

expected to provide a good amount of flexibili-

ty in both spatial and temporal aspects of the

movement patterns used. Folkins (1985) has also

stressed that speakers with cleft palate may be

expected to exploit the plasticity of their motor

systems to develop atypical movement strategies

which result in perceptually good speech. For

example, Karnell et al (1985) found that, in a

cinefluorographic study of four subjects with

cleft palate, the two with the least abnormal

nasality used unusual movement patterns. In the

present study, although increasing rate was

designed to tax the structural and motor control

capabilities of the speakers, the flexibility and

plasticity of the articulatory mechanism may be

so great that further speech deterioration was

avoided by every speaker.

Four out of the six subjects with cleft palate

obtained higher ratings (their speech was

perceived as being more defective) in the

sentences with a target word than in the sentences

without a target word. Concurrently, the subjects

without cleft palate obtained ratings that were

within the same range for both types of

sentences. This may indicate that the four sub-

jects with cleft palate, although not usually af-

fected byrate, were influenced by the more dif-

ficult phonetic context.

In conclusion, the finding that the percept

of disordered speech in our task from six

speakers with cleft palate is not affected

significantly by increases in speaking rate em-

phasizes that the temporospatial factors involv-

- ed in control of the velopharyngeal mechanism,

and its interaction with other articulatory

systems, are still not clear. It is logical to assume

that organization of speech in children with cleft

palate will be influenced by structural and motor

control factors. However, it is not known what

specific structural factors will be influenced by

the time available, nor is it known to what ex-

tent the structural and motor control factors in-

teract. If some speakers with cleft palate do ex-

ploit their mechanisms and produce unusual tim-

ing relationships, then it would be interesting to

characterize this alternative motor control

strategy. Future studies of how the

velopharyngeal system interacts with other struc-

tures, its flexibility to move differently from time

to time, and its plasticity to develop new move-

ment strategies to achieve appropriate speech,

may eventually help us to guide speakers with

cleft palate to perceptually better speech.
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