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Abstract
Objective—To determine the reliability and validity of a computer-mediated, 50 word
intelligibility test designed to be a global measure of severity of speech disability in children with
repaired cleft lip and palate (CLP).

Design—A prospective between group design was used with convenience sampling of patients
from a university craniofacial center.

Participants—Thirty-eight children between the ages of 4 and 9 years. Twenty-two had repaired
CLP while 16 had no clefts. Twenty adults served as listeners.

Main Outcome Measure(s)—Speech intelligibility scores were calculated for repeated
administrations of a single-word test based upon the number of correct orthographically
transcribed words by 4 groups of 5 listeners per child. Measures of parallel forms, inter-listener,
and intra-listener reliability were estimated; measures of construct validity were also determined.

Results—All measures of reliability were adequate. Parallel forms reliability of the test based
upon mean scores from 5 listeners per child was high (r=.97). Thirty-seven of 38 children had
differences between forms of 11 percentage points or less. Construct validity of the test was
shown by a) significantly lower speech intelligibility scores for children with CLP than controls,
and b) a moderately high correlation (r=.79) between intelligibility scores and percent consonants
correct for all children.
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Conclusions—A computerized, single-word intelligibility test was described which appears to
be a reliable and valid measure of global speech deficits in children with CLP. Additional
development of the test may further facilitate standardized assessment of children with CLP.
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Speech intelligibility is the degree to which a speaker can be understood by a listener.
Yorkston and Beukelman (1978) stated that intelligibility is the most important measure of a
speech disorder and increasing intelligibility is the primary goal of therapy interventions.
Children with structural defects such as cleft lip and/or palate (CL/P) may have significantly
reduced speech intelligibility due to a number of factors. Typical speech characteristics of
children with cleft palate may include hypernasality, audible nasal air emission, weak oral
pressure consonants, and compensatory articulations such as glottal stops, pharyngeal stops,
pharyngeal fricatives, and mid-dorsum palatal stops. In addition, alveolar sounds may be
affected if clefts involve the lip and alveolus. Whitehill and Chau (2004) noted that even
after surgical repair of the palate, a number of factors may affect speech production and
impact intelligibility, including the presence of oral-nasal fistulae, coexisting hearing
impairments, problems with dentition, and velopharyngeal inadequacy. In addition,
established patterns of misarticulation may persist and affect intelligibility.

Kent et al. (1989) emphasized that speech intelligibility is a relative measure that “can vary
with a host of variables, many of which pertain to the listener and the communicative
environment as well as to the speaker.” Kent et al. cited Flanagan (1972) who indicated that
non-speaker variables such as test material, personnel, training, and test procedures all may
influence intelligibility. Konst et al. (2000) identified speaker factors such as “intonation,
accent, stress, and rate” in addition to linguistic factors such as context and redundancy that
can influence speech intelligibility. Prosodic and linguistic factors may be especially
influential when sentence-level and/or conversational speech samples are used to estimate
intelligibility.

Kent et al. (1989) noted that estimates of intelligibility in speech pathology have been
obtained primarily by two methods – scaling procedures such as equal-appearing interval
scales and item identification. McWilliams et al. (1990) observed that early studies that
investigated intelligibility in children with repaired cleft palate employed item identification
via transcription or write-down techniques (e.g., Prins and Bloomer, 1965, 1968; Fletcher,
1978). In general, these studies indicated a) clear differences in intelligibility between
individuals with and without cleft palate, b) a tendency for articulation and intelligibility
scores to be correlated (especially errors involving stop consonants), and c) a tendency for
intelligibility and velopharyngeal (VP) function to be related. Although transcription-based
studies generated important information, Subtelny et al. (1972) advocated the use of rating
scales to evaluate intelligibility in speakers with cleft palate given that write-down
techniques were too time-consuming.

Kent et al. (1989) further noted that “intelligibility assessment tends to be one of the most
variable components in assessment protocols.” Indeed, Whitehill (2002) substantiated this
statement relative to individuals with cleft palate. Based upon a review of 57 published
articles between 1960 and 1998, Whitehill reported that intelligibility was assessed by
various methods including global judgments (15.8%), rating scales (47.4%), articulation test
scores (8.8%), transcription tasks (14.0%), other means (5.3%), and unspecified (8.8%). In
addition, Whitehill expressed concern that the majority of studies employed interval rating
scales which research has shown to be less valid measures of speech intelligibility.
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Schiavetti (1992), for example, indicated that intelligibility is a prothetic construct that is not
reliably represented by equal-appearing interval scales. Whitehill recommended that future
studies employ both reliable and valid measures of intelligibility such as transcription,
multiple-choice, and magnitude estimation tasks.

