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The purpose of this study was to examine the relative contribution
of clinical data obtained during speech examinations at age 4 years
and at each subsequent age through 13 years to the prediction of
judged speech proficiency at age 14 years for children with unilateral
cleft of the lip and palate. Psychological scale values of speech profi-
ciency were obtained for 50 adolescents and used as the dependent
variable in each analysis. The 16 independent variables used in the anal-
ysis at age 4 years included four nonspeech variables (gender, type
and age of primary surgery, and pharyngeal flap surgery) and 12 speech
measures obtained from speech examination. In subsequent analyses
at ages 5 through 13 years, the rate of change between adjacent age
levels for each of the 12 speech measures was also included, for a to-
tal of 28 independent variables.

The data were analyzed using the MAXR stepwise regression proce-
dure, first for the total group of subjects and then separately for males
and females. The results of this investigation indicated that a large
percentage of the variance in judged speech proficiency at age 14 years
can be accounted for, using clinical data obtained for speech exami-
nations at ages 4 through 13 years. When the regression analyses were
performed for the total group of subjects at ages 4 through 13 years,
the most efficient set of predictors accounted for 50 to 75 percent of
the variance in the dependent variable. The variable of gender was iden-
tified as the single most important predictor in nine of the 10 regres-
sion analyses, alone accounting for at least 40 percent of the variance
in judged speech proficiency.

When the regression analyses were performed separately for males
and females, approximately 50 to 80 percent of the variance was ac-
counted for in judged speech proficiency for males and 50 to 90 per-
cent for females using one, two, or three of the independent variables.
The most efficient set of predictors varied across age levels for both
groups. In addition, these predictors differed between males and
females.
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The study of individuals with cleft palate dur-
ing the past several decades has provided speech
pathologists with a better understanding of the
disorder, the underlying mechanisms, and as-
sociated speech characteristics. There have been
advances in all aspects of treatment, and these
are evidenced in the fact that children born with
cleft palate today are more likely to exhibit bet-
ter speech production and less cosmetic defor-
mity at maturity than children who were
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managed 20 years ago (Morris, 1981). In spite
of the improvements in treatment, however, a
large number of patients continue to have poor
cosmetic results, and many will exhibit speech
problems in adolescence and adulthood (Van De-
mark et al, 1979; Bardach et al, 1984).

Early identification of those children who will
continue to exhibit clinically significant speech
problems in adolescence and beyond is needed
to enhance the effectiveness and efficiency of the
treatment process. Depending on the nature of
the problem, the child who is at risk for defec-
tive speech in adolescence and early adulthood
might require early treatment and, possibly, ex-
tensive treatment. Certainly such children can
benefit from early identification and careful ob-
servation throughout the treatment period.

There is particular need for information about
prediction that can be used by speech-language
pathologists in general practice. For example, in-
formation that a clinical examination finding (or
findings) is a good predictor of eventual clinical
status would be useful to the practitioner in
monitoring progress and in deciding whether
referral to a specialty management team is indi-
cated. Such information would be especially use-
ful to the general practice speech-language
pathologist whose personal experience with cleft
lip and palate patients is somewhat limited.

Information is presently available to speech-
language pathologists about measures that may
be useful in predicting eventual clinical outcome.
Some are speech measures; others are not.

SPEECH MEASURES

There are some data to indicate that articula-
tion test scores may be useful in identifying sub-
jects who will ultimately require secondary
surgical management. Van Demark et al (1975)
examined the accuracy with which articulation
test scores obtained at 4 years of age were predic-
tive of eventual pharyngeal flap surgery by 8
years of age. They studied 75 patients with cleft
lip and palate, 19 of whom eventually received
secondary physical management. Their findings
indicated that predictions about whether secon-
dary surgery for velopharyngeal incompetence
would be required could be made with consider-
able accuracy on the basis of articulation test
results obtained at age 4. The possibility of bias
arises in this study, since speech status was con-

sidered in the decisions about surgery; however,
at no time was the decision based on a specific
articulation test score.

Other speech measures that might be good
predictors are measures that give information
about manner of production and error type.
There is considerable evidence in the literature
to indicate that cleft palate speakers of all ages
have more difficulty with fricatives, affricates,
and plosives than with glides (McWilliams et al,
1984), since the former groups require the build-
up of intraoral air pressure, usually by means of
velopharyngeal closure, and the latter group does
not. Error type might be a good predictor be-
cause cleft palate patients with velopharyngeal
dysfunction, a problem that is unlikely to be
resolved without surgery, is associated with
nasalization errors. Other error types such as oral
distortions and substitutions, are usually associat-
ed with other etiologic bases (McWilliams et al,
1984). Two additional speech measures that
might have predictive value are clinical ratings
of articulation defectiveness and nasality, since
such ratings are designed to reflect aspects of
proficiency during conversational speech.

Finally, it seems likely that information about
treatment by speech therapy might be an effec-
tive predictor of eventual speech status.
However, this variable is not easily examined.
Therapy regimes differ rather widely, and so
generalization is usually difficult. Also, it is fre-
quently difficult to get reliable information about
the type and frequency of therapy.

NONSPEECH MEASURES

Gender may be an important predictor. Van
Demark and Van Demark (1970) reported that
females with cleft palate typically exhibit better
speech than males, even as late as early adult-
hood. There are also data to indicate that differ-
ences in speech performance exist among the
various cleft type subgroups (Bzoch, 1956;
Spriestersbach and Powers, 1959; Spriestersbach
et al, 1961; Morris, 1960; Starr, 1956, Byrne
et al, 1961; Van Demark, 1974), with better
speech typically associated with the less severe
cleft types.

Another nonspeech measure that might have
predictive value is dental/occlusal status,
although the relationship between this factor and
articulation proficiency remains unclear. In spite
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of the prevailing clinical notion that dentition is
a major etiological factor of speech disorders in
the cleft population, the findings available from
several studies (Bzoch, 1956; Subtelny and Sub-
telny, 1959; Powers, 1962) indicate that patients
who demonstrate varying degrees of articulation
performance do not differ systematically in
specific orofacial relations.

