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This second paper in a series on developmental apraxia of speech (DAS)
(Shriberg, Aram, & Kwiatkowski, 1997a) reports findings from two studies. Study
I compares speech and prosody-voice profiles of a group of 14 children with
suspected DAS to profiles of 73 children with speech delay (SD). Results suggest
that the only linguistic domain that differentiates some children with suspected
DAS from those with SD is inappropriate stress. Study II cross-validates these
findings, using retrospective data from a sample of 20 children with suspected
DAS evaluated in a university phonology clinic over a 10-year period. Discussion
considers methodological and conceptual issues in the measurement of linguistic
stress. Theoretical issues and implications for research and clinical practice are
deferred for synthesis of the present findings with those from a multi-site cross-
validation project (Shriberg, Aram, & Kwiatkowski, 1997b).
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The prior paper in this series reviewed descriptive and theoretical
perspectives on developmental apraxia of speech (DAS) (Shriberg
et al., 1997a). A literature review and a local ascertainment study

led to two conclusions. First, the term suspected DAS appears to persist
clinically as a functional explanation for children with speech delays
that in some way differ from error patterns in typical speech delay and
that take longer to normalize even with usually sufficient intervention.
Second, notwithstanding the lack of a diagnostic marker, the predomi-
nant view of DAS is that it is a motor-speech disorder involving deficits
in the prearticulatory sequencing of segmental targets. Until a diagnos-
tic marker is validated for this putative clinical entity, clinicians and
researchers must acknowledge the circularity in inferences about defi-
cits that define the disorder and the psycholinguistic processes that un-
derlie those deficits.

The primary goal of the two studies reported in this paper is to de-
termine if a diagnostic marker for DAS can be identified in two samples
of children with suspected DAS. A secondary goal is to assess the level of
support for alternative hypotheses about the nature and origin of DAS,
including the possibility that some form of DAS may be genetically trans-
mitted.

Diagnostic Markers and Phenotype Markers
The role of diagnostic markers in clinical and research contexts was

discussed in the prior paper (Shriberg et al., 1997a). The validity and
reliability of a diagnostic marker is evaluated on its ability to identify
persons who do and do not have a disorder or disease. Typical goals for a
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candidate diagnostic marker in clinical medicine are
sensitivity (true positives) and specificity (true nega-
tives) values of at least 90%.

In addition to the question of a diagnostic marker
for DAS, an etiologic issue is whether the same or other
characteristics can also serve in genetic studies as the
phenotype marker of DAS. The literature supports the
likelihood that DAS is an inherited disorder (cf. Shriberg
et al., 1997a). As above, however, the phenotypes used
in familial studies reflect only features on the many
checklists presumed to characterize DAS. Appropriate
phenotype markers for behavioral and molecular genetic
designs have been discussed by Pennington (1986), who
proposes that ideal phenotype markers meet five crite-
ria. First, the marker must be expressed in all geno-
types that code for the disorder (complete penetrance),
have early onset, and have developmental persistence.
Second, although some genetic models permit continu-
ous phenotypes, it is preferable that the distribution of
the marker be bimodal, so that family members can be
identified as affected or not affected. Third, the marker
“must be present in all individuals who meet standard
diagnostic criteria and in some but not all of their rela-
tives who do not meet standard diagnostic criteria” (p.
72). Here Pennington draws the important distinction
between diagnostic and phenotype markers. Specifically,
to be useful for genetic analysis procedures it is the phe-
notype marker, not the diagnostic marker, that has to
differentiate affected versus nonaffected individuals
within families. Fourth, the phenotype marker must
have a “logical and potentially causal” relationship to
the full-blown disorder. That is, the ideal phenotype
marker should be specific to the syndrome and not found
in other complex behavioral disorders. Finally, follow-
ing Elston and Namboodiri (1980), Pennington suggests
that phenotype markers can be defined by multivariate
procedures, but they ideally should involve only a single
test or trait. Although the present studies seek to iden-
tify a diagnostic marker for DAS, findings will also be
discussed from the perspective of identifying a potential
phenotype marker that meets Pennington’s five criteria.

Study I: Speech and Prosody-Voice
Characteristics of Children With
Suspected DAS

Method
Procedures

Conversational speech samples and articulation
test responses were obtained from 14 children in the

Cleveland area who had previously been seen in a study
series in developmental apraxia of speech. All assess-
ment sessions were conducted by the second author, who
was familiar with the children from the prior research.
The protocol for making high quality audiocassette re-
cordings of conversationally rich speech samples from
the children has been reported in previous studies of
children with normal and disordered speech (e.g.,
Shriberg, 1986, 1993; Shriberg & Kwiatkowski, 1982,
1994). Speech samples were recorded on a well-main-
tained, high-quality audiocassette tape recorder with a
remote microphone positioned approximately 15 cm from
a child’s lips. Examiner topics for the conversational
speech samples focused on the children’s activities and
interests. The examiner verbally glossed all utterances
that were difficult to understand, thereby demonstrat-
ing comprehension to the speaker and providing a con-
text for later orthographic and phonetic transcription.

Subjects
Table 1 provides information for 14 children with

suspected developmental apraxia of speech seen at a
diagnostic center at Rainbow Babies and Children’s
Hospital in Cleveland, Ohio, including age, gender, and
historic/test data on episodes of otitis media, intelligence,
language, and oral-peripheral movements. Conversa-
tional samples for the present study were obtained when
children were from 4 years 10 months to 14 years 11
months (M = 7 years 11 months, SD = 3 years 1 month).
Hearing was normal at the time of assessment as dem-
onstrated by passing a pure tone audiometric screening
evaluation at 25 dB bilaterally for 500, 1000, 2000, and
4000 Hz. Each child’s oral-peripheral speech mechanism
was evaluated using a clinical protocol adapted from
Spriestersbach, Morris, and Darley (1978). For the pur-
pose of excluding dysarthric children, lip, tongue, and
velar range and precision of movement were assessed
and in all cases were judged to be clinically normal. A
battery of single and sequential volitional oral move-
ments, also adapted from Spriestersbach et al. and in-
cluding nonspeech oral movements such as whistling,
blowing, and kissing, was administered for the purpose
of assessing the presence or absence of oral apraxia
(Aram & Horwitz, 1983).

To accommodate potential differences associated
with age over this 10-year range, 7 (50%) of the chil-
dren were placed in a younger subgroup (less than 7
years of age). The remaining 7 (50%) children were
placed in an older subgroup (7–15 years of age). The
ages of children in the younger subgroup were compa-
rable to the ages of children typically studied in clini-
cal research in developmental phonological disorders,
whereas there are few comparable data available for
children within the age range of the older subgroup. A
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total of 12 of the 14 children were males (86%), with the
2 females among the youngest children in each of the
two subgroups. As shown in Table 1, the otitis media,
intelligence, language, and oral-peripheral status of
these children ranged from normal to involved on a va-
riety of measures. As obtained by parental report, all
but 2 of the 14 children had relatives with speech, lan-
guage, or learning disorders, primarily nuclear family
members.