At least one study has directly compared equal-appearing interval scales and orthographic
write-down techniques to evaluate intelligibility in children with CL/P. As part of a study to
investigate the influence of presurgical infant orthopedics on later speech intelligibility,
Konst et al. (2000) had 16 listeners orthographically transcribe and rate the spontaneous
utterances of toddlers with CL/P and controls. The rating scale consisted of equal-appearing
intervals ranging from 1 (unintelligible) to 10 (intelligible). While the investigators reported
intelligibility differences among infants with CL/P based upon the rating scale, there were
no differences based upon write-down techniques. Konst et al. questioned the validity of
equal-appearing interval scaling of intelligibility in children with cleft palate and suggested
that factors such as nasality and linguistic content may have influenced the listeners.

Recently, two studies have described speech intelligibility tests using single-word
identification procedures for speakers with cleft palate. Whitehill and Chau (2004)
investigated speech intelligibility in Cantonese speakers with repaired cleft palate using a
multiple-choice word test based upon phonetic contrasts as described by Kent et al. (1989).
Both children and adults were studied using 13 phonetic contrasts that were identified as
being problematic for speakers with cleft palate. The contrasts that most contributed to
reduced intelligibility scores were a) place of articulation for stops and nasals, b) stop versus
fricative, and c) stop versus affricate. Whitehill and Chau reported that single-word
intelligibility could be predicted with 87% accuracy using 2 contrasts, stop versus fricative
and initial consonant versus null. The investigators noted, however, that “some speakers
who had similar intelligibility scores had very different phonetic contrast error profiles,”
which may suggest different underlying causes of unintelligibility. As further noted by
Whitehill and Chau, a limitation of their study involved the relatively small number of
speakers evaluated, especially young children under 12 years of age.

Hodge and Gotzke (2007) evaluated the construct and concurrent validity of a computer-
mediated single-word intelligibility test called the Speech Intelligibility Probe for Children
with Cleft Palate (SIP-CCLP). Fifteen English-speaking children between the ages of 3
years, 5 months and 6 years, 7 months were evaluated. Only 5 of the children, however, had
repaired cleft palate. Hodge and Gotzke obtained three indexes of speech intelligibility: 1) a
global index based upon 100 consecutively transcribed utterances from spontaneous speech,
2) a single-word intelligibility score using a multiple-choice (or closed set) approach, and c)
a single-word intelligibility score using a write-down (or open set) approach. The single-
word intelligibility scores were obtained using the computer program which was designed to
facilitate elicitation and recording of target words and listener responses. The closed and
open-set tests included 115 to 124 words per child that reflected underlying phonetic
contrasts known to be problematic for children with CL/P based upon a comprehensive
review of the literature. The targeted phonetic contrasts were: manner, place, sibilants,
voicing, and consonant clusters. Hodge and Gotzke reported a high correlation between
spontaneous speech intelligibility scores and scores obtained from the open-set task (r=.88).
On average, the spontaneous speech index of intelligibility was 10 percentage points higher
than the open-set word score. This difference most likely reflected the additional linguistic
information available from connected speech. As expected, intelligibility scores from the
closed-set (multiple-choice) task were the highest. Relative to phonetic contrasts, Hodge and
Gotzke reported that for children with cleft palate, the majority of errors involved place
(49%) followed by manner (35%).
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Intelligibility tests that use single-word identification procedures as described above have
multiple advantages over other techniques. First, as indicated by Schiavetti (1992), word-
identification tasks in general are more valid measures of speech intelligibility than equal-
appearing interval scales. Second, confounding factors related to conversational speech such
as prosody and linguistic structure are largely eliminated in tests that use single-words. As
suggested by Konst et al. (2000), these factors might bias listeners when rating scales are
used. The elimination of linguistic structure may be a disadvantage, however, if one wishes
to focus on understanding a child's spoken language in interactions with others. Third, if
tests are constructed using minimal pairs based upon phonetic contrasts, then underlying
causes of speech unintelligibility may be identified and targeted during remediation. Finally,
and perhaps most important, single-word intelligibility tests that use standardized procedures
including a common corpus of words may facilitate assessment of speakers across centers.
Such tests, if found to be reliable and valid, may encourage collaborative research and/or
clinical trials to evaluate behavioral and/or surgical treatment outcomes in children with
cleft palate.

