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Abstract

Background—Evidence of auditory-guided speech development can be heard as the
prelinguistic vocalizations of young cochlear implant recipients become increasingly complex,
phonetically diverse, and speech-like. In research settings, these changes are most often
documented by collecting and analyzing speech samples. Sampling, however, may be too time-
consuming and impractical for widespread use in clinical settings. The Conditioned Assessment of
Speech Production (CASP; Ertmer & Stoel-Gammon, 2008) is an easily administered and time-
efficient alternative to speech sample analysis. The current investigation examined the concurrent
validity of the CASP and data obtained from speech samples recorded at the same intervals.

Methods—Nineteen deaf children who received Cls before their third birthdays participated in
the study. Speech samples and CASP scores were gathered at 6, 12, 18, and 24 months post-
activation. Correlation analyses were conducted to assess the concurrent validity of CASP scores
and data from samples.

Results—CASP scores showed strong concurrent validity with scores from speech samples
gathered across all recording sessions (6 — 24 months).

Conclusions—The CASP was found to be a valid, reliable, and time-efficient tool for assessing
progress in vocal development during young CI recipient’s first 2 years of device experience.
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Prelinguistic vocal development is a process by which infants and toddlers produce
increasingly complex, phonetically diverse, and speech-like vocalizations before they say
words on a regular basis (See Ertmer & Nathani lyer, 2010; Oller, 2000; and Vihman, 1996
for reviews). During the 1970’s and 1980’s, several research groups identified and classified
the prelinguistic vocal sounds that infants and toddlers typically produce during the first 2
years of life. The findings of these studies were remarkably similar in terms of the types of
vocalizations identified, the ages at which various types of vocalizations emerged, and the
number of developmental levels observed (Koopmans-van Beinum & van der Stelt, 1986;
Oller, 1980; Roug, Landberg, & Lundberg, 1989; Stark, 1980; Zlatin, 1975; see Ertmer &
Nathani lyer, 2010; Oller, 2000; and Vihman, 1996 for reviews). Taken together, these
studies characterized typical vocal development as a process consisting of overlapping levels
of speech production ability in which the frequency of non-speech-like vocalizations (e.g.,
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squeals, grunts, and isolated vowel-like vocalizations) decreases as more speech-like
vocalizations (e.g., CV syllables, canonical babbling, and CVC syllables) become
increasingly common.

Prior to the introduction of newborn hearing screening (NHS) and the advent of multi-
channel cochlear implants (CI), deaf infants and toddlers exhibited critical deficits in vocal
development (e.g., Kent, Osberger, Netsell, & Hustedde, 1987; Oller & Eilers, 1988). More
recently, the widespread adoption of NHS and the provision of Cls early in life, have
resulted in substantial advancements in vocal development for many, although not all,
children who receive their devices by 3 years of age (Ertmer, Young, & Nathani, 2007;
MccCaffrey, Davis, MacNeilage, & von Hapsburg, 1999; Moore & Bass-Ringdahl, 2002;
Schauwers, Gillis, Daemers, De Beuklaer, & Govaerts, 2004). These advancements are
among the first observable indications of sensory aid benefit and provide evidence of
auditory-guided speech development (See Ertmer & Nathani lyer, 2010, for review). As
such they can offer important information for monitoring benefit from sensory aids (Cls or
hearing aids) and early progress in the acquisition of spoken language.

Recent research has shown that children who have secondary disabilities in addition to
hearing loss may make limited advancements in vocal development after receiving Cls
(Ertmer et al., 2007). For such children, identification of delayed vocal development--in
conjunction with the results of other assessments of communicative, behavioral, and
audiological status-- can lead to timely adjustments in interventions such as Cl remapping,
increasing the amount of intervention, and changes in children’s modes of communication,
among others. Monitoring progress in vocal development can also be useful in identifying
young children who have no secondary disabilities but, none the less, show slow progress
and may require adjustments to hearing devices or intervention programs. Thus, children’s
vocal behaviors provide important information for intervention planning during a critical
developmental period.

Classification of Children’s Vocal Productions

Several researchers have constructed systems for classifying infant and toddler vocalizations
into developmental levels (see Oller, 2000 and Vihman, 1996 for reviews). A classification
system based on the work of Rachel E. Stark (e.g., Nathani, Ertmer, & Stark, 2006; Stark,
1980) was selected for the current study because it has been shown to be a reliable measure
of vocal development in both typically developing (TD) children (Nathani et al., 2006) and
young CI recipients (Ertmer & Jung, 2011; Ertmer & Mellon, 2001; Ertmer et al., 2007).
Table 1 contains the five levels of The Stark Assessment of Early VVocal Development-
Revised (SAEVD-R) and examples of vocalization types identified with this tool.

The validity of the SAEVD-R was demonstrated in a cross-sectional study of 30 typically
developing children ages 1 — 20 months (Nathani et al., 2006). The children were divided
into five age-groups and child utterances (i.e., a speech-like vocalization or group of
vocalizations separated from all others by either audible ingressive breaths or by judges’
intuitions about utterance boundaries often indicated by a silence of one second or longer;
Lynch, Oller, Steffens, & Buder, 1995) from audio-recorded samples were classified into the
five categories of the SAEVD-R according to the highest level associated with component
vocalizations. For example, if a child produced two isolated vowels (e.g., /i/ /i/) and a
canonical syllable (e.g., [ba]) within the same utterance, the entire utterance would be
classified at SAEVD-R level 4; Basic Canonical Syllables. Results showed that that infants
up to 8 months old primarily produced vocalizations from levels 1 (Reflexive), 2 (Control of
Phonation), and 3 (Expansion) of the SAEVD-R. Infants from 9 — 20 months also produced
a sizable amount of vocalizations from level 4 (Basic Canonical Syllables). Only infants
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from the 16 — 20 months age-group produced vocalizations from level 5 (Advanced Forms)
in significant quantities. The validity of the SAEVD-R was shown through the detection of
age-related changes in child vocalizations. A comprehensive description of the five levels of
the SAEVD-R and operational definitions for the 23 kinds of vocalizations represented in
this system are available in Nathani et al. (2006).

The SAEVD-R has also been used to examine speech samples from young deaf children
after cochlear implantation (Ertmer, Young, & Nathani, 2007). In a longitudinal study of the
sequence and time-course of vocal development in seven children implanted between 10 and
36 months, the authors found that six of the seven participants made advances to higher
SAEVD-R levels after implantation, that all but the child implanted at the youngest age (10
months) followed the sequence predicted by the SAEVD-R, and that the Basic Canonical
Syllables and the Advanced Forms level were often established with fewer months of robust
hearing experience (i.e., auditory access to speech at conversational intensity levels) than
reported in the literature for children who are typically developing.