Type and age of primary palatal surgery may
also influence speech outcome. Of the many
different surgical techniques that have been
designed for treatment of cleft palate, the most
commonly used procedures are the von Langen-
beck and the V-Y pushback. Several investiga-
tions have been conducted to assess the speech
results of these two procedures. There are some
data to suggest that the V-Y procedure is as-
sociated with better speech (Musgrave et al,
1975; McEvitt, 1971; Krause et al, 1976);
however, several investigators (O’Rian and
Hammond, 1972; Witzel et al, 1979) have
reported little difference in the resulting speech
proficiency of patients who received these two
surgical techniques. It has been argued also that
age of primary surgery is an important factor af-
fecting the speech performance of these patients,
since normal speech development is more likely
to occur when palatoplasty has been performed
early in the developmental process before inap-
propriate speech patterns are developed. In
general, the results reported by most investiga-
tors (Counihan, 1956; McWilliams, 1960; Jol-
leys, 1954; Peet, 1961; Lindsey et al, 1962; Dorf
and Curtain, 1982) support this notion.

Finally, two other variables that seem worthy
of consideration in predicting future speech per-
formance for patients with cleft palate are the sta-
tus of the velopharyngeal mechanism and
whether the patient had secondary palatal
management for velopharyngeal dysfunction fol-
lowing primary palatal surgery. These two fac-
tors could be used as predictors on the basis that
speakers who demonstrate the ability to achieve
velopharyngeal closure during speech production
are more likely to show better, more normal oral
speech than those who do not (Van Demark and
Morris, 1983), and speakers who require pharyn-
geal flap surgery have poorer speech before sur-
gery than those who do not. The two variables
seem highly interrelated, since only those pa-
tients with velopharyngeal incompetence would
be candidates for pharyngeal flap surgery.

PURPOSE

This retrospective study report was designed
to estimate the contribution of selected variables
to the prediction of speech proficiency of adoles-
cents with cleft lip and palate. The variables were
selected on the basis of availability to the speech
pathologist in general practice. The variables in-
cluded information that was descriptive of the
patient (e.g., gender, cleft type) and treatment
for the cleft (age and type of palatoplasty) as well
as speech measures that would be available in
any speech pathology setting.

METHODS

The data used for the study were taken from
a large data bank that contains (on a longitudi-
nal basis to be described later) information about
the patient, the original defect, surgical treat-
ment, and speech pathology examination find-
ings for approximately 400 patients. Most of the
patients were born in the late 1950s through 1975
and had cleft palate surgery no later than the mid
1970s; the youngest subjects are now reaching
their tenth birthday.

As indicated below, there are limitations to the
data bank to be considered in the design of this
study. Since not all patients returned for exami-
nation at the prescribed intervals, missing data
required elimination of a number of potential
subjects. No consistent and reliable data about
treatment by speech therapy are available in the
data bank (during construction of the data bank,
several attempts were made to do so, but none
were successful). No single physiologic estimate
of velopharyngeal function is available for all
subjects at each examination during this period
of data collection. Also no measure of dental sta-
tus is available at the various times of data col-
lection.

However, the relative importance of the pur-
pose and the emphasis on identifying potential
predictive measures that are available to the
speech pathologist in general practice lead to
the conclusion that the investigation is worth-
while, despite these limitations. Some addition-
al remarks about this general problem are
provided later in the paper.

Subjects

Subjects for this study included patients with
surgically repaired complete unilateral cleft of
the lip and palate who are or have been enrolled
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in a longitudinal research program at the Univer-
sity of Iowa Hospital and Clinics (Department
of Otolaryngology-Head and Neck Surgery).
Participants in this research project are examined
from birth every 6 months at least to the age of
5 years and then every 12 months at least to the
age of 16 years.

Subjects in this study included children who
were examined at 14 years of age and older who
had received annual speech examinations from
the age of 4 years. For inclusion in this study,
each subject was allowed to miss no more than
two annual examinations. Although this selec-
tion criterion may have introduced a subject bias
(i.e., patients who return for regular examina-
tions may differ from those who do not), this res-
triction was imposed to circumvent statistical
problems associated with large unequal sample
sizes. Subjects exhibiting a sensorineural hear-
ing loss and subjects demonstrating an IQ of less
than 85 were also excluded from this study in
an effort to eliminate two major factors contribut-
ing to speech proficiency other than those spe-
cifically related to cleft lip and palate.
Additionally, subjects with multiple congenital
anomalies were not included in this study. Sixty-
nine of the 200 patients with unilateral cleft lip
and palate enrolled in the longitudinal research
program were 14 years of age or older at the on-
set of this study. Nineteen of the 69 patients
failed to meet one or more of the selection criter-
ia and were eliminated from further study.

Fifty subjects, 26 males and 24 females, met
the selection criteria. Subjects’ birthdates ranged
from 1957 to 1969. Twenty-four of the subjects
had received the von Langenbeck procedure for
palatal repair. The remaining 26 subjects had
received some version of the V-Y pushback
(Wardill) technique. Type of palatal surgery was
in general determined by when it was performed.
Before 1968 the von Langenbeck procedure was
typically used; after 1968, some version of the
V-Y (Wardill) was used. Timing of palatoplasty
ranged from 16 months to 92 months, with a
mean age of 30.5 months. The distribution of
subjects according to age and type of surgery is
shown in Table 1. Eighteen of the 50 subjects
had received pharyngeal flap surgery. Mean age
at time of pharyngeal flap surgery was 69
months, with a range from 48 to 96 months.

Information about the distribution of the 50
subjects according to gender, type and timing of

TABLE 1 Distribution of the 50 Subjects According to
Type and Timing of Palatoplasty

Age Range Von Langenbeck
(mo) Procedure (N) V-Y Procedure (N)
< 24 1 5
24-30 10 16
31-36 7 4
> 37 5 2

palatoplasty, and pharyngeal flap surgery at each
age level is summarized in Table 2. Since each
subject was allowed to miss two speech exami-
nations in the age period studied, the number of
the 50 subjects for whom speech data were avail-
able differed between age levels. The subjects
were approximately equally distributed with
respect to gender and type of palatoplasty at most
age levels studied. Between the ages of 4 and 6
years, however, there were more subjects in the
V-Y procedure group than in the von Langen-
beck procedure group. As expected, as the sub-
jects got older more of them had received
pharyngeal flap surgery, up to the age of 9 years.