Table 2 provides summary speech data for the 14 chil-
dren with suspected DAS, based on conversational speech
samples obtained by the examiner in Cleveland and pro-
cessed in Madison (see below). Percentage of Consonants
Correct (PCC) scores (Shriberg & Kwiatkowski, 1982;
Shriberg, Kwiatkowski, Best, Hengst, & Terselic-Weber,
1986) ranged from 43.5% to 89.4%, with a mean of 67.0%
for all 14 children. Average PCC scores of the children in
the older subgroup (77.4%) were over 20 percentage points
higher than average PCC scores of children in the younger
subgroup (56.7%). Accordingly, the adjectives correspond-
ing to PCC severity scores (unadjusted for the standard

error of measurement, language status, and/or prosody-
voice status; cf. Shriberg & Kwiatkowski, 1982; Shriberg
et al., 1986), reflect less severe segmental involvement
for children in the older subgroup.

The rightmost column in Table 2 indicates each
child’s classification status as determined by the Speech
Disorders Classification System (SDCS) (Shriberg,
1993). The classification categories in the SDCS are
based on a synthesis of reference data on normal and
disordered phonological and phonetic development (cf.
Appendix in Shriberg, 1993) and on a revision using an
extended database of life span reference data (Shriberg,
Austin, Lewis, McSweeny, & Wilson, in press-b). It is
useful to describe the abbreviations in the rightmost
column of Table 2 as those corresponding to stems, af-
fixes, and brackets.

The stem NSA is the abbreviation for normal (or
normalized) speech acquisition. The stem NSA/SD
(which was not assigned any of the children in Study I,
but will occur in later discussion) is for speech that falls
on the borderline between NSA and speech delay (SD)

Table 2. Speech status of 14 children with suspected DAS, seen at a diagnostic research center in Cleve-
land, Ohio.

Age at assessment Percentage of Consonants Correct (PCC)

Child Gender Months Yrs;mos PCC Severity level SDCSa

Younger subgroup

1 M 58 4;10 43.5 Severe SD[+]

2 F 60 5;0 51.9 Moderate-Severe SD[+]

3 M 69 5;9 52.9 Moderate-Severe SD

4 M 70 5;10 44.6 Severe SD[+]

5 M 73 6;1 62.7 Moderate-Severe SD[+]

6 M 75 6;3 65.2 Mild-Moderate SD

7 M 75 6;3 76.1 Mild-Moderate SD

Subtotal: M 68.6 5;9 56.7

SD 6.9 0;7 11.9

Older subgroup

8 F 85 7;1 87.2 Mild NSA–

9 M 89 7;5 51.0 Moderate-Severe SD[+]

10 M 102 8;6 82.6 Mild-Moderate NSA-[+]

11 M 119 9;11 68.8 Mild-Moderate RE-2

12 M 122 10;2 89.4 Mild [RE-3]

13 M 155 12;11 80.5 Mild-Moderate RE-2

14 M 179 14;11 82.3 Mild-Moderate [RE-2][+]

Subtotal: M 121.6 10;2 77.4

SD 34.6 2;11 13.4

Total: M 95.1 7;11 67.0

SD 36.5 3;1 16.2

aSpeech Disorders Classification System (Shriberg, 1993).  See text for description of the classification entries.
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(cf. Shriberg et al., in press-b). The stem SD is the clas-
sification for children up to 9 years of age who have
speech-sound deletions and/or substitutions that are
inappropriate for their age. On the assumption that 9
years is the sociobiological end point for the construct of
speech delay (Shriberg, 1993), the stem RE is the ab-
breviation for several subtypes of residual errors in chil-
dren 9 years of age and older. RE-1 (not occurring in
Table 2) indicates only common clinical distortion er-
rors (e.g., dentalized /s/, derhotacized /r/, velarized /r/),
RE-2 indicates both common clinical distortion errors
and continuing imprecise speech (i.e., continuing omis-
sions and deletions of the type seen before 9 years in
SD), and RE-3 indicates imprecise speech alone.

The prefix “Q” (not occurring in Table 2) in a child’s
SDCS classification (e.g., QSD, QRE) indicates that the
classification is Questionable. QSD indicates that the
child’s error pattern would be considered normal if the
child were one year younger; QRE is used for 6- to 8-
year-old children with common clinical distortions and
some specific substitutions (i.e., all forms of RE are ques-
tionable below 9 years of age). The suffix “–” added to
NSA stems (see Children 8 and 10) indicates the pres-
ence of one or more speech-sound errors that are ac-
ceptable for the child’s age. The suffix “+” after any stem
indicates that the error pattern also includes uncom-
mon clinical distortions in over 20% of the words in the
sample (cf. Appendix, Shriberg, 1993).

Finally, the brackets around the classifications in-
dicate marginal placement in this classification category.
Bracketed stems meet some, but not all, of the type/to-
ken criteria for the stem, and a bracketed “+” indicates
uncommon clinical distortions in only 10%–20% of the
words in the sample.

Compared to their PCC scores and adjectives, which
are in the mild and mild-moderate range for 8 of the 14
children in Table 2, the SDCS classifications provide quali-
tative support for why these children are suspected to have
DAS. In the younger group, all 7 children meet SDCS cri-
teria for SD, with 4 of the 7 also marginally meeting crite-
ria for SD+. For the older children, including 3 children
younger than 9 (Children 8-10), all except Child 8 and
Child 10 have either SD (Child 9), or nonmarginal or
marginal forms of RE that include imprecise speech (Chil-
dren 11–14). Thus, although PCC scores for most of these
older children are in the Mild and Mild-Moderate range,
their persisting speech errors include age-inappropriate
deletion and/or substitution errors.

Comparison Groups and Data Reduction
Comparison Groups

The analysis to follow uses comparison data from
children whose phonological disorders were not suspected

to reflect developmental apraxia of speech. One group,
termed the younger speech delayed group (younger SD),
includes samples from 64 3- to 6-year-old children (mean
age = 4 years 3 months) with developmental phonologi-
cal disorders of unknown origin. Detailed speech data
from these children were presented in Shriberg and
Kwiatkowski (1994) and will be presented in a series of
comparisons to data for the younger DAS group in the
present study. The second comparison group, termed the
older speech delayed group (older SD), consists of nine
7- to 13-year-old children (mean age = 7 years 11 months)
with developmental phonological disorders of unknown
origin. Each of these children had been seen for speech
assessment and/or speech intervention at the Univer-
sity of Wisconsin-Madison Phonology Clinic. These were
the only 9 children in a clinical-research database whose
records met the following inclusionary and exclusion-
ary criteria: (a) Each child had a speech disorder of un-
known origin persisting past the age of 7 years and, (b)
there was no indication that the speech delay might be
associated with developmental apraxia of speech. All
procedures used to transcribe and prosody-voice code
the conversational speech samples from the two com-
parison groups were similar to those used to process
speech samples from the 14 children with suspected
DAS, as described next.