Our recent research with young CI recipients streamlined the SAEVD-R from a five-level
system into a three-level system to make it even more reliable and easier to use in research
and clinical settings (Ertmer & Jung, 2011). The Consolidated SAEVD-R combines the
vocalization types from SAEVD-R levels 1 — 3 into a single “Precanonical” (PC) level (see
Table 1). The merging of SAEVD-R levels 1 — 3 was possible because vocalization types
from each of these levels are relatively immature and are routinely observed in TD children
and those with severe-profound hearing loss who use hearing aids (Ertmer & Mellon, 2001;
lyer & Oller, 2008; Oller, Eilers, Bull, & Carney, 1985; Stoel-Gammon & Otomo, 1986).
Because both hearing and deaf children produce similar vocalization patterns at the initial
phases of vocal development, separating the first three levels of the SAEVD-R provides
little information about the effects of Cl-aided hearing. However, vocalizations from the
fourth and fifth levels are later-emerging, and progressively more speech-like than those of
levels 1 — 3. Thus, vocalizations from SAEVD-R level 4, “Basic Canonical Syllables”
(BCS), and level 5, “Advanced Forms” (AF) are classified separately in the Consolidated
SAEVD-R system (Table 1). Audio examples of some of the vocalization types found in
Table 1 can be accessed at www.vocaldevelopment.com.

The Consolidated SAEVD-R was recently used in a longitudinal study of vocal development
during the first year of Cl use. Ertmer and Jung (2011) examined the sequence and time
course of vocal development in13 children who received Cls between 8 and 35 months and
compared the percentages of PC, BCS, and AF utterances produced during speech samples
with those of 11 TD children. Data were collected and analyzed at 3 month intervals
beginning after 3 months of device experience in the CI group and after 6 months of age in
the TD children. The investigation revealed that, on average, the CI group established the
Basic Canonical Syllables level and the Advanced Forms level (i.e., criterion = 20% of the
sample) with fewer months of robust hearing experience than the TD group. The findings
also indicated that PC vocalizations decreased from 70% at 3 months post-activation to 40%
after one year of Cl use, indicating that more mature and speech-like utterances had become
the majority of the sample by one year. Further, the BCS level emerged and became
established before the AF level, although data for two participants indicated that both levels
were established within the same 3-month interval. In sum, the CI group made more rapid
advancements than younger children in the TD group and the majority of young CI
recipients followed the sequence predicted by the Consolidated SAEVD-R. The rapid
progress of young ClI recipients was hypothesized to be due to their relatively greater
maturity in speech-motor, social, and cognitive development than younger children who
were typically developing.
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Two Methods of Assessing Vocal Development

1. Speech sampling

Up to this point, the cited research has relied on the most naturalistic method for monitoring
changes in young children’s speech following cochlear implantation: speech sampling. To
use this approach with the Consolidated SAEVD-R, researchers and early interventionists
video- and audio-record children during 20 — 30 minute play-sessions with familiar adults,
and then classify protophones (i.e., vocalizations that become more speech-like with age;
Oller, 2000) into the Precanonical, Basic Canonical Syllables, or Advanced Forms levels.
Reflexive vocalizations such as sneezes burps, crying, and laughter are not analyzed because
they do not become more speech-like with age. A sample of 50 utterances is gathered and
the PC, BCS and AF levels are considered established when they account for = 20% of the
child’s utterances during a sample.

Recent research has shown that speech samples can reveal specific indicators of auditory-
guided vocal development (see Ertmer & Nathani lyer, 2010 for review). These include (1)
increased vowel and diphthong diversity soon after receiving a Cl, (2) increased production
of canonical syllables (i.e., CV combinations with rapid transitions like those found at the
BCS level) and the eventual dominance of adult-like syllables in children’s samples, (3)
increased production of complex syllable shapes (e.g., CVC syllables and those found at the
AF level), and (4) increased diversity of consonant types, especially those with less-visible
places of articulation such as /d/, In/, /l/, /k/, and /g/, and later-emerging manners of
production, such as fricatives and affricates (i.e., /f/, v/, Isl, Izl, I§], I3/, Id 3/, and /t§/). These
indicators can help early interventionists identify progress during everyday situation, as well
as during formal speech sample analysis.

However, early interventionists may encounter difficulty in classifying prelinguistic
utterances from samples for several reasons. For example, it may be difficult to identify
individual utterances reliably. In research studies, individual utterances are identified when
they are separated from other utterances by either audible ingressive breaths or pauses of 1
second or longer (Ertmer & Nathani lyer, 2010; Lynch, Oller, Steffens, & Buder, 1995; and
Stark, 1980). Making this decision commonly requires a review of audio-recordings and,
sometimes, visual inspection of computer-displayed waveforms and spectrograms. The latter
tools are not commonly available in intervention settings. Further, early interventionists
might find vocalizations difficult to conceptualize due to a mismatch between their own
mature phonological systems and children’s incompletely developed systems. That is, infant
and toddler utterances often differ from mature speech patterns in timing (e.g., slow
transitions between consonants and vowels), and some types of vocalizations may not
resemble adult-like phonemes (e.g., slowly changing vowel glides). Utterances that lack
adult-like timing and well-produced phonemes and transitions can be difficult to classify
without special training and practice. Further discussions of sample analysis procedures and
classification challenges can be found in Ertmer (2005), Nathani and Oller (2001), and
Ertmer and Nathani lyer (2010).

In summary, although speech sampling is an ecologically valid approach to examining vocal
development and has demonstrated usefulness in identifying progress in auditory-guided
speech development, it may be impractical for routine clinical use due to the need for special
training and additional equipment and software, as well as the substantial time investment
for collecting and analyzing samples.

2. The Conditioned Assessment of Speech Production (CASP)

Recognizing that speech sampling can be problematic and time-consuming for early
interventionists, Ertmer and Stoel-Gammon (2008) developed an alternative procedure for
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assessing vocal development in children with hearing loss. The Conditioned Assessment of
Speech Production (CASP) is an elicited imitation task in which familiar adults provide
spoken models of 10 utterances from the three levels of the Consolidated SAEVD-R and ask
young children to imitate them. Because increased vowel diversity is an early indicator of
auditory-guided speech development, three different vowel types serve as stimuli at the
Precanonical level of the CASP (Ertmer, 2001): a single central vowel (/A/), two high-front
vowels (/i/ /i/), and three low-front vowels (/&/ /&/ /&/). These items require the ability to
reproduce three different vowel types and to match the number of vowels that are modeled.