Also found in Table 2 is information about the
average improvement in speech proficiency ex-
hibited by the subjects between the ages of 4 and
13 years. The average percentage scores obtained
on the 105-item Iowa Cleft Palate Articulation
Test (ICPAT) (Van Demark and Tharp, 1973)
improved with age, at least to age 10. Improve-
ment in articulation proficiency continued after
10 years of age but at a more gradual rate. By
13 years of age, the subjects in this study did not,
on the average, achieve the articulation proficien-
cy of normal 8-year-old children (see Bernthal
and Bankson, 1981).

DATA COLLECTION
Predictor Variables

Various measures of speech proficiency were
obtained for all patients participating in the lon-
gitudinal research program and were computer
stored for retrieval and analysis. The following
data were retrieved and included in each regres-
sion analysis as predictor variables.

Articulation Test Information. The Iowa
Cleft Palate Articulation Test (ICPAT) is scored
by elements (phonemes) for a total score of 149.
Such a scoring procedure makes it possible to
identify performance on a specific phoneme
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TABLE 2 Descriptive Information About the Subjects Included in Each Analysis

Type of Pharyngeal
Gender Surgery* Flap Surgery
Age No. of - - Mean Age at - ICPAT
(Yr) Subjects M F VL 2% Surgery (mo) Yes No (Mean)
4 33 16 17 13 20 28.40 1 32 42.20
5 32 16 16 12 20 28.60 5 27 59.40
6 41 21 20 16 25 29.50 10 31 66.80
7 46 2 23 22 24 30.28 13 33 71.20
8 49 25 24 24 25 30.59 16 33 76.77
9 48 24 24 24 24 30.79 18 30 79.25
10 48 26 22 23 25 30.90 17 31 85.58
11 48 25 23 24 24 29.35 18 30 83.95
12 47 24 23 21 26 30.47 18 29 87.36
13 46 24 22 21 25 30.50 16 30 88.40

* VL=Von Langenbeck procedure; VY =pushback procedure

when it appears as a single as well as with other
phonemes in a cluster (for example, the /s/ in
the cluster /str-/). The test includes items (sin-
gle phonemes and clusters) that are found in the
Templin-Darley Screening Test of Articulation,
Towa Pressure Articulation Test (IPAT), and an
additional 41 items.

Using the computer program described by Van
Demark and Tharp (1973), the ICPAT score was
obtained for each subject at 4 years of age and
at each subsequent age through 13 years of age.
In addition to the test score, nine additional meas-
ures were derived from the test, relating to er-
ror type and manner of production errors (Table
3). The percentage change between adjacent age
levels on each of these measures was also com-
puted and included as a predictor variable in the
regression analyses at age 5 through 13 years,
using the following formula:

Score present examination - Score previous examination

Time difference in years between examinations

Approximately 90 percent of the articulation
tests were administered and scored by two speech
pathologists who have extensive experience with
the speech disorders of cleft palate patients. Their
inter- and intrajudge reliability in articulation
testing has been evaluated previously (Van De-
mark, 1964; Van Demark, 1974; Morris, 1978)
and found to be satisfactorily high (above 84 %).
The remaining tests were administered and

scored by other speech pathologists experienced
with cleft palate.

Estimates of current interjudge reliability of
the two speech pathologists referred to above
were obtained specifically for the present study.
The speech pathologists were asked to score an
articulation test for 15 patients who were seen
for routine speech evaluations at the University
of Iowa Hospitals and Clinics. Agreement be-

TABLE 3 Independent Variables (N=16) Used in
the Regression Analysis at Age 4 Years®

Speech Measures (scores)

Iowa Cleft Palate Articulation Test (ICPAT) Score
Percentage of

fricatives correctly produced
plosives correctly produced
glides correctly produced
affricates correctly produced
glottal stop/pharyngeal fricatives
oral distortion errors
nasal distortion errors
substitution errors
omission errors

Clinical rating of articulation defectiveness
Clinical rating of nasality

Nonspeech Measures
Gender
Type of primary palatoplasty
Age of palatoplasty (in months)
Pharyngeal flap

* After age 4 years, percentage of change for each of the speech
variables was also included in each age analysis for a total of
28 independent variables.
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tween the two examiners in scoring the tests on
a right-wrong basis was high (84 %). When both
examiners indicated that a patient’s response was
in error, the type of errors recorded by each ex-
aminer were compared to determine percent
agreement. As expected, type of error reliabili-
ty was somewhat lower than that obtained on a
right-wrong basis, with 76 percent agreement.
When differences in scoring type of error oc-
curred, the judges typically disagreed on type of
distortion (i.e., oral versus nasal).

Clinical Ratings of Articulation Defective-
ness and Nasality. Clinical ratings of articu-
lation defectiveness and nasality in connected
speech were obtained for each subject at age 4
and at each subsequent age through age 13 years.
The percentage change for these severity ratings
between adjacent age levels was computed at
ages 5 through 13 years and also entered into the
regression analysis as predictor variables. These
clinical ratings were assigned by the examining
speech pathologist at the time of observation us-
ing a seven-point equal-appearing interval scale,
where a rating of one indicated normal articula-
tion and normal nasality, and a rating of seven
indicated severely defective articulation and se-
vere hypernasality.

Reliability of these clinical ratings was esti-
mated by comparing 25 randomly selected clin-
ical ratings (25 for articulation and 25 for
nasality) with post-hoc clinical ratings assigned
by the original examiners solely on the basis of
connected speech samples that were recorded at
the time of the initial examination. Twenty-five
randomly selected samples, ranging from 19 to
45 seconds in length were taken from the origi-
nal tapes and recorded onto an experimental tape.
The two speech pathologists who were respon-
sible for approximately 90 percent of the origi-
nal clinical ratings listened to the tapes and rated
the samples for articulation defectiveness and
severity of nasality. A seven-point equal-
appearing interval scale, extending from one
(representing normal articulation or normal na-
sality) to seven (representing most defective ar-
ticulation or severe nasality) was employed.