Given the advantages of single-word intelligibility tests, it is surprising that only two recent
studies have used this approach with speakers with cleft palate. Of those studies, only one
has used a computer-mediated approach, which may reduce test administration time.
Although the findings of Hodge and Gotzke (2007) appear promising, only 5 children with
cleft palate between the ages of 3 and 6 years were evaluated. The purpose of the present
study was to determine the reliability and validity of a preliminary version of a computer-
mediated, 50 word intelligibility test designed to be a global measure of severity of speech
disability in children with repaired cleft lip and palate. Unlike the SIP-CCLP, the present
test was modeled upon previous tests that use randomly selected words from a larger pool
for each speaker (Morris et al., 1995; Yorkston and Beukelman, 1980). An open-set
orthographic transcription task was used by listeners. The construction of the test, speaker
recording procedures, and listener transcription procedures are described.

Method
Participants

Speakers—Speakers consisted of 38 children ranging in age from 4 to 9 years. Twenty-
two children had repaired cleft lip and palate (CLP) without known syndromes (mean
age=87 months, SD=17). Fourteen of these children had unilateral CLP; 8 had bilateral CLP.
There were 15 girls and 7 boys. Sixteen of the children did not have CLP and served as
controls (mean age=74 months, SD=18). There were 11 girls and 5 boys. All of the children
learned English as a first language. Children in the control group were recruited to be in the
age range of interest (4 to 9 years) but they were not age matched to the children with CLP.
Because of an age difference between groups, we used age as a covariate in the statistical
analyses as described later. All children underwent hearing screening, articulation screening,
and pressure-flow assessment of velopharyngeal (VP) function as described in following
sections.

Listeners—Twenty undergraduate students participated as listeners. The listeners ranged
in age from 19 to 23 years and consisted of 12 females and 8 males. They passed the same
pure tone hearing screening described below. All listeners reported English as their primary
language and no history of speech or hearing anomalies.

All study procedures were approved by an Institutional Review Board that oversees
research. Signed informed consent was obtained from the parents of all children and from
the adult listeners. All participants were compensated monetarily.
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Hearing Screening
Hearing screening consisted of responding to pure tone frequencies of 500, 1000, 2000, and
4000 Hz presented at 25 dB HL in at least one ear. Children in the control group were
required to pass hearing screening. Some children with CLP failed hearing screening as
noted in Table 1.

Articulation Screening
The articulation of all children was screened by the first author, an experienced speech-
language pathologist, using the Preschool Screening form of the Analysis of Phonological
Processes–Revised (APP-R) (Hodson, 1986). This form samples 28 consonants and three /r/
colored vowels in 12 words. Children in the control group were required to achieve a
percent consonants correct (PCC) score of at least 80%. Using this criterion, some of the
younger children in the control group exhibited developmental articulation errors (e.g., w/r
substitutions and/or derhotacized /r/). None of the controls, however, reported receiving
articulation therapy.

Thirty-five of the children were also recorded during articulation screening to calculate PCC
scores as a measure of construct validity. Three children (2 controls and 1 child with CLP)
were screened but audio recordings were not obtained. The children were recorded using an
AKG head-mounted condenser microphone and a digital recorder (Marantz, model
PMD670, Mahwah, NJ). The first author and a graduate student researcher with phonetic
transcription training and cleft palate experience independently transcribed the recordings
using procedures described by Shriberg and Kent (2003). Substitutions, omissions, common
clinical distortions (e.g., derhotacized /r/, lateralized /s/), and audible/turbulent nasal air
emission were considered as consonant errors. We included audible/turbulent nasal air
emission as an error due to its potential impact on single-word identification. Point-by-point
transcription agreement for the target consonants between the two transcribers was 94%. All
disagreements were reviewed by both transcribers and resolved by consensus agreement.
PCC scores of the children with CLP are listed in Table 1; PCC scores of the children in the
control group are listed in Table 2.

Screening of VP Function
All children were assessed using pressure-flow procedures described by Zajac (2000). All
children in the control group were required to have adequate VP function. This was defined
as having estimated VP closure during /p/ of “hamper” of 3 mm2 or less (Zajac, 2000).
Table 1 notes the VP status of the children with CLP.