Five individually produced CV syllables comprise the second part of the CASP: three CV
syllables with highly visible consonants (i.e., [ba], [ma], and [wa]) and two CV syllables
containing consonants that have minimal speechreading cues (i.e., [ka] and [sa]) serve as
stimuli from the Basic Canonical Syllable level. The former items contain consonants that
typically emerge early in life and may be imitated correctly soon after Cl activation.
Speechreading cues are also apparent as these bilabial sounds are presented. Imitation of
[ka] and [sa] is likely to be observed after a longer period of sensory aid use as these
consonants emerge relatively later in typically developing children (Smit, Hand, Freilinger,
Bernthal, & Bird, 1990; Shriberg, Gruber, & Kwiatkowski, 1994). Models of these targets
provide very limited speechreading information.

Finally, two stimulus items represent the Advanced Forms level on the CASP: a C +
diphthong syllable [nal], and a CVC syllable [tak]. These items are used to assess the ability
to produce the rapid vowel-to-vowel formant transitions associated with diphthongs and the
ability to produce closed syllables. Both types of abilities emerge relatively late in typically
developing toddlers (Nathani et al., 2006) and young CI recipients (Ertmer et al., 2007).
Speechreading cues for these syllables are minimal so that successful imitation relies mainly
on auditory perception.

CASP items are presented in the following way. After the introduction of two practice items,
an early interventionist models the first stimulus item (i.e. /9/), for a parent or another adult
with whom the child is familiar. A second adult imitates the stimulus item. A reward (a
plastic star from a Playskool Classical Stacker ring-post toy) is given to the adult as the child
listens and watches. The second adult then turns to the child, models the same item and then
passes the star to the child after an imitative attempt has been made. The child places the star
on the post and watches as the post lights up and music is played for a short time. This
game-like elicitation activity is repeated a second time for the same item if the child’s
response, as transcribed by the early interventionist, is not a fully acceptable match. The
same process is repeated for the remaining items although modeling can be discontinued if
Basic Canonical Syllable have not been observed (See Appendix A). The child’s best
response is scored according to a graduated scale in which 0 points are assigned for not
responding or for a vocalization that is not a close approximation of the model; 1 point is
given for a partially acceptable imitation, and 2 points for a fully acceptable match.
Complete instructions can be found in Appendix A and a score sheet can be found in
Appendix B. A video-recorded demonstration of CASP procedures is available at http://
nc.agbell.org/NetCommunity/Page.aspx?pid=533.

The CASP was field-tested with children with hearing losses who were between 12 and 47
months-old and attended an oral intervention program (Ertmer & Stoel-Gammon, 2008).
The 13 participants had severe-to-profound hearing losses and used either Cls or hearing
aids. The CASP was given to each child twice; the mean age at the first administration was
33.5 months and 43.5 at the second. Data analysis showed significantly higher scores for the
second administration (mean gain = 11 points). In addition, CASP scores were found to be
positively correlated with children’s ages and amount of sensory aid experience, but not
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with aided hearing levels. Field testing data also revealed that children as young as 12
months participated in the CASP. CASP scores approached ceiling level (20 points) for most
children who were 40 months of age or older. Although these findings supported the use of
the CASP for documenting changes in vocal development, the relationship between CASP
scores and children’s sampled levels of vocal development was not examined.

Purpose of Investigation

Methods

Participants

The main purpose of the current investigation was to determine how closely CASP scores
were associated with children’s sampled level of vocal development at the same point in
time (concurrent validity). To address this issue, young CI recipients provided speech
samples and completed the CASP at four intervals: 6-, 12-, 18-, and 24-months after ClI
activation. The concurrent validity of the CASP was assessed by examining correlations
between CASP scores, expressed as the percentage of total points earned, and the percentage
of speech-like utterances (i.e., those judged to contain Basic Canonical Syllables or
Advanced Form vocalizations) observed across the four data collection intervals. If the two
sets of scores are found to be highly correlated across the first 2 years of Cl use, then the
CASP would be shown to be an effective and time-efficient tool for monitoring vocal
development in young CI recipients.

A total of 19 children with Cls (eight boys and 11 girls) participated in the current study. All
of the children had bilateral, severe to profound hearing losses. The mean age at activation
was 21.47 months (SD = 8.02) and all were implanted before their third birthdays (range =
8-35 months). Each child was enrolled in an auditory-oral program and came from English-
speaking homes. Sixteen children were reported as having typical development except for
hearing loss. Two boys and one girl were identified as having secondary disabilities after
being enrolled in the study. One child (M-27) had behavioral concerns associated with
Autism Spectrum Disorder and two others had problems associated with speech motor
control; M-31 was suspected by his early interventionist of having developmental speech
motor difficulties, and F-27 was diagnosed with hypotonia. Ten of the children wore
bilateral Cls; three children (M-13, F-21, and F-27a) received bilateral Cls simultaneously,
and seven added another CI during the course of the study. Four children (M-16, F-21,
M-27, and F-18a) discontinued participation because of moving away from their programs,
being mainstreamed, or enrolling in a total communication program. Speech samples and
CASP scores were missing for single intervals for four children (F-13a, F-19, M-31, and
F-36) because of illness, a second implant surgery, misadministration of the CASP, or lost
DVD recordings. Demographic information can be seen in Table 2.

The Nittrouer Index of Social Position (NISP; Nittrouer & Burton, 2005)--an interview that
yields an estimate of societal standing based on parental educational levels and occupations,
rather than family income--was conducted with parents of the participants. The NISP
procedure was modified slightly to accommodate single-parent families following
procedures used by Nittrouer (personal communication, February, 2008). Across all
participants, the mean NISP score was 38.5. (S0 = 18.77) and scores ranged from 12-72
points. Regarding race and ethnicity, 16 children were Caucasian, two were Black, and one
was of mixed races. Three children were of Hispanic ethnicity.
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Data Collection

The CASP

Spontaneous speech samples—Speech samples from parent-child interactions were
recorded at 6, 12, 18, and 24 months post activation. A standardized set of toys was
provided including cars, dolls, animals, blocks, a drawing board, books, and puzzles. Video-
and audio-recording were made by using Sony mini-DVD camcorders (model number DCR-
DVDA405) coupled with Bluetooth wireless microphones (Sony ECM-HW1). A wireless
microphone was placed in the pocket on a specially designed vest approximately 4” from the
child’s mouth. A total of 61 sessions were recorded. For most of these, parents interacted
with their children (~70%). When a parent could not attend, another early interventionist or
a day care provider interacted with the child (28% and 1.42%, respectively). In all cases,
samples were collected with an adult who was familiar to the child.