Interjudge reliability was relatively high, with
judgments exact or within one scale value on 92
percent (articulation) and 84 percent (nasality)
of the samples. Intrajudge reliability was esti-
mated by comparing the clinical ratings assigned
at the time of examination with the post-hoc rat-
ings made from the tapes. These comparisons

also indicated adequate reliability; the post-hoc
ratings were equal to or within one rating for 100
percent of the original ratings for articulation
defectiveness and for 92 percent of the original
ratings for nasality.

Nonspeech Variables. Descriptive informa-
tion was obtained from the available records
about gender (male, female), type of surgical
procedure used to close the palatal cleft (von
Langenbeck, V-Y), timing of palatoplasty (age
of surgery in months), and pharyngeal flap sur-
gery (yes, no).

Predicted Variable

Samples of connected speech that were elicit-
ed and recorded at the subject’s fourteenth year
examination were retrieved for scaling. The
speech sample for each subject consisted of 13
sentences previously constructed by Van Demark
(1964). The sample contained 149 consonant
sounds and was constructed so that the frequen-
cy of occurrence of consonants closely approxi-
mated their expected occurrence in the English
language. These samples were rerecorded in ran-
dom order onto an experimental tape using a
Teac 4-Channel Simul-sync Stereo tape record-
er (Model A23405X, Serial 75096).

The listening task was conducted in a sound-
treated room. Samples of connected speech were
presented to the listeners using a Tascam 22-4
tape playback. Fifteen graduate students who had
experience in cleft palate and related disorders
rated the samples. Graduate students were used
rather than practicing speech pathologists for
convenience: it proved difficult to obtain the as-
sistance of 15 practitioners within the time limi-
tations of the study. In rating speech proficiency,
the judges were instructed to consider aspects of
speech related to articulation, nasality, and over-
all intelligibility and assign a scale value for over-
all speech proficiency. The method of
equal-appearing intervals was used and a seven-
point scale was employed in scaling speech profi-
ciency. The judges were trained immediately pri-
or to the scaling by use of a training tape that
presented four examples of speech, two each at
the extremes of speech proficiency.

Reliability of Speech Proficiency Scale
Values. High reliability of the average rating
was important for this study since the mean scale
value of speech proficiency assigned by the 15
judges was used in each regression analysis as
the predicted variable. Reliability of the mean
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scale values for judged speech proficiency was
estimated by use of a correlation procedure simi-
lar to the intraclass correlation procedure dis-
cussed by Ebel (1951). In this analysis, the error
components of variance related to judge and
subject-judge interaction were separated from the
true component of variance, thus allowing esti-
mation of the repeatability of the average scale
value. Reliability of the average rating was high,
with a correlation coefficient of 0.95.

DATA ANALYSIS
Regression Analysis

The data obtained in this study were analyzed
by multiple regression procedures. The predict-
ed variable in each analysis was judged speech
proficiency at age 14 years. The 16 predictor
variables used for the analysis at age 4 are listed
in Table 3. In subsequent years, ages 5 to 13
years, 12 more variables were added: the per-
centage of change between adjacent age levels
for each of the 12 speech measures derived from
the speech examination.

The maximum R? (MAXR) improvement
method (SAS, 1982), a stepwise regression
procedure, was used for the exploratory analy-
sis at each of the 10 age levels. This method
searches for the ‘‘best’’ one-variable model, the
““best’” two-variable model, up to the ‘‘best’” k-
variable model (where k = total number of in-
dependent variables). In the initial step, the tech-
nique selects the one-variable model that
produces the highest R2. In the next step, the in-
dependent variable that produces the greatest in-
crease in R? is then added to obtain the ‘best’’
two-variable model. Before proceeding further
by adding a third variable, the MAXR procedure
compares the variables that are not in the two-
variable model to the variables that are in the
model to determine whether replacing either
variable in the model increases the size of R2.
The comparison continues until the procedure de-
termines that replacements will not increase R2.
Subsequently, a third variable is added, continu-
ing in this manner, adding variables to the model
and comparing all possible replacements until the
“‘best’’ k-variable model is found. Following the
regression analysis and selection of the best k-
variable model for each age level, a residual anal-
ysis was performed to assess the appropriateness
of the regression analysis used. In addition, the
residuals with extremely large values (outliers)

were identified using a measure of influence,
Cook’s distance (SAS, 1982), and deleted since
their inclusion could be expected to significant-
ly alter the fit of the model.

A problem that may be encountered in regres-
sion is that of multicolinearity. The variable
selection process of the MAXR regression proce-
dure used in the present study includes only those
variables in each step of the analysis that yield
the greatest increase in R2. So, although two or
more variables may be highly correlated, the
variable that contributes most to prediction of the
dependent variable by increasing R? is entered
first. Ultimately, however, the practical impli-
cations of including one variable in the model
and excluding another highly correlated varia-
ble(s) must be considered.

RESULTS
Regression Analysis

Ten regression analyses were performed, one
at age 4 and one at each subsequent age through
age 13 years. The results of these analyses for
the full model and the most efficient model are
summarized in Table 4. The complete correla-
tion matrices for each analysis, as well as all of
the multiple regression analyses are included in
the report of the original study (Hardin, 1984).

As indicated earlier, the criteria for subject in-
clusion permitted no more than two missed an-
nual speech examinations in the age period
studied. As a consequence, the number of the
50 subjects for whom speech data were availa-
ble differs from one age level to another. This
information is also given in Table 4.

As shown in Table 4, 81 to 91 percent of the
variance in judged speech proficiency was ac-
counted for when all of the independent varia-
bles were included in the analysis at ages 4 (16
variables) through 13 years (28 variables). Many
of the independent variables that were included
in each analysis beyond the two-, three-, and
four-variable models, however, did not contrib-
ute significantly to prediction of the dependent
variable. Furthermore, although the inclusion of
some predictor variables resulted in a statistically
significant contribution to prediction, the abso-
lute magnitude of the contribution in terms of R2
was small. Therefore, two criteria were used to
define the most efficient set of predictors: (1)
those variables that contributed significantly
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TABLE 4 Summary of the Regression Analysis for the Full Model and Most Efficient Model at Each Age

Full Model
(No. of Variables) R2

Age
(Yr) N

Efficient Model R?