Intelligibility Test Construction
A 50-word speech intelligibility test was constructed modeled upon tests described by
Morris et al. (1995) and Yorkston and Beukelman (1980). A corpus of 510 monosyllabic
words was created and divided into 50 sets of phonetically similar words. Approximately
85% of the words were chosen from a corpus of words that are frequently used by children
aged 4 to 5 years (Hall et al., 1984). The remaining words were judged to be age appropriate
by the researchers and found to be familiar by adult listeners using the Neighborhood
Database (Washington University, St. Louis). These words were scored a six or seven on a
familiarity scale of one (low) through seven (high). All words were divided into 50 sets
based on the initial consonant or consonant cluster that represented most of the English
consonants. Each set contained between six and fourteen unique monosyllabic words (see
Appendix).

We need to note that the test was not designed to target specific phonetic contrasts involving
consonants known to be problematic to children with cleft palate. Rather, the test included
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most of the obstruent consonants which, in general, are problematic for children with cleft
palate (Peterson-Falzone et al., 2001). We excluded the voiced fricative /z/ due to the limited
number of age-appropriate words that begin with this sound. We also excluded the nasal
consonants given that children with VP dysfunction typically do not have articulation
difficulty with these sounds. Some children, however, may exhibit hyponasality on these
sounds due to structural problems such as enlarged tonsils and/or reduced nasal area which
in severe cases might reduce intelligibility. As described in later sections, the computer
program is flexible and nasal consonants can be included depending upon specific
assessment needs. Finally, some word sets were also designed to target the same consonant
or consonant cluster in a low and high vowel environment. This was done given that
nasalization has been shown to alter spectral properties of vowels which might affect
identification (Philips and Kent, 1984).

Speech Recording Procedures
Each child was recorded producing two unique 50-word tests in a sound-attenuated booth
using Speech Measures (Haley, 2008). Speech Measures is a computer software program
that was developed for quantitative assessment of speech intelligibility, acoustic speaking
rate (i.e., syllables per second), and segmental duration. The program has modules that a)
identify speakers and listeners, b) construct perceptual tests, c) elicit stimuli and record
speakers, d) review and edit recordings, and e) run perceptual tests (e.g., orthographic
transcription). Although the original target population was stroke survivors with aphasia
and/or apraxia of speech, the program is designed to be flexible for use with other
populations and to accommodate programming expansion and customization.

Elicitation procedures of Speech Measures include reading orthographically presented
words, repeating words played by prerecorded audio files, or repeating words presented by a
live speaker. We chose to use live elicitation for the present study. This was done because a)
some of the younger participants could not read, and b) we anticipated that a live speaker
would be better able to engage and maintain the attention of the younger children versus
audio recordings. All children were instructed that they were to simply repeat words spoken
by the investigator (i.e., to play a game of “copy cat”). As part of practice, the investigator
would say a word and then point to the child as a prompt to repeat the word. Once a child
demonstrated understanding of the procedures, the program randomly selected a word from
each of the 50 sets and displayed the word on the screen of a laptop computer to the
investigator. One of two investigators (the second and third authors) said the word and then
prompted the child to repeat the word. Both investigators had what can be considered a
general American dialect. Together, they reviewed all 510 words prior to the study and
agreed upon standard pronunciations. A head-mounted miniature condenser microphone
(AKG, model C-420, Northridge, CA) was used to record the words directly to the laptop
computer. To ensure high-quality audio recordings, an external audio capture device (Edirol,
model UA-25, Los Angeles, CA) was used to digitize the words at a sampling rate of 22.05
kHz with 24-bit resolution. The investigator controlled the recordings to the laptop via a
mouse. Immediately following the elicitation and recording of the first 50-word test, a
second test was randomly generated and recorded to the laptop by the same investigator.
Following the completion of both tests, the investigator used the editing functions of Speech
Measures to review all recorded words and cut inadvertent recordings of the investigator.

Perceptual Testing Procedures
Four groups of 5 different listeners orthographically transcribed the recorded words of 9 to
10 children using the perceptual testing module of Speech Measures. Each listener
transcribed a total of 900 to 1000 words (i.e., 9 to 10 children × 2 tests × 50 words). Each
group of children included four controls and five to six children with CLP. We attempted to
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create groups of children who had fairly consistent ranges of PCC scores. This was done to
limit the influence of variability on the strength of correlations within groups and is
discussed later. We used multiple groups of children and listeners to a) limit the total
transcription time of listeners to a reasonable period, and b) reduce the possibility of
learning effects by the listeners. The order of presentation of the 50-word tests was
conditionally randomized for each listener so that tests from the same child did not occur
consecutively. All listeners heard a single presentation of the words in a sound-attenuated
booth via headphones. If a listener was unable to understand a word and had no idea as to
what the intended word was, he/she was instructed to type the word “nothing” into the
computer. A typical transcription session lasted approximately 90 minutes. Listeners took
short breaks following the completion of every 5 tests (i.e., 250 words). Three listeners from
group 1 repeated the transcription of the same children approximately 3 weeks later.