The CASP was administered during the same sessions (i.e., at 6, 12, 18, and 24 months post-
activation) or within 1 week if the child was not available for extended data collection
session that particular day (4.9% of sessions). The children’s early interventionists and
parents provided models for the CASP in 68% of the sessions. When parents were not
available, another familiar early interventionist assumed the parents’ role. If a child was
uncooperative for any reason, the CASP was rescheduled as soon as possible. The CASP
was administered in a quiet room at the child’s school or in the home. The CASP was video-
and audio-recorded using the equipment described above and was completed in
approximately 10 minutes or less for most children (See appendices A and B).

Data Analysis

Reliability

A total of 61 video-recorded speech samples were processed and analyzed by six graduate
research assistants who had coursework in phonetics and training in identifying
vocalizations with the SAEVD-R. Fifty consecutive utterances of sufficient quality for
auditory perceptual analysis from each sample were converted into wave files (.wav) from
DVDs by two parsers. Only two sessions yielded less than 50 utterances (M-9 at 6 months (n
= 14), and M-16 at 12 months (/7= 46). All child utterances were then classified as PC, BCS,
or AF by four coders who heard the samples in random order and were blinded to the
interval at which the samples were collected. For each sample, percent scores were
calculated for the PC, BCS and AF levels. The percentages of utterances from the BCS and
AF levels were combined to represent children’s ability to produce speech-like
vocalizations.

A total of 61CASP response sets were scored by four graduate research assistants trained to
use the 0, 1, or 2 point scale. The maximum score of the CASP is 20 points. In order to
assess concurrent validity with speech sample data (i.e. the total percentage of BCS and AF
vocalizations per sample), CASP scores were converted to percentages as well (e.g. a score
of 10 points = 50% of available CASP points).

The intra- and inter-reliability of listener-judges’ classifications of vocalizations from
speech samples (i.e., agreement that an utterance belonged at the PC, BCS, or AF level) was
examined by having seven graduate research assistants reclassify approximately 11% of all
utterances collected during the first 2 years of Cl use (7= 6,985) in random order. Cohen’s
Kappa for intra-reliability was found to be .976 and inter-reliability was .878. Both values
indicated excellent agreement in determining vocalization levels (Fleiss, 1981). The point-
to-point agreement scores for intra-judge and inter-judge agreement were 99% and 94%,
respectively.
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Approximately 25% (15 out of 61) of CASP administrations (13 different children) were re-
scored in random order from video-recordings to assess intra- and inter-reliability,
separately. The correlation between the total scores of the first and second scores of the
original scorer (n = 1) was found to be r= .95 (p<.001). The correlation between two
different scorers (n = 4 different scorers) was found to be r=.98 (p<.001). Both intra- and
inter reliability measures indicated excellent agreement. Point-to-point agreement scores for
separate CASP items were 90.7 % for intra- and 85.3% for inter-reliability measures. All re-
checking of CASP scores and recoding of speech samples took place at least 3 months after
the original scoring/coding.

Statistical Analysis

Results

Pearson correlations were completed to assess the strength of association between CASP
scores (represented as percentages of total available points) and the percentage of speech-
like vocalization (BCS + AF). The correlations were completed for data from the 6, 12, 18,
and 24 month post-activation sessions separately, and for all intervals combined. A pvalue
of < 0.01 was selected as the criterion for determining whether the two sets of scores were
significantly associated.

Descriptive Findings

Figure 1 displays the mean percentages of speech-like utterances for speech samples and
CASP scores (represented as the percentage of total available points) for each interval. As
this figure shows, means from the two measures were highly similar at each interval. Speech
sample means show that approximately one-third of all utterances were speech-like at 6
months post-activation. At 12 months, speech-like utterances increased to 59%, making
them the majority of child utterances. During the 18 and 24 months samples, speech-like
utterances became dominant (77 % and 85%, respectively). Similar increases were seen for
CASP scores. As Figure 1 shows, the mean CASP score at 6 months was 39.69 %, and
consistent growth was observed at 12-month (66.25 %), 18-month (80.00 %), and 24-month
(86.33 %) intervals. The trend lines for each measure were closely aligned, ending with
nearly identical values at 24 months. These descriptive findings indicate highly similar
patterns of increase across the four intervals.

Correlations between Sample Data and CASP Scores

As Figure 2 shows, when all the four intervals were analyzed together, the overall
correlation between speech-like utterances from samples and CASP scores was relatively
strong and statistically significant (r=.752, p<.001), indicating a strong association
between CASP scores and speech sample measures. As presented in Figure 2, data points for
both measures moved toward ceiling levels across the intervals. By the 24 month interval,
several children closely approached ceiling level for each measure: five children produced
samples in which =94% of the utterances were speech-like, and nine had CASP scores of
290%. Scores for each child at each interval can be found in Table 3.

Pearson correlation analyses were also conducted to investigate the relationships between
the two measures at each interval. Figure 3 shows that a significant correlation was found at
6 months post- activation (r=.682, p=.004). Correlations at the 12- and 18-months
intervals (see figures 5 and 6) were moderate in strength but did not meet criteria for
significance (r=.470, p=.066, and r=.503, p=.066, respectively; see figures 4 and 5). A
very low correlation was found at 24 months post-activation (r=-.077, p=.784).
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Discussion

The main purpose of this investigation was to determine whether CASP scores were closely
aligned with estimates of vocal development taken from speech samples. When all intervals
are considered together, a strong correlation between these two measures was found. A
significant correlation was also found for the 6-month interval, but not for subsequent
intervals individually. The lack of significant correlations at months 12, 18, and 24 appears
to result from an interaction between limited power at these intervals, increasing ceiling
level effects, and the age-related characteristics of the behaviors being studied. Regarding
the last point, both sample and CASP scores are not likely to identify substantial progress in
vocal development beyond 18 — 24 months of life in typically developing children. That is,
by these ages, speech-like productions (BCS and AF) are becoming dominant in the
utterances of TD children (Nathani et al., 2006). Similar dominance has also been observed
during the first two years of Cl use (Ertmer et al., 2007; Ertmer & Jung, manuscript in
preparation). Thus, the wide range of scores needed for high-level correlations at later
intervals was not expected for later intervals. Considering these methodological and
developmental issues, the overall correlation measure (See Figure 2) provides the most
comprehensive and representative estimate of the association between CASP scores and
speech sample data. Further evidence of a strong association between the two measures can
be seen in the similarity of means and standard deviations at each interval (Figure 1). Taken
together, these data indicate that CASP scores have high concurrent validity with estimates
of the percentage of speech-like productions obtained from spontaneous speech samples.

Clinical Applications of the CASP

The current version of the CASP is intended to be a repeated-measure, criterion-reference
task rather than a standardized test of post-implantation vocal development. That is, by
administering the CASP at regular time intervals following implant activation (i.e., every 2,
3, or 6 months), early interventionists can track and document progress in auditory-guided
speech development in a particular child. Comparisons between children are not
recommended and norms based on amount of CI experience norms are not available.