4 31 16

. 0.82

0.91

0.82

0.89

0.85

0.87

0.89

0.93

2-Variable model
Gender
% Omission errors

2-Variable model
Gender
Rating of nasality

3-Variable model
Gender
% Omission errors
Percentage of change in nasality

2-Variable model
Gender
Rating of nasality

2-Variable model
Gender
% Fricatives correct

2-Variable model

Gender

Percentage of change in % plosives
correct

2-Variable model
Gender
Rating of articulation

2-Variable model
Gender
% Oral distortion errors

4-Variable model
Gender
Age of surgery
% Fricatives correct
% Affricates correct

2-Variable model
ICPAT score
Gender

(p<0.05) to judged speech proficiency, and (2)
those variables that resulted in a substantial in-
crease (8% or more) to R2.

The most efficient set of predictors obtained
in each of the ten analyses can also be found in
Table 4. As shown, the percent variance account-
ed for in judged speech proficiency in these ana-
lyses ranged from 49 to 73 percent. With the
exception of the models obtained at ages 6 and
12 years, the two-variable model tended to in-
clude the most efficient set of predictors.

The findings presented in Table 4 indicate that
gender was the independent variable most high-
ly correlated with judged speech proficiency (fe-
males were typically judged to demonstrate better
speech proficiency than males) in the analyses
at ages 4 through 12 years and thus was the sin-
gle best predictor of judged speech proficiency.
This variable alone accounted for 40 to 49 per-
cent of the variance in judged speech proficien-

cy. Only in the analysis at age 13 years was some
other independent variable ICPAT Score) iden-
tified as the single best predictor of speech profi-
ciency at age 14 years.

In addition to gender, the variables of percen-
tage of omission errors and clinical rating of na-
sality were important predictor variables between
the ages of 4 and 7 years (Table 4). At 8 years
of age and through age 12 years, independent
variables related to manner of production (per-
centage of fricatives correct, percentage of plo-
sives correct, and percentage of affricates
correct), clinical rating of articulation defective-
ness, percentage of oral distortion errors, and
timing of surgery were strong predictors. The
variables of percentage of glottal
stops/pharyngeal fricatives and percentage of
nasal distortion errors did not emerge as strong
predictors in any analysis. Percentage of change
in various measures of speech proficiency
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emerged as a strong predictor of judged speech
proficiency in only two of the ten analyses.

The variable of gender accounted for such a
large percentage of the variance in the depen-
dent variable that the contribution of the other
predictor variables to prediction was obscured.
Further, when gender was included in the anal-
ysis, the other independent variables that
emerged as strong predictors were predictors
based on both genders and, thus, representative
of a heterogeneous group. Since these data indi-
cated that the two gender groups differed in
speech proficiency at age 14 years, it seemed
possible that the important predictors for males
and females were the same even though males
had poorer speech at 14 years of age. Another
possibility, however, was that the important
predictors differed between the groups. To pro-
vide additional information about these two pos-
sibilities, a second analysis was performed in
which the MAXR procedure was performed for
each gender group individually.

Within-Gender Analysis

The analysis was repeated for males and fe-
males separately. As a first step, correlation
coefficients between the dependent variable and
the independent variables were examined to de-
termine whether any independent variable
emerged consistently as the single most impor-
tant predictor of speech proficiency for each of
the two gender groups (Table 5). The findings
indicated that (1) there was no single most im-
portant predictor of the dependent variable across
age levels for both groups, and (2) the ‘‘best”’

predictors differed between the two gender
groups at all of the age levels studied.

The results of the regression analysis for the
most efficient set of predictors are summarized
in Table 6. Because the number of subjects was
now 25 or less in each group, and consequently
the ratio of subjects to independent variables was
smaller, only the most efficient set of predictors
that were identified in the one-, two-, or three-
variable models were considered in these ana-
lyses. The number of subjects in the analyses for
males ranged from 15 to 25; 13 to 21 subjects
were included in the analyses for females.

The percent variance accounted for in judged
speech proficiency ranged from 49 to 82 percent
for males and 52 to 88 percent for females. It
is evident from the information provided in Ta-
ble 6 that the most efficient set of predictors of
judged speech proficiency differed for males and
females at each age level. Only in the analysis
at age 10 did both groups share one common
predictor, rating of articulation defectiveness.

As evidenced in Table 6, the clinical rating of
articulation defectiveness was identified as a
strong predictor variable for both groups, emerg-
ing at ages 4, 10, and 12 years for males and
at ages 6, 8, and 10 years for females. The per-
centage of change in this clinical rating did not
emerge frequently as a strong predictor varia-
ble for either group. Similarly, the clinical rat-
ing of nasality and the articulation test score as
well as the percentage of change in these two
variables were not consistently identified as im-
portant predictors for either males or females.

Of the four manner-of-production categories
studied, only the percentage of fricatives correct

TABLE 5 Independent Variables Most Highly Correlated at Each Age Level with Judged Speech

Proficiency at Age 14 Years for Males and Females

Age Males Variable Females Variable r
4 Rating of articulation 0.76 Rating of nasality 0.79
5 Rating of articulation 0.81 % Omissions 0.75
6 % Fricatives -0.73 Percentage of change in rating of nasality -0.62
7 % Omissions 0.57 Percentage of change in % glides 0.56
8 % Fricatives -0.72 Percentage of change in % substitutions 0.67
9 ICPAT score —0.56 Type of surgery —0.43
10 Rating of articulation 0.70 % "Substitutions 0.68
1 % Oral distortions ' 0.58 Age of surgery 0.53
12 Percentage of change in % affricates 0.60 % Fricatives -0.78
13 % Fricatives —0.82 Age of surgery 0.44
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TABLE 6 Summary of the Regression Analyses for the Most Efficient Set of Predictors Obtained for Males