Transcription and
Prosody-Voice Coding

The conversational speech samples forwarded to
Madison were first transcribed by consensus by two of
the authors (LS, JK) using procedures described in
Shriberg (1986), Shriberg and Kent (1995), and Shriberg,
Kwiatkowski, and Hoffmann (1984). Detailed notes were
taken on both segmental and suprasegmental behav-
iors. Several years later, when a procedure for prosody-
voice coding became available (Shriberg, Kwiatkowski,
& Rasmussen, 1990), a research transcriptionist tran-
scribed and prosody-voice coded the 14 conversational
speech samples from children with suspected DAS. The
transcriptionist was provided only the children’s age and
gender.

Extensive reliability data for the systems and pro-
cedures described above for phonetic transcription have
been reported in Shriberg and Lof (1991). Several forms
of test and examiner reliability data and detailed valid-
ity data for the prosody-voice coding procedure, includ-
ing acoustic validation data, are presented in Shriberg,
Kwiatkowski, Rasmussen, Lof, and Miller (1992).
Interjudge agreement figures for the transcriber were
obtained for conversational speech samples from four
data sets, which included 1,346 utterances and a total
of 6,061 words (Shriberg, Austin, Lewis, McSweeny,
& Wilson, in press-a). These reliability samples were
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obtained from 32 3- to 45-year-old speakers, including
some children randomly sampled from the present data
set, with the majority of samples from younger chil-
dren and with speech ranging from normal to severely
involved. For consonants, the transcriber’s average
agreement with three other experienced transcribers
was 81.9% for narrow phonetic transcription and 88.7%
for broad phonetic transcription. For vowels, average

interjudge agreement was 79.1% for narrow phonetic
transcription and 85.6% for broad phonetic transcrip-
tion. Reliability of prosody-voice coding based on con-
versational speech samples from 28 children randomly
selected from a large database of children with mild to
severe speech delay, including children with suspected
DAS, was presented in Shriberg et al. (1992, Table 6).
The transcriber’s intrajudge reliability for summative

Table 3. Structural characteristics of the conversational speech samples from reference data and from the
four groups of children.

Reference dataa Younger Older

DAS (n = 7) SDb (n = 64) DAS (n = 7) SDc (n = 9)
Variable Rank % % % % %

Intended word form

CVC 1 31.9 25.0 29.3 25.4 26.7
CV 2 21.1 21.4 21.2 22.9 20.9
2-Syllable 3 13.5 14.5 14.3 14.9 12.1
VC 4 11.9 15.3 13.8 14.2 15.8
V 5 9.1 13.1 9.2 9.4 9.0
C(n)VCn 6 7.0 4.1 5.3 5.9 7.0
VCn 7 2.2 0.9 1.6 1.1 2.7
CnVC 8 1.5 2.7 2.0 2.8 3.0
3+Syllable 9 1.2 1.7 1.3 2.1 1.1
CnV 10 0.4 1.0 1.3 0.9 1.1

Intended consonant

n 1 12.0 15.1 13.8 14.7 15.6
t 2 11.8 14.3 12.5 12.5 13.3
s 3 6.9 5.1 6.0 7.8 7.3
r 4 6.8 4.7 5.5 5.8 5.2
d 5 6.1 6.3 5.9 5.7 7.4
m 6 6.0 7.8 7.5 6.7 5.1
D 7 5.4 2.6 4.6 3.1 4.7
k 8.5 5.3 7.0 6.1 5.6 6.6
l 8.5 5.3 6.0 5.4 5.5 4.8
w 10 4.8 5.1 4.6 4.2 5.4
z 11 4.7 1.1 3.8 3.3 3.9
h 12 4.4 4.8 4.0 4.0 3.2
b 13 3.4 3.6 4.3 4.0 3.6
g 14.5 3.2 3.5 3.4 3.2 2.8
p 14.5 3.2 3.8 3.6 3.8 2.8
f 16 2.1 2.4 1.5 3.0 2.0
j 17 1.7 1.6 1.7 2.1 1.6
N 18 1.6 1.5 1.1 1.2 0.8
v 19 1.5 0.9 1.3 1.5 0.8
S 20.5 0.9 0.7 0.9 0.4 1.5
Q 20.5 0.9 0.5 1.3 0.8 0.7
dJ 22 0.7 0.7 0.7 0.6 0.2
tS 23 0.6 0.9 0.6 0.3 0.7
J 24 0.0 0.0 0.0 0.0 0.0

aSee references in Shriberg (1986), Appendix C, Table 6a.
bShriberg & Kwiatkowski (1994).
cFrom Phonology Project Database, 1994.
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prosody-voice coding ranged from 85% to 99% point-
to-point agreement on the seven prosody-voice param-
eters described later. Interjudge agreement with the
first and second authors on these same samples ranged
from 74% to 96% on the seven summative prosody-voice
parameters.

Representativeness of the
Conversational Speech Samples

Analysis of the structural characteristics of the con-
versational speech samples from each of the four groups
was undertaken to determine if the speech samples had
representative percentages of intended word forms and
intended consonant targets. Table 3 provides compari-
son data for the younger and older DAS subgroups, the
younger and older SD groups, and a reference data set.
The reference data in Table 3 are taken from Shriberg
et al. (1986, Table 3, p. 144). The rank orders and per-
centages in the first data column in Table 3 were de-
rived from four studies of the conversational speech of
children developing speech at the normal rate
(Carterette & Jones, 1974; Hoffmann, 1982; Irwin &
Wong, 1983; Mader, 1954), three samples of children
with speech delay (Shriberg & Kwiatkowski, 1982, 1983;
Shriberg, Kwiatkowski, & Hoffmann, 1984), and one
study of normal-speaking adults (Mines, Hanson, &
Shoup, 1978). The rank-ordering and magnitude of the
percentages for the younger and older DAS subgroups
agree well with these reference data and with data for
the respective younger and older SD comparison groups.
Linguistic factors underlying the high stability of in-
tended word forms and phonemes in conversational
speech samples from diverse subject groups are dis-
cussed in Shriberg and Kwiatkowski (1983). For the
present purposes, the data in Table 3 support the rep-
resentativeness of the conversational speech samples
for the group and individual data analyses.

Results
Do Children With Suspected DAS Differ
From Children With SD on Severity of
Speech or Prosody-Voice Involvement?
Speech Severity Indices

The first question posed of the grouped data was
whether the 14 children with suspected DAS differed
in severity of involvement from children in the two
comparison groups. Table 4 includes summary data com-
paring children with suspected DAS to children with
SD on five alternative indices of severity of speech in-
volvement. Several statistical considerations (small
samples sizes, disproportionate sample sizes for the
younger group comparisons, disproportionate standard

deviations) supported the use of nonparametric
Wilcoxon-Mann-Whitney tests (Siegel & Castellan, 1988)
to test for statistically significant differences between
children with suspected DAS and the comparison groups.