The CASP can reveal progress in vocal development in at least four ways. First, CASP
scores provide information about the ability to imitate a variety of vowels in isolation—one
of the first indications of auditory-guided speech development (see Ertmer & Nathani lyer,
2010 for review). Second, further progress can be seen as children imitate well-formed CV
syllables and more mature utterances such as diphthongs and CVC syllables. In this way, the
CASP provides evidence of progress along a continuum of speech-like utterances. Such
progress has been used to infer speech perception benefits during the initial months of ClI
use (Ertmer, Young, & Nathani, 2007; Ertmer & Jung, 2011). Third, improved ability to
imitate a variety of consonant types—especially those with limited speechreading cues—
indicates that children are using audition to guided speech development. Fourth, low CASP
scores at successive intervals indicate limited ability to use audition to guide speech
development and suggest the need for modifications in intervention. Conversely, increasing
scores during the first 2 years of CI use provide evidence of auditory-guided speech
development. Thus, the CASP is an effective tool for monitoring auditory-guided
advancements across a continuum of vocalization types during the first 2 years of sensory
aid use. In addition, although the participants in the current study used Cls, the results of
field testing indicate that the CASP can also be used to track progress in vocal development
with young hearing aid users (Ertmer & Stoel-Gammon, 2008).

Administering the CASP is more time-efficient than collecting and analyzing speech
samples. To evaluate vocal development through sampling and analysis with the
Consolidated SAEVD-R system, approximately 50 utterances must be recorded and
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classified into the PC, BCS, and AF levels. This entails 20 — 30 minutes of adult —child
interactions and at least1 hour to parse and to classify child utterances. The latter activities
also require training and experience in identifying various types of vocalizations. Although
training guides are available through textbooks, research articles (Ertmer, 2005; Ertmer &
Nathani lyer, 2010, respectively) and web sites (e.g., www.vocaldevelopment.com), much
practice is needed to become competent. In contrast, the CASP can be completed and scored
in 5 — 10 minutes with most children, without special training. Further, criteria for judging
the acceptability of children’s productions are clearly stated on the scoring sheet (Appendix
A); eliminating the need to be familiar with the 23 vocalization types identified on the
SAEVD-R (see Nathani, Ertmer, & Stark, 2006). In sum, the CASP is easier to use than
speech sample analysis, yet yields highly similar estimates of children’s vocal development
status.

Another advantage of the CASP is that it requires children to produce a wide range of target
consonants, vowels, and syllable shapes. Whereas speech samples often elicit consonant and
vowel types, and syllable shapes familiar to the child (Warner-Czyz, Davis, & MacNeilage,
2010), the CASP requires children to match specific target utterances that might not be
within their current repertoire. On-demand imitation has the potential to reveal much about
children’s ability to integrate hearing and speech.

Although the available data are quite limited and must be considered only preliminary,
findings suggest that CASP scores might eventually be useful for identifying children who
have other disabilities in addition to hearing loss. CASP scores from the only children with
secondary disabilities who completed the study (F-27a and M-31) were found to be >1.5
standard deviations below the mean CASP scores at 18 months and 24 months (Table 3).
Scores for both children were within 1 SD of the mean at 12 months post-activation, but
subsequent scores did not match the growth seen in other children. For example, while the
CASP scores of other children reached 70% or higher after 12 months of CI experience
those for F-27a and M-31peaked at 65% (see Table 3). The challenging nature of the CASP
for children can also be seen when CASP scores are compared to sample scores at the 24-
month interval for the children with multiple disabilities. The percentage of speech-like
utterances in the two children’s samples were 94 and 82%, respectively, whereas CASP
scores were considerably lower: 65% for both children at the same interval. The possibility
that the CASP can be used to identify children with secondary disabilities seems to merit
further examination. Clearly, additional data are needed to establish criteria for identifying
typical and atypical progress on the CASP. However, the current data suggest that children
who show limited increases in CASP scores during the second year of Cl use be considered
for additional assessments.

The final application note has to do with the administration of the CASP. The CASP was
designed to have early interventionists and parents work together as co-administrators. It is
recognized however, that parents are not always available to participate in clinical situations.
In the current study, familiar early interventionists and day-care providers substituted for
parents approximately 32% of the time without noticeable difficulties on the child’s part. In
fact, because some parents had difficulty presenting stimulus items as expected, early
interventionists were often more efficient in modeling stimuli than parents. Thus, including
adults who are familiar to the child can be a viable option when parents are not able to
participate in the CASP.

Limitations and Future Directions

Four cautions should be kept in mind when using and interpreting the CASP. First, because
norms are not currently available, the CASP must be considered solely a repeated measures,
criterion-reference task that provides a way to measure of within-child progress during the
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first 2 years of sensory aid use. CASP scores cannot be compared across children. Second,
some young children may have low CASP scores and still have made progress in vocal
development. Three children (M-12, F-18, and M-13; see Table 3) had CASP scores of zero
but samples revealed that speech-like utterances accounted for 32% and 42% at 6 months,
and 62% of their vocalizations at 12 months, respectively. A review of their CASP video
recordings showed that these children appeared to be more interested in playing with the
Classical Stacker toy than imitating stimuli. Although such situations were relatively
infrequent in our experience, observations of children’s vocalizations in everyday situations
can help determine whether CASP scores underestimate children’s actual level of vocal
development. Third, although field-testing of the CASP found that children as young as 12
months successfully participated in the CASP (Ertmer & Stoel-Gammon, 2008), it is
expected that some very young ClI recipients might not have the attention skills needed to
complete the CASP at first. Such children are likely to become more successful as they
become accustomed to imitation tasks during communication intervention activities. Finally,
ceiling level effects may be observed after 18 or 24 months of CI use. Figures 6 and 7
suggest that as BCS and AF vocalizations become dominant, smaller increases in CASP
scores are likely. However, administration of the CASP at these intervals can still provide
useful clinical information regarding the production of later-developing consonant types,
closed syllables, and diphthongs.

In summary, the CASP was found to have high concurrent validity with speech samples
taken during the first 2 years of Cl experience. It was also found to be more time-efficient
than sampling procedures, making it a practical, criterion-referenced tool for monitoring
vocal development in individual children. When given at regular intervals, the CASP can
help early interventionists monitor and document auditory-guided speech development even
before children begin to say words on a regular basis.
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Appendix A

Directions for Administering and Scoring

The Conditioned Assessment of Speech Production (CASP)

David J. Ertmer and Carol Stoel-Gammon (2008)

(Reprinted with permission from the A. G. Bell Association)

1. Warm-up ltems:

a.