and Females at Each Age Level

Age Males R? Females R
4 3-Variable model 0.81 1-Variable model 0.62
Rating of articulation Rating of nasality
% Glides
% Oral distortion
5 3-Variable model 0.82 1-Variable model 0.56
Percentage of change % glottals/ % Omissions
pharyngeal fricatives
% Oral distortion
% Affricatives
6 3-Variable model 0.77 2-Variable model 0.53
Percentage of change Percentage of change
ICPAT score Rating nasality
Percentage of change % oral distortion Rating of articulation
% Omissions
7 3-Variable model 0.64 3-Variable model 0.80
% Omissions Age of surgery
Percentage of change % omissions Percentage of change % glides
Percentage of change % fricatives % Substitutions
8 1-Variable model 0.52 2-Variable model 0.57
% Fricatives Percentage of change % substitutions
Rating of articulation
9 3-Variable model 0.58 3*-Variable model 0.65
% Fricatives Type of surgery
Percentage of change % glides Percentage of change % affricates
Percentage of change % plosives Percentage of change % fricatives
10 1-Variable model 0.49 3-Variable model 0.73
Rating of articulation % Substitutions
Rating of articulation
Percentage of change % affricates
11 3-Variable model 0.57 3-Variable model 0.52
% Oral distortion Percentage of change rating articulation
Age of surgery Percentage of change % oral distortion
Percentage of change % omissions Pharyngeal flap
12 3*-Variable model 0.74 3-Variable model 0.88
Pharyngeal flap % Fricatives
Rating of articulation Age of surgery
Percentage of change % oral distortion % Glottal stops/pharyngeal fricatives
13 1-Variable model 0.68 3*-Variable model 0.55

% Fricatives

Age of surgery
Percentage of change % fricatives
Percentage of change % substitutions

* Other variables in addition to those obtained in the 3-variable model significantly contributed to prediction of the dependent variable and

resulted in a substantial increase (at least 8%) in R2.

and percentage of change in this variable were
included frequently in the most efficient predic-
tive model for each gender group. Information
related to plosive production appeared least
predictive of the dependent variable and was not
included in the efficient model for either group
at any age level.

Differences between the genders were evident
when type-of-error categories were examined.
Errors related to omissions and oral distortions
emerged frequently as strong predictors for
males but not for females. As indicated in Table

6, the variables of percentage error or percen-
tage of change in substitution errors were not in-
cluded in the most efficient models for males at
any age level studied. However, this error type
emerged frequently as a predictor for females,
significantly contributing to prediction of judged
speech proficiency at ages 7, 8, 10, and 13 years.

Information about nasal distortion errors did
not emerge as an important predictor for males
or females at any age level studied. Variables
related to glottal stop/pharyngeal fricative
production did not appear highly related to the
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dependent variable and were included in the most
efficient set of predictors only at age twelve for
females and age five for males.

Surgical variables did not emerge consistent-
ly as strong predictors for either group. Since
the relationship between the variables of type and
age of surgery and judged speech proficiency did
not change over time, these variables might have
been expected to emerge consistently had they
been important predictors of the dependent
variable.

DISCUSSION

The results of this study indicate that for this
group of subjects a large percentage of the vari-
ance in judged speech proficiency at age 14 years
can be accounted for by use of clinical data ob-
tained from earlier age levels, ages 4 through 13
years. When only the most efficient set of predic-
tors was considered for the total group, 50 to 75
percent of the variance in judged speech profi-
ciency was accounted for. A comparable amount
of variance was accounted for when the analy-
sis was performed separately for males and fe-
males. Although a considerable amount of the
variance in the dependent variable was left un-
explained, the R? values were high considering
the predictive nature of this study.

The major finding from the regression analyses
performed for the total group of subjects was that
gender emerged as the single most important
predictor of judged speech proficiency at nine
of the 10 age levels studied; gender alone ac-
counted for at least 40 percent of the variance.
No other independent variable showed such con-
sistency as a predictor. Since gender is a dichoto-
mous variable, the high correlation between this
variable and judged speech proficiency simply
indicated that one gender (females) was typical-
ly judged to demonstrate better speech proficien-
cy than the other (males) at age 14 years.

Starr (1956) suggested that gender differences
in the cleft lip and palate population were relat-
ed to cleft type since a larger number of females
have less severe cleft types than males and so
might be expected to demonstrate better speech.
However, Van Demark and Van Demark (1970)
reported that their 18- and 19-year-old females
with cleft lip only and cleft lip and palate
achieved higher articulation scores than males
of the same age, regardless of cleft type. In the
present study, subject selection was restricted to
patients with unilateral cleft lip and palate in an

effort to control the influence of this variable.
It seems, then, that females achieve better speech
proficiency than males, regardless of cleft type,
and in future prediction studies these two groups
should be studied separately.

When the regression analyses were performed
separately by gender, the most efficient set of
predictors differed at each age level for males
and females. An explanation for these differences
is not readily apparent. Examination of the aver-
age scores obtained by both groups for each of
the speech measures included as independent
variables at age 4 through 13 years suggested
that, in general, although females received some-
what higher percentage scores than males, both
groups exhibited similar speech profiles. The
correlations among the independent variables in-
dicated that many of the strong predictors for
males were significantly related to those varia-
bles that emerged as predictors for females;
however, the correlations were only moderate-
ly high. Additional study of the differences be-
tween genders is needed.

The best set of predictors also differed con-
siderably across the age levels studied for both
groups. Apparently, since the error patterns for
these children change over time as a result of
maturation or treatment, the contribution of
selected variables to prediction change as well.
This variation among age levels is disappoint-
ing. Clinically, it would be useful to identify a
variable or small subset of variables that could
be used at any age level to predict future speech
performance. For example, it would be particu-
larly useful to the speech pathologist if the sub-
set of important predictors could be restricted to
a test score, a measure related to manner of
production, or both. That is because such scores
(obtained on a right/wrong basis) can usually be
obtained in a more clinically reliable fashion than
measures based on error type or on clinical rat-
ings of connected speech. The correlations
among the independent variables included in this
study indicated that variables which emerged as
important predictors at a given age level were
not always highly correlated with important
predictors at adjacent age levels. In light of these
findings, it would appear that there is no single
variable or subset of variables that can be used
to predict speech proficiency. It should be point-
ed out, however, that the subset of predictors
identified at each age level reflected the combi-
nation of independent variables that yielded the
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greatest R2. It may be that other combinations
of variables would result in comparable, if some-
what lower, R2s. This possibility was not ex-
plored in this investigation but warrants further
study since other combinations might emerge
more consistently across age levels. In general,
the independent variables that emerged most fre-
quently as important predictors were those relat-
ed to categories of errors (including omissions,
oral distortions, substitutions, fricatives, affri-
cates, and glides) and the clinical rating of ar-
ticulation defectiveness. For both gender groups,
particularly prior to the age of 9, the majority
of variables that emerged as important predic-
tors appeared to be related to both maturational
factors and the physiological factor of
velopharyngeal function. After age 9 years,
however, low correlations were generally ob-
served between variables included in the most
efficient set of predictors and variables presuma-
bly related to velopharyngeal incompetence
(e.g., severity of nasality, nasal distortion error).