Percentage of Consonants Correct (PCC). The first
three rows in Table 4 compare PCC data for the chil-
dren with suspected DAS and children with SD, includ-
ing the total PCC and sub-indices reflecting articula-
tion of singletons (PCC: Singletons) and clusters (PCC:
Clusters). The mean severity scores are descriptively
similar for the groups with suspected DAS and with SD,
and the rank-order statistics are statistically nonsignifi-
cant for five of the six comparisons. The one significant
(p < .05) difference was that the younger children with
suspected DAS averaged over 11 percentage points lower
on the PCC: Clusters than the younger children with
SD (mean DAS: 38.9%; mean SD: 50.3%). Detailed in-
formation on error targets and error types are reviewed
in a subsequent section. As indicated in the rightmost
column in Table 4, there were no statistically signifi-
cant differences between the older DAS and compari-
son SD group on any of the five severity measures.

Percentage of Consonants Correct–Adjusted (PCC-A).
The second three rows in Table 4 provide descriptive data
and results of inferential statistical tests for the Per-
centage of Consonants Correct–Adjusted (PCC-A). As de-
scribed in Shriberg et al. (in press-a), whereas the PCC
scores all clinical speech-sound distortions as incorrect,
the PCC-A considers certain residual distortion errors
(derhotacized consonant and vocalic /r/, dentalized
fricatives/affricates, velarized and labialized /l/) as cor-
rect. Because the PCC-A “adjusts” a child’s or adult’s
PCC score to reflect such common distortions, the PCC-A
is more sensitive to all other types of speech-sound er-
rors. As shown in Table 4, this adjustment yielded two
changes from PCC findings. First, it increased the dif-
ference in means between the younger DAS and SD
groups on clusters (mean DAS: 42.1%; mean SD: 60.6%)
that met significance criteria at the .01 level. Second, it
increased the difference in means for the total PCC-A
scores (mean DAS: 58.6%; mean SD: 69.3%), yielding a
second statistically significant difference between the
younger DAS group and the comparison group.

Percentage of Consonants Correct–Revised (PCC-R).
The next three data rows in Table 4 describe findings
and results of inferential statistical tests for the Per-
centage of Consonants Correct–Revised (PCC-R) scores
of children in the four groups. The PCC-R considers all
speech-sound distortions as correct, not just the residual
distortions as in the PCC-A. Thus, as a severity metric,
the PCC-R is maximally sensitive to potential differ-
ences in the percentages of deletion and substitution
errors in a speech sample. As shown in Table 4, the
average scores of younger children with suspected DAS
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were again significantly lower than comparison chil-
dren on the PCC-R for clusters (mean DAS: 44.8%; mean
SD 64.5%; p < .01) and on the total PCC-R (mean DAS:
62.5%; mean SD: 72.4%; p < .05).

Percentage of Vowels/Diphthongs Correct (PVC). The
severity metric assessing children’s vowel and diphthong
accuracy was the Percentage of Vowels/Diphthongs Cor-
rect (PVC). The PVC is obtained from a conversational
speech sample using the same percentaging procedures
as those used in the PCC metric (Shriberg, 1986), with
denominators including all intended vowel and diph-
thong sounds. As shown, the younger children with sus-
pected DAS had significantly (p < .001) lower vowel/diph-
thong accuracy in conversational speech, averaging
approximately 9 percentage points lower than children
in the younger comparison group with SD (mean DAS:
82.1%; mean SD: 91.4%).

Intelligibility Index (II). The Intelligibility Index (II)
reflects the percentage of child-intended words in the
conversational speech sample that the transcriber was
able to gloss (Shriberg & Kwiatkowski, 1982; Weston &
Shriberg, 1992). This metric reflects a best case esti-
mate of a speaker’s intelligibility, because the original
examiner provided a verbal gloss on the tape and the

transcribers were free to use multiple playbacks of dif-
ficult strings (cf. Kwiatkowski & Shriberg, 1993). The
younger children with suspected DAS were significantly
(p < .01) less intelligible than the younger children with
SD, averaging approximately 14 points lower (DAS:
77.3%; SD: 91.7%).

Prosody-Voice Indices
Description. Figure 1 includes the summary panels

from a prosody-voice analysis procedure termed the
Prosody-Voice Screening Profile (PVSP) (Shriberg, 1993;
Shriberg et al., 1990, 1992). This perceptual procedure
provides summary and detailed data on seven prosody
and voice variables coded from the conversational speech
samples. The top panel (Panel A) includes prosody-voice
information for the younger DAS group (Group 1: filled
circles) and the comparison SD group (Group 2: open
circles); the bottom panel (Panel B) includes prosody-
voice information for the older DAS group (Group 3: filled
squares) and the comparison SD group (Group 4: open
squares). Prosody-voice coding of the conversational
speech samples was possible for only 62 of the original
64 younger SD children. The arrangement of the data
in each of the panels provides summary means and

Table 4.  Severity of involvement of younger and older children with suspected DAS and age-matched comparison groups of children with
speech delay (SD).

Younger Older

DAS (n = 7) SD (n = 64) DAS (n = 7) SD (n = 9)

Severity metric M SD M SD Wa M SD M SD W

Percentage of Consonants Correct (PCC)

Singletons 61.4 13.0 66.3 8.5 201.0 ns 80.4 11.0 83.1 6.6 58.0 ns
Clusters 38.9 8.7 50.3 12.8 131.0 * 68.9 20.5 71.6 11.2 60.5 ns
Total 56.7 11.9 62.7 8.2 176.5 ns 77.4 13.4 80.0 7.2 58.0 ns

Percentage of Consonants Correct–Adjusted (PCC-A)

Singletons 62.9 12.9 71.7 9.7 161.0 ns 83.1 12.1 88.9 4.7 51.5 ns
Clusters 42.1 9.8 60.6 16.2 109.0 † 75.9 22.1 80.7 9.9 61.0 ns
Total 58.6 12.0 69.3 10.2 134.0 * 81.2 14.5 86.8 5.7 56.5 ns

Percentage of Consonants Correct–Revised (PCC-R)

Singletons 67.1 12.1 74.5 9.2 172.0 ns 86.2 12.3 89.6 4.6 57.5 ns
Clusters 44.8 9.7 64.5 16.1 99.5 † 77.8 21.9 81.8 9.0 63.0 ns
Total 62.5 11.2 72.4 9.8 140.0 * 84.0 14.7 87.5 5.4 59.5 ns

Percentage of Vowels Correct (PVC)

82.1  3.7 91.4 3.6 46.0 †† 85.5 7.3 92.5 4.0 43.0 ns

Intelligibility Index (II)

77.3 18.6 91.7 7.9 115.5 † 89.4 13.1 97.5 2.1 43.0 ns

aWilcoxon-Mann-Whitney (Siegal & Castellan, 1988)
*p < .05
†p < .01
††p < .001
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standard deviations (numeric section at the top of each
panel) and graphic data on the seven suprasegmentals
scored in the prosody-voice procedure: Phrasing, Rate,
Stress, Loudness, Pitch, Laryngeal Quality, and Reso-
nance Quality. Notice that Laryngeal and Resonance
Quality are also displayed as one combined category. The
data points in the graphic section are the percentage of
utterances considered appropriate, with the two hori-
zontal dashed lines indicating the 90% screening cutoff
for pass and the 80% cutoff for questionable pass (cf.
Shriberg et al., 1990, 1992).