After getting the child’s attention, the early interventionist models the first
warm-up vocalization (/u/) while holding a toy reinforcer (e.g., a star-
shaped piece for the “Classical Stacker” musical/light-up ring-post toy)
next to her mouth. Models are spoken at slightly louder than
conversational intensity level and without unusual visual or intonation
cues. The early interventionist says /u/ or “Say /u/” while looking at the
parent or another adult who is familiar to the child.

The parent imitates the modeled vocalization. The parent is given the
reinforcer and places it on the post. The parent and early interventionist
respond enthusiastically as the stacker toy lights up and plays a few
musical notes.

The parent gets the child’s attention and then models the same
vocalization (i.e., /u/ or “Say /u/”’) while holding the toy reinforcer next to
his/her mouth and looking at the child.

When the child vocalizes, he/she is praised and allowed to place the star
on the post. Any vocalization is reinforced. To maintain a game-like
situation, the child is allowed to place the star on the post even if no
attempt to imitate is made.

Repeat steps a — ¢ with the remaining warm-up vocalization /o/ if the child
does not respond to /u/. Move to Level 1 if the child attempts to imitate
either warm-up item.

NOTE: Els may choose to modify these procedures if the child has a
different, previously established routine for eliciting speech (e.g., if the
reinforcer is typically given to the child before an imitative attempt). In
cases where the child responds more consistently to the early
interventionist than to the parent, the early interventionist and parent roles
can be reversed. Two familiar Els can also administer the CASP if parents
are unavailable. Care should be taken, however, to make sure the parent
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participates in the process whenever possible and to ensure that three adult
models are given before the child is expected to imitate each item.

2. Scored items:

a.

3. Scoring:
a.

C.

The first vocalization of Level 1 is modeled by the early interventionist for
the parent as described in step 1la.

The parent imitates the vocalization and receives a star reinforcer.

The parent turns to the child, gets his/her attention, and then models the
vocalization while holding the star next to her mouth. The child imitates
the model.

All of the child’s imitative attempts are praised and reinforced
immediately. The El transcribes the child’s response in the space provided
on the score sheet.

If the child’s production is fully acceptable (receives 2 points), go to the
next stimulus item and repeat steps 2a — d.

If the child does not respond or the imitative response is not fully
acceptable, note NR (No Response) or transcribe the child’s original
attempt on the first line under the stimulus item.

i. Repeat steps 2a — d with the same stimulus to give the child a
second chance. Transcribe and score the child’s second
attempt.

ii. Only 1 repetition is allowed for each stimulus item.

iii. The star reinforcer is given even if the child does not
respond.

Continue introducing other stimulus items as in steps 2 a — d until all the
items at Level 1 (Pre-canonical) have been presented to the child.

Present stimulus items from Level 2 (Basic Canonical Syllables) using the
procedures in steps 2a — g.

Present stimulus items from Level 3 (Advanced Forms) following steps
2a-g if the child has scored at least 1 point on Level 2. Testing may be
discontinued if the child does not receive any points on Level 2 and parent
reports that canonical syllables (CV syllables) are seldom/never produced.
All stimulus items should be presented if the child is reported to produce
canonical syllables.

Scoring criteria are presented on the score sheet.

If more than one imitation is elicited, only the most acceptable imitative
response is scored (i.e., the response with the highest score).

The child’s productions are to be compared with the parent/clinician’s
model. For example, an imitative production can be fully acceptable if it
matches a model that was slightly different from the intended target (e.g.,
Mother says /teek/ instead of /tak/ and child says /teek/).

Sum the number of points for the total score.

4. Administration intervals:
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The CASP can be given at 2-, 3-, 4- or 6-month intervals. Results are
compared to previous scores for the same child.

Appendix B

The Conditioned Assessment of Speech Production (CASP)

David J. Ertmer and Carol Stoel-Gammon (2008)

(Reprinted with Permission from the A. G. Bell Association)

Child’s Name

DOB

Parent

Clinician

Months of sensory aid use

Directions for parents:

Sensory aid type

Page 15

Date

I am going to say some sounds for you to imitate.

Then you will say the same sounds for your child to imitate. Try to say the

sounds in the same way and at the same loudness level that I use. We will

give (child’s name) toys and praise for playing this game with us.

Warm-up Sounds: /u/ :

No Response

Child imitates readily

Imitates after pause

/o/ : Child imitates readily Imitates after pause No
Response
Level 1
Precanonical Vocalizations
Stimuli for Models 0 Points 1 Point 2 Points Score

Transcribed
Responses

1.Prolonged central
vowel in isolation: /
Al
1.
2.

1. No response

2. Two or more vowels
that do

not match target

3. Response is not a
vowel

(e.g., squeal, raspberry, /
m:/

4. CV syllable(s) without
target
vowel (e.g., /bu/)

1. Two or more vowels that
match target

2. Single vowel that is not /a/
or/al

3. CV syllable containing target
vowel

(e.9. [b(a)

1. One central
vowel
(i.e., /al or Ial)

2. Two high-front
vowels: (/i/ /i)

1.

2.

1. No response

2. Response is not a
vowel

3. Syllables with vowels
that

do not match target
(e.g., /buf)

1. Single vowel that matches
target

2. Two vowels that are not /i/
or/l/

3. Two vowels, only one of
which matches

the target (e.g., /i/ /al')

4. CV syllables containing
target vowel

(e.g., [bibi])

1. Two high front
vowels in any
combination
(e.g., /il for NNI')

3. Three low-front
vowels: /&/ &/ &/
1.
2.

1. No response

2. Response is not a
vowel

3. Syllables with vowels
that

do not match target (e.g.,

[bu])

1. Single /&/ or / e/

2. Two matching vowels (e.g., /
&® /, leel)

3. Three vowels, only one /&/
or /el

4. Two or three non-matching
vowels

(i.e., none are /&/ or /ef)
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Stimuli for Models 0 Points 1 Point 2 Points Score
Transcribed
Responses

5. CV syllables containing

target vowel

(e.g., [baebaebae])

Level 2

Basic Canonical Syllables

Stimuli for Models 0 Points 1 Point 2 Point Score

Transcribed
Responses

4. CV syllable with a
bilabial stop
consonant:

[ba]

1.

2.

1. No response
2. Vowel without
consonant

1. CV syllable in which only the C
or the

V match the model

(e.g., [bi] or [ka])

2. Two or more matching CVs (e.g.,
[bababa] or [papal)

3. CVC syllable with matching C or
\Y%

1. Asingle CV with a
bilabial stop
consonant and /a/ or /
al(i.e., [ba]

[pa], [ba], or [pa])

5. CV syllable with a
bilabial nasal: [ma]
1.

2.