Following transcription by each listener, the investigator used Speech Measures to manually
check for homophones in the transcribed error responses (e.g., “bee” transcribed as “be”). A
percent intelligibility score based upon the total number of correct responses was then
automatically calculated by the program. These procedures resulted in each child receiving
mean intelligibility scores for the 2 tests based upon the transcribed responses from 5
different listeners.

Reliability Analyses
The reliability of the intelligibility testing procedures was evaluated in the following ways.
First, parallel (or alternate) forms reliability was estimated for the 2 tests based upon both
mean scores from 5 listeners per child and scores from individual listeners. Pearson Product
Moment Correlation coefficients and the differences between tests were computed. Second,
inter-listener reliability of the intelligibility scores was estimated by calculating intraclass
correlation coefficients for each group of listeners. Finally, intra-listener reliability was
estimated by computing Pearson Product Moment Correlation coefficients for the 3 listeners
who repeated the same intelligibility tests 3 weeks following the initial procedures. We need
to note that we selected only 3 listeners to repeat the intelligibility tests given that all
listeners judged two parallel tests by each speaker. Thus, the estimates of parallel form
reliability also included intra-listener reliability to some extent.

Validity Analyses
Construct validity of the 50-word test was determined by 1) comparing the mean
intelligibility scores between the children with CLP and controls, and 2) establishing the
relationship between the mean intelligibility scores and PCC. Relative to the former,
because age differences existed between the groups, we used an analysis of covariance
(ANCOVA) with age as a covariate. Relative to the latter, we computed a Person Product
Moment Correlation coefficient between the mean intelligibility and PCC scores for the 35
children who were audio recorded during articulation screening.

Results
Child Groups Relative to PCC

As noted previously, we attempted to create groups of children who had fairly consistent
ranges of PCC scores. One child with CLP, however, had an extremely low PCC score
compared to all other children, which made balancing groups problematic. Table 3 presents
the means, standard deviations, low, and high PCC scores for the 4 groups of children. The
table includes only the 35 children whose PCC scores were calculated from audio
recordings. A one-way analysis of variance indicated that there was equal variance and no
significant group differences for mean PCC scores (F[1,3]=0.29, p=0.889). Because the PCC
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scores were not distributed normally, we also conducted a Kruskal-Wallis one-way analysis
of variance on ranks. This analysis also indicated no significant group differences
(H[1,3]=0.0868, p=0.993). Although these tests suggest that the groups were relatively
balanced, the increased range of PCC scores for children in group 2 may have influenced the
strength of some correlations as noted below.

Parallel Forms Reliability
Tables 4–7 list the children by groups, mean intelligibility scores for the 2 tests based upon
all 5 listeners, and the absolute difference in mean intelligibility scores between the 2 tests.
Across all children, the correlation coefficient between the mean scores of the 2 tests was r=.
97 (p<.001). The mean difference between the tests was 1 percentage point (test 1
mean=75% [SD=16], test 2 mean=74% [SD=18]). Differences between scores of the 2 tests
for individual children ranged from a low of 0 to a high of 18 percentage points. The single
high difference of 18 percentage points for subject CLP8 (Table 7, group 4) appears to be an
outlier and is discussed in following sections. Overall, 37 of 38 children (97%) had test
score differences of 11 percentage points or less and 32 children (84%) had test score
differences of 5 percentage points or less.

Tables 4–7 also list the intelligibility scores from the 5 individual listeners for each child for
both tests. For the 10 children in group 1, the correlation coefficients between tests 1 and 2
ranged from .85 to .96 across the five listeners. The mean differences in scores between tests
1 and 2 for each listener (L) were as follows: L1 was 2 percentage points (range from 0 to
16), L2 was 5 percentage points (range from 0 to 16), L3 was 2 percentage points (range
from 0 to 6), L4 was 1 percentage point (range from 0 to 12), and L5 was 2 percentage
points (range from 0 to 20) [see Table 4].