The daggers and double daggers in the numeric and
graphic sections of each speech profile in Figure 1 and
in subsequent figures indicate significant between-group

differences at the .01 and .001 levels, respectively. As in
Table 4, the inferential statistic was the nonparametric
Wilcoxon-Mann-Whitney test (Siegel & Castellan, 1988).
Although means and standard deviations provide the
most meaningful descriptive statistics for the numeric
and graphic displays, nonparametric statistics provide
the most appropriate inferential statistical tests. Non-
parametric tests are appropriate when the data include
(a) small or disproportionate sample sizes (b) non-nor-
mal distributions (i.e., relative to skew, kurtosis, and
nonequal variances), and (c) correlated means and stan-
dard deviations at extremes of measurement. All three
constraints are present in the data of Figure 1 and in
subsequent speech profile analyses. The two probabil-
ity levels, .01 and .001, bracket, respectively, liberal and
conservative family-wise alpha levels for the combined
number of tests in these panels, and additional com-
parisons on more detailed levels of the output not shown
here (i.e., the .05 alpha level is not appropriate). These
statistical approaches to prosody-voice (and later speech
profile) analysis attempt to balance the goals of explor-
atory data analysis, advisory inferential tests, and avoid-
ance of Type I or Type II errors of inference.

Younger children with suspected DAS. As shown in
the numeric and graphic sections of Figure 1, Panel A,
younger children with suspected DAS had lower aver-
age percentages of appropriate utterances on each of the
seven suprasegmentals except laryngeal quality. Statis-
tically significant between-group differences at the .01
alpha level were obtained for rate (DAS: 85.0%, SD:
99.2%), stress (DAS: 64.9%, SD: 94.2%) and resonance
quality (DAS: 65.4%, SD: 95.9%).

Analyses in additional panels of the prosody-voice
profiles (not shown here) indicated that the statistically
significant differences in Figure 1, Panel A, were pri-
marily associated with three types of inappropriate
prosody-voice codes. The rate differences were prima-
rily due to the DAS children averaging more utterances
considered inappropriate on a PVSP code termed Slow
Articulation/Pause Time (Shriberg et al., 1990). The
criterion for this code is a rate of fewer than two syl-
lables per second, associated with excessive pause time
between words and/or excessively long articulation time.
The significant stress differences were primarily asso-
ciated with a PVSP code termed Excessive/Equal/Mis-
placed Stress. This code was used when children’s ut-
terance included either (a) a monostressed pattern
characterized by forceful, punctuated stress; (b) mis-
placed word stress relative to expected phrasal or em-
phatic stress patterns; or (c) blocks or sound prolonga-
tions (Shriberg et al., 1990). Finally, the significant
resonance quality differences were associated with the
DAS children averaging more utterances coded as
Denasal, used for utterances in which there was a lack
of normal nasal resonance on vowels or diphthongs

Figure 1. Prosody-Voice Profile comparison of Study I children with
suspected developmental apraxia of speech (DAS) and children
with speech delay (SD). Panel A data are for the younger children
in each group (Groups 1 and 2, respectively) and Panel B data are
for the older children in each group (Groups 3 and 4, respec-
tively). Only the data indicating percentages of utterances with
appropriate prosody-voice are shown (see text).
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(including contexts in which assimilative nasality would
be appropriate). Additional discussion of these group-
wise prosody-voice differences is deferred to the second
series of analyses concerned with individual children
with suspected DAS.

Older children with suspected DAS. As shown in
Figure 1, Panel B, there were no statistically significant
differences at the p < .01 level or less in the prosody-
voice scores of older children with suspected DAS com-
pared to children in the older SD group. The trends were
somewhat similar to those observed for the younger chil-
dren, with the older children with DAS having notably
lower average scores than the children with SD on stress
and resonance quality. Additional discussion of these
group-level, prosody-voice findings is again deferred to
the individual-level analyses to follow.

Individual Subject Analysis
The findings in Table 4 and Figure 1 indicated that

on some severity metrics, for the younger group com-
parisons in particular, children with suspected DAS
scored significantly lower than comparison children with
SD. To assess whether an individual’s score on any of
the speech or prosody-voice severity variables might dis-
criminate group membership, scatter plots were con-
structed for each measure, even for measures on which
statistically significant findings were not replicated in
both younger and older group comparisons. Each of the
scatter plots was examined to determine the degree to
which the measure divided children into two groups
based on their severity scores, the requirement of a di-
agnostic marker.

Beginning with the speech severity indices, exami-
nation of each plot indicated that the overlap in subject
scores between the two groups was too great to claim
use as a potential diagnostic marker. For example, of
particular interest were the data from the PVC mea-
sure, in which the younger children with suspected DAS
scored significantly lower as a group than children with
SD. Only 2 of the 7 children with suspected DAS had
PVC scores below the lowest PVC score of all children
with SD, and these two scores were only marginally
lower. Scores for the other 5 younger children with sus-
pected DAS were within the range of scores for the
younger children with SD. For the older children with
DAS, plots indicated that 4 of the 7 PVC scores were
below the lowest PVC score for the children with SD,
with the other three scores scattered within the range
of scores for the children with SD (including two scores
for children with suspected DAS near the top of that
range). Similar failures to discriminate children with
suspected DAS from those with SD occurred on each of
the other speech measures. As described for the PVC
analyses, the plotted scores overlapped considerably,

with many younger and older children with SD having
as severe an involvement on each of the severity mea-
sures as children with suspected DAS. Added to the find-
ing that none of the speech severity measures replicated
significant findings for both younger and older compari-
sons, these analyses suggested that severity of involve-
ment was not a viable candidate for a diagnostic marker
of DAS.

In contrast to the speech findings, scatter plots for
the prosody-voice findings suggested the possibility that
stress and quality might be candidates for diagnostic
markers. This conclusion was based on both the scatter
plot findings and on the replication across age groups.
Detailed analyses of subject-level prosody-voice data are
deferred until after the following descriptions of addi-
tional speech analyses.