1. No response
2. Vowel in
isolation

3. Consonant in
isolation

1. CV syllable in which only the C
or the

V match the model

2. Two or more matching CVs (e.g..,
[mamama] or [ mama])

3. CVC syllable with matching C or
\%

1. Asingle CV with a
bilabial nasal
consonant and /a/ or /
al(ie., [ma]

or [ma])

6. CV syllable with a
bilabial glide: [wa]
1.

2.

1. No response
2. Vowel in
isolation

1. CV syllable in which only the C
or the

V match the model (e.g., [wi] or
[mal) , _

2. Two or more matching CVs (i.e.,
[wawawa] or [wawa]

3. CVC syllable with matching C or
\Y

1. Assingle CV with
a/w/ and /a/ or /
al(i.e., [wa] or [wa]

7.CV syllable with a
velar stop: [ka]
1

2.

1. No response
2. Vowel in
isolation

3. Consonant in
isolation

1. CV syllable in which only the C
or the

V match the model (e.g., [ki] or [ta])
2. Two or more matching CVs (i.e.,
[gaga

ga] or [kaka])

3. CVC syllable with matching C or
\Y

1. Asingle CV with /
k/ or /g/ and /a/

or /a/ (i.e., [kal, [ga]
or [ka], [9a])

8. CV syllable with a
lingua-alveolar
fricative:

[sa]

1.

2.

1. No response
2. Vowel in
isolation

3. Consonant in
isolation

1. CV syllable in which only the C
or the

V match the model (e.g., [si] or
[ha)) _ _

2. Two or more matching CVs (i.e.,
[sasasa] or [zaza])

3. CVC syllable with matching C or
\Y%

1. Asingle CV with
[s[ or [z] and [a]
or/al(i.e., [sal, [zal,
[sa), or [zA])
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Level 3
Advanced Forms
Stimuli for 0 Points 1 Point 2 Points Score
Models
Transcribed
Responses

9. C+ diphthong

1. No response

1. Matching diphthong in

1. /n/ plus matching

2.

3. Isolated consonant

(e.g. [s])
4.VC or CV syllable

and V (e.g., [pip])
2. CVC syllable with one or
two segmental errors (e.g.,

[tap])

/d/and final /k/ or /
g/ combined with
lal or Ial (e.9.,
[taK], [dag], [tak],
[dag])

syllable: 2. Isolated vowel isolation diphthong
[nal] 3. Isolated C (e.g., 2. In/ + non-matching (i.e., [nal])
1. [m]) diphthong (e.g.,
2. 4. CV without a [nol])
diphthong 3. Non-matching C with
5.Non-matching matching
diphthong (e.g. /au/) diphthong (e.g., [mal])
4. In/ plus vowel (e.g., [na])
5. CVC syllable with /n/
and [al]
(e.g., [nalk])
10. CVC: [tak] 1. No response 1. CVC syllable with non- 1. CVC syllable Total
1. 2. Vowel in isolation matching Cs with initial /t/ or Score
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Figure 1.
Percent of Speech-like Utterances and CASP scores at each interval.
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Figure 2.
Scatter plot for all intervals and overall correlation between percentage of speech-like
utterances from samples and CASP scores during 2 years of CI use.
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Figure 3.

Scatter plot and correlation between percentage of speech-like utterances from samples and
CASP scores at 6 months post-activation.
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Figure 4.
Scatter plot and correlation between percentage of speech-like utterances from samples and

CASP scores at 12 months post-activation.
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Scatter plot and correlation between percentage of speech-like utterances from samples and

CASP scores at 18 months post-activation.
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Scatter plot and correlation between percentage of speech-like utterances from samples and
CASP scores at 24 months post-activation.
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Table 1

Levels of the Stark Assessment of Early Vocal Development-Revised and the Consolidated SAEVD-R, ages
of expected emergence in TD children, and examples of vocalization types for each level (Nathani, Ertmer, &

Stark, 2006).

SAEVD-R Levels Consolidated Ageof Examples of
SAEVD-R Emergence Vocalization Types
Levels (months)

Level 1. Reflexive vocalizations PC 0-2 Crying, vegetative (coughs, hiccups),
grunts (quasi-resonant nuclei)

Level 2. Control of Phonation PC 1-4 Primitive vowel-like sounds with poor
vocal quality (fully resonant nuclei),
“goos”, closants ( e.g., clicks, smacks,
trills)

Level 3. Expansion PC 3-8 Squeals, vowels and vowel-like
productions, consonants, marginal
babbling **

Level 4. Basic Canonical BCS 5-10 Consonant-vowel syllables with rapid

Syllables transitions (e.g., CV, CVCV, CVCVCV),
whispered vocalizations

Level 5. Advance Forms AF 9-18% Closed syllables (CVC), CCV

syllables, diphthongs, VC syllables,
jargon

The ages in this table are based on TD children from English-speaking homes. Age of emergence for some Advance Form vocalization types may

differ across languages (Vihman, 1993).

*ok

A series of primitive and slowly combined consonant and vowel-like productions.

Aok

More than two CV syllables containing at least two different consonant and vowel types and the presence of changes in intonation or stress
pattern during the series (e.g. [gagadibu] with rising intonation pattern).

Am J Speech Lang Pathol. Author manuscript; available in PMC 2013 November 01.



Page 25

Ertmer and Jung

(30v)
(e2) 0z 00T wopaa.d umouun 1z e1 SHN egT-o
(30w)
(81) 52 248V N wopaa.d umouxun 61 €1 SHN €14
(30v)
(02) 2'12 N wopaa.d4 92 UIXauuo)d €T €T SHN eT-N
(30v)
(s2) 291 uN wopaa.d umouun 2 6 SHN 6-N
EREIE]
(30v)
(e2) 81 AZ2AN 96 wopaal umousun 9e SHN pRIES
(30w) SnIA
(re)sze dN wopaaid ofebawoifd 9 44 9e-4
(d
(z2) ez 68 -$84IH) dSd umouxun 1z SHN 12-4
(30v) q
(81) 22 APZUN 06 wopaald o PeFEDINOWOD 9z 0z 9z-N
(30W) gRIsEIdsAa
(¥2) 92 08 wopaa.d fumouun Sz SHN Gg-4
_ . (3ov ©9]Y209
(€2) 9z A= guN 9L wopaaid pawioje 12 1 TN
Ar=UN (30v) Kiowsiy
(o1) 0g ‘81 papiy wopaai4 Anweyumousiun 81 SHN egT-4
phunojoud Gd
(9) €1 [esare|ig "S9YIH) ,dSd umouun o1 SHN 9T-N
(¢30V)
(67) 62 90T wopaa.d umouun 71 ZSHN i
BEEg]
(uoirenioe
150d syjuow)
wre JBoipne (
m_gm_%m.\% mn-aou _U_m:mn (KBore i (syjuowi) (syuow) (sy1uow) (uoirenioe
B 10 popreun)  BUISSS00d) ABopon3 BEMQE_ HORETIEE poyynuep) abo. BpLES)
=) e eovea puz by UMDY N 2poD pIId
sployse Iy L
pepre
-1 Uea N
siuedionJged ay) Joy uonewaoyul Burreay pue alydeibowaq
¢ 9|gel

$watermark-text

$watermark-text

$watermark-text

Am J Speech Lang Pathol. Author manuscript; available in PMC 2013 November 01.