Variables related to nasalization of speech
(e.g., clinical rating of nasality, nasal distortion
errors) were of little predictive value in this
study. It is likely that these findings were in-
fluenced, to a large extent, by the philosophy of
treatment at the cleft palate center where these
children received management. Generally, at this
center, children who exhibit significant nasali-
zation related to velopharyngeal incompetence,
receive secondary surgical management at a rela-
tively early age (4 to 10 years). Consequently,
although these variables were significantly relat-
ed to other predictors in the analyses at early age
levels, they were not at older age levels, nor
would they be expected to be. However, these
variables may well be important to prediction of
speech proficiency for children who receive
treatment at centers where secondary surgical
management is delayed until the child is older.

Similarly, surgical variables did not emerge
as strong predictor variables in this study.
Although type and age at time of palatoplasty
may well be related to speech proficiency at
younger age levels, the findings presented here
indicate that such information is not very useful
to prediction of speech outcome in adolescence.
The strength of these variables as predictors, of
course, would presumably vary with the surgi-
cal philosophy of different treatment centers. For
example, one might speculate that timing of pala-
tal surgery would have emerged as an important

predictor in this study had one surgery group
consisted of patients who had received delayed
hard palate closure.

It is also pertinent to point out that sample size
may have influenced the findings in this study.
The ratio of number of subjects to predictor vari-
ables was smaller than optimal and may have
resulted in an underestimate of the strength of
relationships reported. In other words, stronger
relationships between variables related to nasali-
zation and surgery (as well as others) and the
predicted variable of judged speech proficiency
might have emerged had a larger number of sub-
jects been studied.

The percentage of change in various speech
measures was important to prediction of judged
speech proficiency at most of the age levels
studied for both males and females. This find-
ing was not unexpected since differences among
children with similar problems in percentage of
change would tend to discriminate those who are
more likely to achieve good speech at an early
age from those who will require therapy over a
number of years. In terms of prediction,
however, it is interesting to note that percentage
of change in each of the 12 speech variables was
not considered in the analysis at age 4 years, yet
a comparable amount of the variance in judged
speech proficiency was accounted for. Since in-
formation about percentage of change may, at
times, be difficult to retrieve for some patients,
it would be worthwhile to determine the extent
to which speech proficiency at age 14 years could
be predicted without these data.

Some limitations of the data bank, and hence
of the data used in this study, were referred to
earlier. The issue of dental status was addressed
by limiting cleft type to unilateral cleft lip and
palate, although certainly some variance in den-
tal status within that group is also expected.

No compensation seemed possible for the lack
of information about speech therapy; certainly
those data could be expected to be useful in
prediction; and inclusion of those data might lead
to more precise prediction. However, the data
are simply not available; their predictive value
must be addressed in some future study.

As indicated earlier, a troublesome limitation
of the data bank is the lack of a satisfactory phys-
iologic estimate of velopharyngeal function. (In-
deed, there is such information but the measures
used in the data bank are generally now not ac-
ceptable by conventional standards.) The deficit



22 Cleft Palate Journal, January 1986, Vol. 23 No. 1

is regrettable, but unavoidable. However the
deficit is not devastating to the present study,
since the objective is to identify possible predic-
tors of success that are available to the general
practice speech pathologist, and clearly, it is the
rare exception that facilities in general practice
include such methods as aerodynamic measures
or nasendoscopy:

It seems likely that some information about
velopharyngeal function is included in certain of
the speech measures, especially the percentage
of nasal distortion errors measure, although it
is possible that learning conceivably could be a
factor in that measure also. To the extent,
however, that nasal distortion reflects
velopharyngeal dysfunction, the lack of a phys-
iological estimate of velopharyngeal function is
compensated in this study and further compen-
sated by a measure that is available to the speech
pathologist in general practice.

Two additional features of this study warrant
comment. A possible limitation is that the sub-
jects exhibited a relatively restricted range of
speech proficiency at age 14 years. No subject
exhibited severely defective speech. It may be
that this restricted range is related to the lack of
consistency in predictors from one age level to
the next. The study of patients who exhibit a
wider range of speech proficiency may reveal a
clearer pattern of predictors of future speech be-
havior. It is also pertinent to point out that the
identification of predictor variables in this study
is closely related to the specific treatment pro-
gram received by the subjects. As a consequence,
generalization of these results (the application of
predictor variables from this study to other
groups of patients) can be made only to the ex-
tent that the treatment programs are similar. A
clear example of such possible differences is the
role of speech measures and surgical measures
relating to nasalization of speech as predictors.
As indicated earlier, none of these variables
emerged often as strong predictors of eventual
speech proficiency, probably because the treat-
ment program includes careful and relatively ear-
ly- attention to the underlying physiological
factor, velopharyngeal dysfunction. For a group
of patients whose treatment program was charac-
terized by less aggressive diagnosis and manage-
ment of such dysfunction (and who consequently
received pharyngeal flap surgery less often or
later in life), measures relating to nasalization
(or other measures as well) might emerge as bet-

ter predictors of future speech performance than
indicated in this study.