Do Children With Suspected DAS Differ
From Children With SD on Speech Error
Targets or Error Types?
Natural Phonological Processes
Analyses

Rationale and procedure. If severity of speech-sound
errors does not individually differentiate children with
suspected DAS from those with speech delay, what sup-
port can be marshaled for specific error targets or error
types as a diagnostic feature? One widely used approach
to error target/type analysis in child phonology is to pro-
file speech errors by phonological processes. Phonologi-
cal processes reflect speech errors aggregated over Tar-
get Sounds x Structural Contexts or Word Forms x Error
Types. Thus, processes attempt to account for common-
alities among speech-sound errors by positing similar
effects at more abstract phonological levels. The value
of phonological process analysis as a descriptive device
is purported to be its ability to capture generalizations
not apparent by analyses using context-free and error-
free analytic units, such as phonemes and features. For
example, the phonetic motivation for an assimilatory
sound change (such as “gog” for “dog”) is presumedly
missed by traditional substitution analysis, which cap-
tures only the d/g substitution.

Figure 2 is a summary of findings for a phonologi-
cal process analysis approach in which eight phonologi-
cal processes meeting criteria for naturalness (cf.
Shriberg, 1983, 1986, 1991; Shriberg & Kwiatkowski,
1980) are subdivided into 15 categories sensitive to word
position (Initial, Final) and other structural elements.
The format of the two panels is essentially similar to
the format used for the prosody-voice analysis in Fig-
ure 1. The top panel (Panel A) includes natural phono-
logical process information for the younger DAS group
(Group 1: filled circles) and the comparison SD group
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(Group 2: open circles); the bottom panel (Panel B) in-
cludes phonological process information for the older
DAS group (Group 3: filled squares) and the compari-
son SD group (Group 4: open squares). The numeric
section at the top of each panel in Figure 2 includes
means and standard deviations for the eight natural
processes and their subtypes arranged in alphabetical
order. The graphic section provides for visual examina-
tion of the means, arranged left-to-right in decreasing
order based on data obtained in prior studies (Shriberg

& Kwiatkowski, 1994). Wilcoxon-Mann-Whitney non-
parametric tests at the two advisory alpha levels were
obtained, using the same psychometric rationale as dis-
cussed above for the prosody-voice analysis.

Findings. Of the 30 between-group statistical com-
parisons for the data in the two panels in Figure 2, none
reached significance at the .01 level. The interleaved
trends for both the younger and older comparison groups,
and the generally dissimilar patterns across younger and
older groups with DAS, indicate that children with sus-
pected DAS had essentially the same error targets and
error types as children with SD.

Thus, data in Figure 2 suggest that errors aggre-
gated by natural phonological processes do not differen-
tiate children with suspected DAS from children with
SD. Additional analyses comparing the number of
uncoded substitution and deletion errors in each group
(e.g., initial consonant deletion) also indicated no sta-
tistically significant differences between children with
suspected DAS and children with SD. Perhaps reliable
differences in the speech of children with DAS compared
to children with SD are only apparent at “higher” (i.e.,
more linguistically abstract) or “lower” (i.e., more pho-
netically detailed) levels of the data. The following analy-
ses were undertaken to address potential error target/
type differences at phonemic and subphonemic levels,
using what has been termed traditional substitution or
relational analyses (cf. Stoel-Gammon & Dunn, 1985).

Speech Profile Analysis:
Rationale and Procedure

The two panels in Figure 3 are based on a proce-
dure for profiling speech from conversational samples
described in Shriberg (1993). In each panel, the numeric
section at the top and the larger graphic section below
provide information on the speech status of children with
suspected DAS compared to children with SD. As in Fig-
ures 1 and 2, the top panel (Panel A) includes speech
information for the younger DAS group (Group 1: filled
circles) and the comparison SD group (Group 2: open
circles); the bottom panel (Panel B) includes speech in-
formation for the older DAS group (Group 3: filled
squares) and the comparison SD group (Group 4: open
squares). The consonant sounds in each of the panels in
Figure 3 are divided into groups termed the Early-8
sounds, the Middle-8 sounds, and the Late-8 sounds.
Division of the 24 English consonants into these three
developmental sound classes was based primarily on
breaks in the monotonic trend for a large group of 3- to
6-year-old children with speech delay (Shriberg, 1993;
the younger SD group in this study). As indicated by
the areas demarcated by the dashed lines in the graphic
section, scores for the Early-8 sounds in the reference
children with SD average above 75% correct, for the

Figure 2. Natural phonological process analysis comparisons of
Study I children with suspected DAS and SD (see Figure 1 for
additional panel identification). The abbreviations for processes as
arranged left-to-right in the graphic section are as follows: CRI:
Cluster Reduction-Initial; LSI: Liquid Simplification-Initial; SI:
Stopping-Initial; LSF: Liquid Simplification-Final; CRF: Cluster
Reduction-Final; VFI: Velar Fronting-Initial; PFF: Palatal Fronting-
Final; FCD: Final Consonant Deletion; UD3: Unstressed Syllable
Deletion—3 or more syllables; VFF: Velar Fronting-Final; SF:
Stopping-Final; PFI: Palatal Fronting-Initial; UD2: Unstressed
Syllable Deletion—2 syllables; AR: Assimilation-Regressive; AP:
Assimilation-Progressive.
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Middle-8 sounds average from 25–75% correct, and for
the Late-8 sounds average from 0–25% correct.

The numeric section at the top of Panel A provides
mean and standard deviation data for consonant single-
tons (S), consonant clusters (C), and all consonants (T)
for each of the three developmental sound classes and
across all 24 sounds (Total). Additional panels and sta-
tistical output not shown in Figure 3 provided detailed
information on error types, including information on 45
diacritic-level allophone differences and speech-sound
distortions. These analyses provided the proportion of
error types classified as omissions, substitutions, and
distortions. The error-type percentages for each target
sound and developmental sound class were computed
by using each child’s number of errors as the denomina-
tor, with numerators indicating the number of errors
that were omissions, substitutions, or distortions. Thus,

unlike the process analyses above, the group-level error
type/target analyses to follow are independent of sever-
ity of involvement (i.e., each calculation used each child’s
total number of errors as the denominator, rather than
total number of intended sounds). The rationale and
procedures for all descriptive and inferential statistical
analyses are the same as those described above for the
prosody-voice analysis (Figure 1).

Speech Profiles: Consonant Targets
Younger children with suspected DAS. Beginning

with findings for Figure 3, Panel A, two observations
suggest that the pattern of consonant error targets of
younger children with DAS cannot be used to differen-
tiate children with this suspected disorder from chil-
dren with SD. First, as best shown in the graphic sec-
tion of Panel A, the left-to-right decreasing slopes of the
trends for each group are quite similar. As indicated by
the subtotals (T) for the three developmental sound
classes in the numeric section of this panel, both groups
of children have the highest average percentage correct
on the Early-8 sounds (DAS: 82.3%, SD: 89.5%), the next
highest average percentage correct on the Middle-8
sounds (DAS: 47%, SD: 68.8%), and lowest average per-
centage correct on the Late-8 sounds (DAS: 12.8%, SD:
12.5%). Notice that, although the children with DAS are
generally more involved across all sound classes, the only
comparisons on which these severity differences reach
statistical significance at the .01 level or greater are
within the Middle-8 sound class, for which statistically
significant differences within the numeric section were
obtained for Middle-8 Singletons (S) (DAS: 47.2%, SD:
70.1%, p < .01) and Middle-8 Total (T) (DAS: 47%, SD:
68.8%, p < .01). Only one of the 23 sound-level compari-
sons computed in the graphic section reached signifi-
cance: Children with suspected DAS had significantly
lower percentage correct scores for /t/ (DAS: 52.9%, SD:
70.9%, p < .01).