Page 26

Ertmer and Jung

*19p0JUT [RUOIBUIGLIOD PAJUBAPY

£

‘Buiuaalds BurieaH ulogmaN

4

‘plai4 puno
piaId p! mN

.’punojold 03 alanas Ajaresapou,, se pariodal sso| Burteay ‘a14 uo welboipne oZm

pue ‘abe Jo syjuow 0z e (Jea

18]) sso] Burieay punojoid 0} 818A8s & Y (1ea 1yBii) sso| punoyoid 01 818ASS Aj81eIapoLU B pUe ‘SYILOW GT . SSO| 89A8S 0 P|IL [essle[ig ‘yiuow T 1e Bunssl Ygy Aq ssoj [ess1e[iq pjiw e Yim painuspl

v

‘abeyioway Jejagalad pue ‘sisdas pawnsaid ‘ainsodxa uoleaIpaw 21x01010 ‘elwauigniljigiadAy 10a11pul ‘Aiinjewsid Jo mmc?w

‘Al1eJaie]ig suiny eaide uo ANwioyap snogng

q

* punojo.d [esare|iq,, se paniodas ssoj Buiiesy 3|1y uo weiboipne ON,

m -

1qesIp A1epuodas yum uaip|iyd
¥

gL 19°0T 208 as
v8've 0022 1z uesyy
(0zT Anjepy
YUM d-sa1H) SnIIA
(€2) €T uN AuourreH olefaw01AD 6Y 1€ 5z W «TENW
RN (3ov) 5
(1) 62 ‘baiy z Joy 59 wopaal umouxun ve k4 SHN W A
(30V) e)7-
(e2) 9 06 LAS wopaal umoudun 1z 1z T 4 » 8L
(3ovw)
(91) L€ 6 wopaal] umouxun 12 12 T 4 124
(d-s3IH)
5 bunojoid 0} Auow.reH
(¥2) 6€ 21anas-pon pUe dSd 92 UIXauuo) 8e 6T SHN 4 6T-d
(30v)
(12) sz 00T wopaal] umouxun 0z 8T 1 4 814
(uoirenioe
150d syjuow)
wre JBoipne (1H
9|qe|rene (syjuow) (syiuow) (uoirenioe
we|(mo  GP-1@ BIBG  (Aberens poiedwl  uomeanoe  SUMOW 1D Bl e
B1B] 10 papreun) Buissa00.d) Abojona 9 o POUNUBP!  BPBD g6 ey
13S) R orea puz eeby KT eaby  H 3pod pIyd
splouse.y L
pepre
-[D U N

$watermark-text

$watermark-text

$watermark-text

Am J Speech Lang Pathol. Author manuscript; available in PMC 2013 November 01.



Page 27

Ertmer and Jung

"asuodsay waisuresg bou_u:dw

pue ‘sau01-s)qem 1o -and o3 ssuodsal ozm

‘uonn|oseyIH
: g

*10SS8004d PUNOS ,, SALIBS E:c:m_n_v

$watermark-text

$watermark-text

$watermark-text

Am J Speech Lang Pathol. Author manuscript; available in PMC 2013 November 01.



Page 28

Ertmer and Jung

SsonI[IqesIp A1epuoas Yim usipjiyo
M

006 95T 6EST ZO€l 0£6 /9T ¢9TT 80T 080z 6£8T T.2T 8992 1922  GSEOT 09ST 6TEE zZ0'8 as
€868 0Z€S €2 €98 1S9,  TLOr 98'GE 0008 6065 00GZ 60¥E G299  Trve  €I6 626 6998 L¥IZ uea
6 o 8y 56 8/ 95 e 56 09 9z ve S8 2 9t 8e 06 9t e9e-d
08 ze 8y S8 9 ov vz 0L 0s vT 9e 09 9t 9e-d
z8 ze 05 59 0L 81 28 ov 28 9 9y 09 1€ < TENW
oy 4 v 59 vy 9 8e 05 1z <LENN
6 8e 95 59 29 4 ov 05 01 0 01 se 0 0 0 ST 1z e
6 28 z 00T 08 09 0z 00T 8 85 9z 58 s 8 9 08 12 24
z8 85 174 0L 26 vy 8y 06 z8 a4 ov 09 vz 8 91 59 9z 9z-W
8l 8y 0¢ 56 99 0z 9 56 9 9¢ 8z 06 zL 8z 4 56 52 524
8 0 8 0z 12 124
86 8L 0z 00T 26 v 8e 00T 99 a4 vz 06 s T 8e 09 12 T2-W
88 8¢ 05 56 z8 8y e sl 2L 8 9 08 61 61-d
92 4 vz 05 81 g4
89 8y 0z 56 9. v e 0L s 91 8e S8 a4 9 9e 0 81 814
I 0 I 5z vz 8 91 ST 91 9T-W
88 29 92 08 29 9 92 s. 29 ze ov 0 0 0 0 0 el eT-W
z8 8e vy 06 08 8z P45 sl 0z T 9 0g e eeT-d
6 z8 z 06 9. 8y 8z 06 29 8z ve 00T el 14
88 89 0z 0L 08 z8 8z s. 8 8y 9¢ 59 ze 4 0e 0 z ZT-W
0L 8y zz o0t 9. 0e oy 06 99 9z ov 9 62 0 62 S 6 6-N
4v+5089 4V SO8 dSVD dv+S09 4V SO9  dSVO dv+Sdd 4V SO9  dSVD  d4v+Sdd 4V SO dSVO ,Mw__m_\mcmw\. ewwww_msm
SyIuOW tZ syjuow g1 syuow gt syjuow 9 Te e .wm_ﬁe

"e1ep Bulssiw a1eaIpul sease
Aelo ‘syuedioiued syy Ag [eAsslul yaes Je paonpoad seauessin (4v+ SOg) axij-y29ads pue ‘4 ‘SOg J0 1usdlad pue S0 8yl uo pauJes sjulod JO 1Usdiad

€9lgel

$watermark-text $watermark-text $watermark-text

Am J Speech Lang Pathol. Author manuscript; available in PMC 2013 November 01.