For the 10 children in group 2, the correlation coefficients between tests 1 and 2 ranged
from .94 to .99 across the five listeners. The mean differences in scores between tests 1 and
2 for each listener were as follows: L6 was 4 percentage points (range from 0 to 12), L7 was
1 percentage point (range from 0 to 16), L8 was 3 percentage points (range from 0 to 6), L9
was 4 percentage points (range from 0 to 10), and L10 was 2 percentage points (range from
0 to 16) [see Table 5].

For the 9 children in group 3, the correlation coefficients between tests 1 and 2 ranged from .
78 to .92 across the five listeners. The mean differences in scores between tests 1 and 2 for
each listener were as follows: L11 was 2 percentage points (range from 1 to 12), L12 was 1
percentage point (range from 0 to 10), L13 was 1 percentage point (range from 0 to 11), L14
was 1 percentage point (range from 0 to 11), and L15 was 2 percentage points (range from 4
to 10) [see Table 6].

For the 9 children in group 4, the correlation coefficients between tests 1 and 2 ranged from .
82 to .94 across the five listeners. The mean differences in scores between tests 1 and 2 for
each listener were as follows: L16 was 1 percentage point (range from 0 to 13), L17 was 2
percentage points (range from 0 to 16), L18 was 4 percentage points (range from 0 to 18),
L19 was 1 percentage point (range from 0 to 18), and L20 was 1 percentage point (range
from 0 to 24) [see Table 7]. The relatively large range of differences between tests for
listeners in group 4 appears to be influenced by subject CLP8 and is discussed in a following
section.

As noted previously, the increased range of PCC scores of children in group 2 may have
influenced the strength of correlations for this group. Overall, the children in group 2 had the
highest range of correlations across the 5 listeners. Even so, the differences in scores
between tests 1 and 2 for the listeners of group 2 appeared to be similar to the listeners in the
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other groups. For example, the mean difference between tests for listeners in group 2 was
2.8 percentage points while it was 2.4 percentage points for listeners in group 1.

Inter-Listener Reliability
Intraclass correlation coefficients (ICCs) were calculated to estimate inter-listener reliability
for each group of 5 listeners as a function of tests 1 and 2. For listeners in group 1, ICCs
were .97 for test 1 and .98 for test 2. For listeners in group, 2, ICCs were .99 for test 1 and .
99 for test 2. For listeners in group 3, ICCs were .96 for test 1 and .94 for test 2. For listeners
in group 4, ICCs were .98 for test 1 and .98 for test 2.

Intra-Listener Reliability
Pearson correlation coefficients for L2, L3, and L4 of group 1 who repeated orthographic
transcription of 10 children (20 intelligibility tests) were .95, .94, and .92 (p<.001),
respectively. The mean differences between the repeated intelligibility scores were as
follows: 5 percentage points for L2 (range from 0 to 18), 2 percentage points for L3 (range
from 0 to 16), and 2 percentage points for L4 (range from 0 to 12). Across the three
listeners, the majority of tests (55 of 60) differed by 10 percentage points or less.

Construct Validity
Construct validity of the 50-word intelligibility test was determined by comparing children
with CLP to the controls. For this analysis, we used the mean of the 2 tests for each child.
The mean intelligibility score for the control children was 81% (SD=13, range from 59 to
95%); mean intelligibility for the children with CLP was 70% (SD=18, range from 15 to
90%). Because the children with CLP were a year older on average than the controls, we
analyzed the groups using age as a covariate. The ANCOVA revealed a significant
difference between groups with an adjusted mean of 85% for the controls and 67% for the
children with CLP (F[1, 35]=14.249, p<.01).

Construct validity was also estimated by determining the relationship between the mean
intelligibility scores and PCC for the 35 children who were audio recorded during
articulation screening. There was a moderately high correlation between the measures for all
35 children (r=.79, p<.001). A similar correlation was obtained for the 21 children with CLP
who were audio recorded (r=.78, p<.001).

VP Function and Intelligibility Scores
Fifteen of the 22 children with CLP had adequate VP closure as determined by pressure-
flow testing. As an additional analysis, we compared the children with CLP who had
adequate VP closure to those who did not. Mean speech intelligibility for the children with
adequate VP closure was 71% (SD=14) and for the children with incomplete VP closure it
was 66% (SD=27). This difference was not significant (t[20]=0.578, p>.05).