Prediction of long-term speech proficiency is
a challenging goal for the speech pathologist. The
task requires the collection of data in a reliable
fashion over an extended period of time for a
generous number of subjects. Ideally, the task
should include data obtained from a heterogene-
ous group of patients who have received differ-
ent treatment programs. Without collaboration
between treatment centers, however, it is cer-
tainly not an easy task to collect data for these
purposes. In spite of the problematic nature of
this type of research, we believe sophisticated
multivariate statistical procedures offer a vehi-
cle by which the general prediction problem can
be examined in a systematic way. In this
retrospective study, the MAXR procedure was
employed to examine the contribution of select-
ed variables to prediction of speech outcome in
adolescence. Other strategies and statistical
procedures may also be expected to improve our
predictive skills about future speech proficiency,
so that we can estimate more reliably for par-
ents and other professionals which children will
show good progress, and under what circum-
stances, and which children appear at risk for
long-term verbal deficits. Our intent in this
preliminary report was to describe a specific
methodology for addressing the prediction
problem and share some of our initial findings.
There are many questions yet to be asked, and
variables and methodologies to be explored be-
fore data of this type can be applied to other clin-
ical groups. Since the initiation of this project,
other patients in our longitudinal research pro-
gram have reached the age of 14 years. We plan
to apply the regression coefficients obtained in
this study to this ‘‘new’’ group of patients to as-
sess the precision of the statistical model. Addi-
tionally other strategies for modeling longitudinal
patterns of speech proficiency are being ex-
amined.

References

BARDACH J, MoRRIs HL, OLIN WH, MCDERMOTT-MURRAY
J, MooNEY M, BARDACH E. Late results of multidiscipli-
nary management of unilateral cleft lip and palate. Ann Plast
Surg 1984; 12:235.

BERNTHAL JE, BANKSON NW. Articulation Disorders. En-
glewood Cliffs: Prentice-Hall, 1981.

BYRNE MC, SHELTON RL, DIEDRICH WM. Articulatory skill,



Hardin et al, VARIABLES TO THE PREDICTION OF SPEECH PROFICIENCY FOR ADOLESCENTS 23

physical management, and classification of children with
cleft palates. J Speech Hear Dis 1961; 26:326.

BzocH KR. An investigation of the speech of pre-school cleft
palate children. Ph.D. Thesis, Northwestern University,
Evanston, IL, 1956.

CouniHAN DT. A clinical study of the speech efficiency and

structural adequacy of operated adolescent and adult cleft
palate persons. Ph.D. Thesis, Northwestern University,
Evanston, IL, 1956.

Dorr DS, CurTIN JW. Early cleft palate repair and speech
outcome. J Plast Reconstr Surg 1982; 70:74.

EBeL RL. Estimation of the reliability of ratings. Psy-
chometrica 1951; 16:407.

HARDIN MA. The contribution of selected variables to the
prediction of speech proficiency for adolescents with cleft
lip and palate. Ph.D. Thesis, University of Iowa, Iowa City,
1A, 1984.

JoLLEYS A. A review of the results of operations on cleft
palates with reference to maxillary growth and speech func-
tion. Br J Plast Surg 1954; 7:229.

KRrAUSE CJ, THARP RF, MoRrris HL. A comparative study
of results of the von Langenbeck and the V-Y pushback
palatoplasties. Cleft Palate J 1976; 13:11.

LinDSEY WK, LEMESURIER AB, FARMER AW. A study of
the speech results of a large series of cleft palate patients.
J Plast Reconstr Surg 1962; 29:273.

MCcEvitT WG. The incidence of persistent rhinolalia follow-
ing cleft palate repair. J Plast Reconstr Surg 1971; 46:258.

McWiLLiaMs BJ. Cleft palate management in England.
Speech Path Ther 1960; 3:3.

McWiLLiams BJ, Morris HL, SHELTON RL. Cleft Palate
Speech. Toronto: B.C. Decker, 1984.

Morris HL. Communication skills of children with cleft lips
and palates. Ph.D. Thesis, University of lowa, Iowa City,
IA, 1960.

Morris HL. Velopharyngeal competence and the Demjen
W/V-Y technique. In: Morris HL, ed. The Bratislava
project. Iowa City: University of Iowa Press, 1978.

Morris HL. The children with cleft lip and palate: 20 years
of progress. Int J Pediatr Otorhinolaryngol 1981; 3:93.

MusGrave RH, McWiLLIaMS B], MATTHEWS HP. A review
of the results of two different surgical procedures for the
repair of the soft palate only. Cleft Palate J 1975; 12:281.

O'R1aN S, HaMMOND BN. Speech results in cleft palate sur-
gery. Br J Plast Surg 1972; 25:380.

PeeT EW. The Oxford technique of cleft palate repair. J Plast
Reconstr Surg 1961; 28:282. *

PoweRrs GR. Cinefluorographic investigation of articulato-
ry movements of selected individuals with cleft palate. J
Speech Hear Res 1962; 5:59.

SAS Users Guide: Statistics (1982).

SPRIESTERSBACH DC, Powgrs GR. Articulation skills,
velopharyngeal closure, and oral breath pressure of chil-
dren with cleft palates. J Speech Hear Res 1959; 2:318.

SPRIESTERSBACH DC, MoLL KL, Morris HL. Subject clas-
sification and articulation of speakers with cleft palates.
J Speech Hear Res 1961; 4:362.

STARR CD. The study of some characteristics of the speech
and speech mechanism of a group of cleft palate children.
Ph.D. Thesis, Northwestern University, Evanston, IL,
1956.

SUBTELNY JD, SUBTELNY JD. Intelligibility and associated
physiological factors of cleft palate speakers. J Speech Hear
Res 1959; 2:353.

Van DEMARK DR. Misarticulations and listener judgments
of the speech of individuals with cleft palate Cleft Palate
J 1964; 1:232.

Van DEMARK DR. Assessment of articulation for children
with cleft palate. Cleft Palate J:1974; 11:200.

VAN DEMARK DR, VAN DEMARK AA. Speech and socio-
vocational aspects of individuals with cleft palate Cleft Pa-
late J 1970; 7:284.

VanN DEmMARK DR, THARP R." A computer program for ar-
ticulation tests. Cleft Palate J 1973; 10:378. :

VAN DEMARK DR, KUEHN DP, THARP RF. Prediction of
velopharyngeal competency. Cleft Palate J 1975; 12:5.

VaN DEMARK DR, Morris HL, VANDEHAAR C. Patterns
of articulation abilities in speakers with cleft palate. Cleft
Palate J 1979; 16:230.

VaN DEMARK DR, Morris HL. Stability of velopharyngeal
competency. Cleft Palate J 1983; 10:18.

WitzEL MA, CLARKE JA, LINDsEy WK, THomsoN HG.
Comparison of results of pushback or von Langenbeck
repair of isolated cleft of the hard and soft palate. J Plast
Reconstr Surg 1979; 64:347.