Speech profile trends similar to those shown in Fig-
ure 3 were also obtained for the five manner features:
nasals, glides, stops, affricates, and liquids. The younger
children with DAS had significantly lower average
scores for stops (DAS: 58.9%, SD: 76.9%, p < .01). The
increased sensitivity of Middle-8 scores on many vari-
ables of interest in child phonology has been discussed
elsewhere (e.g., Shriberg, Gruber, & Kwiatkowski,
1994). Essentially, because all children may have rela-
tively little difficulty articulating Early-8 sounds cor-
rectly and considerable difficulty articulating Late-8
sounds correctly, computations on overall severity
metrics such as the PCC can obscure real between-group
differences at lower levels of the data. Thus, as visibly
apparent in the graphic section of the younger children
comparisons in Figure 3, and as documented by the

Figure 3. Speech Profile: Consonants comparison of Study I
children with suspected DAS and SD (see Figure 1 for additional
panel identification and see text).
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means data in the numeric section, performance of the
two groups is most divergent in the middle section of
the descending trend reflecting consonant mastery of
the Middle-8 sounds.

Using speech profile output similar to the error-tar-
get analyses in Figure 3, error-type analyses were per-
formed comparing the error-type patterns of younger
children with suspected DAS to those obtained for chil-
dren in the younger comparison group. Children with
suspected DAS had proportionally more omission errors
than children with SD. There were significant differ-
ences in the total proportion of omission errors across
all consonant sounds (DAS: 42.1%, SD: 25.4%, p < .01),
for the class of Late-8 sounds (DAS: 38.1%, SD: 17.0%,
p < .01), and individually for the Middle-8 sound /f/ (DAS:
31.6%, SD: 8.7%, p < .01) and the Late-8 sound /z/ (DAS:
72.0%, SD: 13.0%, p < .001). At the feature level, the
fricative errors of younger children with suspected DAS
were significantly more often omissions (DAS: 43.0%,
SD: 16.4%, p < .01) and significantly less often distor-
tions (DAS: 11.0%, SD: 34.5%, p < .01). These data are
also consistent with patterns observed in children with
both normal and delayed speech development, wherein
the error-hierarchy is from omissions, to substitutions,
to distortions. That is, because the younger group of
children with suspected DAS was somewhat more se-
verely involved than the comparison children with SD,
their error-types followed the developmental expecta-
tion of proportionally more omission-type errors, par-
ticularly on the presumably more difficult sounds to
master (i.e., five of the Late-8 sounds are fricatives).
Additional information on the specific types of substitu-
tions and distortions is deferred to later analysis at the
level of individual subjects.

Older children with suspected DAS. The graphic and
numeric data in Figure 3, Panel B, also indicate similar
trends in consonant mastery for the older children with
suspected DAS compared to the group of older children
with SD. There is one statistically significant difference
in the numeric panel indicating that the older children
with suspected DAS had significantly lower percentages
of correct clusters (C) involving Early-8 sounds (DAS:
76.7%, SD 96.2%, p < .01). The only sound-level differ-
ence is that the older children with suspected DAS had
significantly lower mastery of the Early-8 sound /w/
(DAS: 74.0%, SD: 98.5%, p < .001). Findings from the
features profile supported the latter findings, with older
children with suspected DAS having significantly lower
scores on glides (DAS: 78.6%, SD: 97.3%, p < .001).

The error-type analyses for the older groups indi-
cated one statistically significant between-group differ-
ence in the proportion of error types. The glide errors of
older children with suspected DAS were significantly
more frequently distortions (DAS: 83.3%, SD: 6.7%, p <

.01). Calculated as absolute rather than relative errors,
the older children with suspected DAS averaged 16.6%
distortion-type errors on glides, whereas older children
with SD averaged 0.2% glide distortions (p < .001).
Within the two glides, the distortion errors were dis-
tributed across both /w/ and /j/. Additional information
on error types is deferred to the second stage analysis of
individual subjects.

Speech Profiles:
Vowel/Diphthong Targets

The two panels in Figure 4 provide summary in-
formation on the vowel/diphthong articulation of the
younger (Panel A) and older (Panel B) children with
suspected DAS in comparison to children with delayed
speech. The analysis formats and statistical conventions
for these vowel/diphthong data are similar to those
described for Figures 1–3. In the numeric section of each

Figure 4. Speech Profile: Vowels-Diphthongs comparison of Study I
children with suspected DAS and SD (see Figure 1 for additional
panel identification and see text).
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panel, descriptive statistics are aggregated separately
for sounds classed by Height (High, Mid, Low), Place
(Front, Central, Back), the Rhotic vowels (/∏±/, /e/), the
Phonemic Diphthongs (/AI b/, /AÁb/, /OI b/), and across all vow-
els and diphthongs.

Younger children with suspected DAS. Starting with
Panel A, several statistically significant differences in
both the numeric and graphic sections indicated that
the younger children with suspected DAS had lower
average mastery of vowels and diphthongs. As also
shown in Table 4, younger children with suspected DAS
scored significantly lower (by approximately 9%) across
all vowel-diphthong sounds (DAS: 82.1%, SD: 91.4%, p
< .001). Significantly lower percentages were also ob-
tained for vowel/diphthong comparisons summed for the
Mid sounds (DAS: 86.1%, SD: 93.8%, p < .001), Low
sounds (DAS: 80.9%, SD: 95.2%, p < .001), Front sounds
(DAS: 84.0%, SD: 95.0, p < .001), and Back sounds (DAS:
87.8%, SD: 93.1%, p < .01). Also, as shown in the top
panel of Figure 4, the younger children with DAS had
significantly lower average percentages correct for 4 of
the 17 individual vowel/diphthong contrasts that could
be tested: /A/, /I/, /AI b/, and /”/.

Separate error-type analysis profiles were obtained
to inspect the proportion of substitutions and distortions
(omissions were treated as deleted syllables) classified
as clinical and nonclinical vowel/diphthong errors (cf.
Shriberg, 1993, Appendix). There were no statistically
significant differences at the .01 level or less  in the dis-
tribution of error types on vowels/diphthongs. The only
significant finding for this analysis was that the two
younger groups differed significantly on the percentages
of vowel/diphthong sound changes that were classified
as nonclinical differences (i.e., vowel/diphthong changes
that plausibly could have been conditioned by the pho-
netic context). Such differences occurred for 6.3% of the
vowel/diphthong sounds of the younger children with
suspected DAS, and 10.9% of the vowel/diphthong
sounds of younger children with SD (p < .01). Further
inspection of the specific types of distortion errors made
by the younger children with suspected DAS is deferred
for a later series of individual analyses.