Number of Listeners and Intelligibility Scores
We also performed an analysis to determine if similar intelligibility scores would be
obtained using a reduced number of listeners. We recalculated the speech intelligibility
scores for the children in group 2 using all 10 possible combinations of 3 listeners. We
selected group 2 because it contained 10 children and included the child (CLP7) with an
extremely low PCC score. Table 8 presents the means and standard deviations of the
intelligibility scores for the group based upon all 5 listeners and the 10 combinations of 3
listeners. A one-way analysis of variance indicated that there were no significant differences
among any of the mean scores (F[1,10]=0.009, p=1.0).
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Discussion
The purpose of this study was to determine the reliability and validity of a preliminary
version of a computer mediated, single-word speech intelligibility test administered to
children with cleft lip and palate (CLP). The test was designed to provide a global measure
of speech disability by sampling most of the English consonants. Although intelligibility
may be considered the most important measure of a speech disorder and/or management
outcome, there has been relatively few studies reporting data obtained using word
identification approaches with children with CLP that use standardized procedures with
known reliability and validity.

The results of this study suggest that the 50-word speech intelligibility test is reliable.
Reliability of parallel forms of the test was high (r=.97) when intelligibility scores were
derived from group responses of listeners. All but one of the children (37 of 38) received
mean intelligibility scores based upon 5 listeners that differed by 11 percentage points or
less on parallel forms. One child with CLP (subject CLP8) exhibited a mean difference
between tests of 18 percentage points. Review of her recorded test words indicated that she
tended to over emphasize and prolong each phoneme of words during test 1 but not during
test 2. This child was currently receiving speech therapy. Although children were instructed
to say the words normally, we believe that she started test 1 by using strategies learned in
therapy which improved intelligibility but did not continue using these strategies during test
2. This child highlights the “relative” nature of speech intelligibility as noted by Kent et al.
(1989). That is, even within a brief period of time, speaker characteristics may change,
which ultimately affects intelligibility.

Reliability of parallel forms of the test was moderate to high (r=.78 to .99) when
intelligibility scores were derived from individual listeners. Excluding listeners in group 4
who transcribed subject CLP8, the largest difference in test scores for any one listener was
20 percentage points (L5 in group 1). Across the 15 listeners in groups 1–3, the majority of
test scores (130 of 145) differed by 11 percentage points or less. These findings are similar
to results reported by Morris et al. (1995) for a 50-word intelligibility test that targeted
children without cleft palate. In that study, the largest difference between parallel forms of
the test was 16 percentage points for one listener and 14 percentage points for a second
listener.

Construct validity of the 50-word speech intelligibility test was demonstrated by poorer
scores for children with CLP than controls and a moderately high correlation with
articulation ability as reflected by PCC scores (r=.79). Adjusting for age, children with CLP
scored approximately 20 percentage points lower than controls. This occurred even though
the majority of children with CLP exhibited adequate velopharyngeal (VP) closure as
discussed in a following section.

There have been few studies of English-speaking children with cleft palate that have used
computer-mediated assessment of single-word intelligibility. Hodge and Gotzke (2007)
reported a mean single-word intelligibility score of 54.6% for five children with cleft palate
and a mean of 79.1% for 10 children without cleft palate using an open-set transcription
task. While comparison to the present study is problematic due to differences in test design,
procedures, and number of subjects, the mean intelligibility scores are roughly similar in that
our adjusted mean for children with CLP was 67% and the adjusted mean for controls was
85%.

Previous studies have also reported that VP function is related to intelligibility. In the
present study, 15 of the 22 children with CLP had adequate VP closure as determined by
pressure-flow testing. Mean speech intelligibility for the children with adequate VP closure
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(71%) was not significantly different from the children with incomplete VP closure (66%).
We must note, however, that there were few children with incomplete VP closure and we
used a VP area cutoff criterion (3 mm2) that was based solely on normative data for
children, not perceptual symptoms. Regardless, these findings suggest that the current test
was sensitive to speech characteristics other than obligatory symptoms associated with VP
dysfunction. Given that all of the children with cleft palate also had cleft lip and alveolus,
we believe that structural defects of the primary palate such as maxillary collapse, anterior
dental crowding, missing teeth, malocclusion, and/or dental cross bite may have affected
intelligibility. Additional research using single-word tests designed specifically to target
alveolar-palatal phonetic contrasts is needed to investigate this possibility.

As stated by Whitehill (2002), “there remains a need for global measures of speech
performance such as speech intelligibility.” We believe that the use of single-word speech
intelligibility measures have the potential to fill this need. Intelligibility tests that use
standardized elicitation and recording procedures along with a common corpus of words
might greatly facilitate outcome comparisons across centers, at least when a common
language is involved. The use of single words and computer-assisted recording and
perceptual testing procedures can also reduce the “time consuming” nature of write-down
procedures. A single speaker, for example, can be recorded saying 50 words in less than 10
minutes. Likewise, a single listener can transcribe 50 words in a similar amount of time.
Obviously, the use of multiple listeners will necessitate greater testing time. Based upon the
additional results reported, it appears that as few as 3 listeners may provide reliable
estimates of intelligibility. Indeed, Morris et al. (1995) suggested that a single clinician
could make reliable estimates of intelligibility, even of the same speaker over time, using
randomly generated tests of 50 words. We need to note, however, that the test described by
Morris et al. used a larger corpus of words (600), an equal number of words per set (12), and
closed set responses. Ultimately, the use of automatic speech recognition systems (e.g.,
Schuster et al., 2006) may eliminate the need for human listeners entirely.

Limitations and Future Test Development
The current version of our 50-word intelligibility test used fewer total words than similar
tests described in previous studies. This occurred because we attempted to select words that
were either in the vocabulary of and/or familiar to younger children. Given that the
reliability of parallel forms depends upon random selection of items from a larger pool,
reliability might be reduced for some generated tests when sets contain an unequal number
of words. This possibility, however, can be reduced by increasing the number of total words
in the test and having equal numbers per word set.

Because we used two different investigators to elicit words from the children, modeling
inconsistencies may have occurred, which might also reduce reliability. Although both
investigators “calibrated” their production of the words prior to the study, we cannot rule out
that some inadvertent inconsistencies occurred. Speech Measures includes the option of
using prerecorded audio files and/or pictures for elicitation. Use of these options in future
tests would further standardize the elicitation procedures. Hodge and Gotzke (2007), for
example, reported using picture stimuli in combination with live modeling during elicitation
procedures for the SIP-CCLP.

We also used a limited number of listeners to repeat the entire perceptual testing procedures
to estimate intra-listener reliability. Although intra-listening reliability was high, a larger
number of listeners should be employed to evaluate future versions of tests.
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Finally, the current study did not include measures of concurrent validity such as
determining intelligibility during spontaneous speech. Future tests will need to show such
validity measures along with test sensitivity and specificity characteristics.

Summary
We describe a preliminary version of a single-word speech intelligibility test that may
facilitate evaluation of children with repaired cleft lip and palate. The test is computer-based
which facilitates both recording of children and orthographic transcription by listeners. The
test was shown to have adequate parallel forms, inter-listener, and intra-listener reliabilities.
The test was also shown to have construct validity. We believe that further refinement and
adoption of such tests by clinicians and researchers will lead to more standardized speech
intelligibility testing in children with cleft lip and palate, which may ultimately facilitate our
understanding of speech disorders and/or treatment options in this population. Finally,
because of the flexibility of the computer program, tests can be created and/or easily
modified for use with other populations such as children without cleft palate who exhibit
speech disorders.
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Table 2

Age, gender (M=male, F=female), and percent consonants correct (PCC) of the children without cleft lip and
palate in the control (C) group.

Subject Age (mos.) Gender PCC

C1 49 F 90

C2 50 M 81

C3 59 F ≥80*

C4 61 M 97

C5 63 F 100

C6 64 M 100

C7 65 F 87

C8 73 M 100

C9 74 F 100

C10 76 F ≥80*

C11 77 F 100

C12 80 F 100

C13 86 M 100

C14 93 F 100

C15 96 F 97

C16 115 F 100

*
not audio recorded – PCC determined during screening
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Table 3

Means, standard deviations (SD), and range (low and high) of percent consonants correct (PCC) scores of
children in the four listening groups.

PCC Scores (%)

Group Mean SD Low High

1 (n=9) 92 8 74 100

2 (n=10) 87 21 32 100

3 (n=8) 90 12 71 100

4 (n=8) 90 10 77 100
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Table 8

Means and standard deviations (SD) of intelligibility scores for subjects in group 2 based upon 5 listeners and
10 combinations of 3 listeners.

Intelligibility Scores (%)

Listeners Mean SD

All 5 68 24

1_2_3 68 25

1_2_4 69 24

1_2_5 68 24

1_3_4 68 23

1_3_5 67 23

2_ 3_4 70 24

2_4_5 69 23

3_4_5 68 22

4_5_1 68 22

5_2_3 68 24
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