Older children with suspected DAS. As shown in
Figure 4, Panel B, there were no statistically significant
differences between the vowel/diphthong mastery com-
parisons of the older children with suspected DAS and
those with SD. Inspection of the error-type data indi-
cated no significant differences in the proportion of er-
rors classified as substitutions or distortions. The two
older groups differed significantly on the percentages of
vowel/diphthong sound changes classified as nonclinical
differences for the central vowel sounds (DAS: 5.3%, SD:
1.4%, p < .01). This is in the opposite direction of the
differences found for the younger group comparison.

Speech Profiles:
Consistency Analysis

As reviewed previously, a cardinal characteristic of
children with suspected DAS is reduced token-to-token
consistency of errors, especially on repeated tokens of
the same word. For the present data, a program was
written to identify the percentage of consistent errors
on all words occurring in the conversational speech
samples. The Speech Profiles framework was used to
provide consistency information at the levels of speech
sounds, developmental consonant sound classes (i.e.,
Early-8, Middle-8, Late-8), consonant and vowel fea-
tures, and overall totals.

Procedure. For each target speech sound, the pro-
gram identified all word types that occurred at least
twice in the sample and in which a target speech sound
was produced incorrectly at least twice. A word type was
defined by the intended target form (e.g., car and cars
are two different word types). An error class was de-
fined at two levels: the phoneme level and the phoneme-
diacritic level. At the phoneme level, an error class was
defined as a deletion or specific substitution for a sound;
diacritic level differences (distortion errors and/or modi-
fications of a substituted sound) were disregarded. For
example, at the phoneme level, [d\D] and [t\D] represent
two error classes, whereas [d9\D] and [d\D] are included in
the same error class (i.e., the devoiced distortion is ig-
nored). At the phoneme-diacritic level, an error class
distinguished diacritic-level differences in substitutions.
At this level, the [d9\D] and [d\D] would represent two dif-
ferent error classes. Per-child error consistency percent-
ages were then computed using the following formula:

Error
Consistency =

Σ Most Frequent Error
Class per Word Type

– Σ Word Types
100

Σ Tokens per Word Type  –  Σ Word Types
x

A specific example at the phoneme level may be helpful.
Consider a brief speech sample, in which a child says
dog three times:

I play with do_
My dod
Take dod out

There is one word type (dog), three tokens of the word
type, two occurrences of the error class d/g and one oc-
currence of the error class _/g (omission of g). The d/g
substitution is the “most frequent error class per word
type.” Assuming these are the only word types that in-
clude the target sound /g/ in the sample, error consis-
tency would be calculated as follows:

Error
Consistency =

2 (Σ d/g substitutions)  –  1 (Σ Word Types)

3 (tokens of dog)  –  1 (Σ Word Types)

=
(2 – 1)
(3 – 1)

=    50%

100x

100x
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This percentage reflects consistency of errors, rather
than inconsistency or diversity of errors. Although some
type of inconsistency or diversity metric would be sensi-
tive to the number of different error classes per word
type, its reliability would be questionable (reflecting as
few as one token of an error class), and it could not be
expressed as a percentage.

Figure 5 includes consonant error consistency data
for phonemes and features. The format of the panels
differs from previous formats. The top panels are the
consonant error consistency data by phonemes for the
younger (Panel A) and older (Panel B) comparisons. The
bottom panels are the consonant error consistency data
by features for the younger (Panel C) and older (Panel
D) comparisons. As with the previous speech profiles,

group-level error consistency percentage data are aver-
aged across members of each group. The numeric pan-
els for the phoneme comparisons (Panels A and B) in-
clude means and standard deviations for the number of
word types (TYP) and the number of tokens per type
(TOK) used to calculate the percentage of consistent
errors (%C). Any significant between-group difference
in the total number of types and/or tokens would sug-
gest a sampling constraint on significant findings for
error consistency. As indicated in the numeric section of
Panel A, there were two such constraints for Middle-8
sounds. Significantly more types and tokens were used
to calculate the consonant error consistency of the
younger group with suspected DAS, compared to the
younger children with SD.

Figure 5. Consonant error consistency comparison of Study I children with suspected DAS and SD. Groups 1 and 2 are the younger
children with suspected DAS and SD, respectively, and Groups 3 and 4 are the older children with suspected DAS and SD, respectively.
Panels A and B are the error consistency data for consonant phonemes and Panels C and D are the error consistency data by consonant
features (see text).
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As indicated in all four panels in Figure 5, there
were no significant between-group differences in error
consistency for consonants as assessed at the level of
individual sounds and as aggregated over total sounds,
three developmental sound classes, two class features,
two voicing features, and five manner features. As indi-
cated in the %C columns of the numeric section of Panel
A, consonant error consistency for younger children was
in the low 80% range (DAS: 83.8%, SD: 82.4%). Conso-
nant error consistency for the older children was ap-
proximately 8-9 percentage points higher (DAS: 91.0%,
SD: 91.6%). Three other sets of error consistency pro-
files assessing vowels, consonants-diacritics, and vow-
els-diacritics also did not yield significant between-group
differences in error consistency. Thus, when appropri-
ately adjusted for number of errors, the error consis-
tency of this sample of younger and older children with
suspected DAS did not differ significantly from the er-
ror consistency of children with developmental phono-
logical disorders of unknown origin.

Summary and Conclusions
As was found in each of the other speech analyses

to this point, the speech-profile analyses have not pointed
to a singular difference between children with suspected
DAS and children with developmental phonological dis-
orders of unknown origin (SD). Although there were
some trends associated with severity of involvement,
neither the error-target analysis nor a number of error-
type analyses, including analysis of error consistency,
yielded a consistent pattern of significant differences.

Methodologically, two possibilities may have attenu-
ated findings in either or both speech analysis series.
First, relative to measures, perhaps the phonological
measures used to define the disorder were not appro-
priate or sufficiently sensitive to the range of expres-
sion of the disorder. None of the analyses have addressed
children’s phonological comprehension, and all analy-
ses were based on perceptual findings, rather than on
acoustic or physiological data. A second possible expla-
nation for the negative findings for speech error pro-
files concerns subjects. Perhaps too few of the 7 younger
and/or 7 older children with suspected DAS were true
positives for this childhood speech disorder. In the fol-
lowing analysis series we divide the group of subjects
with suspected DAS into three subsets and undertake
more detailed analysis of these 14 children’s individual
speech and prosody-voice patterns.

Is Inappropriate Stress a
Diagnostic Marker for DAS?
Rationale and Procedure

The following analyses were prompted by what ap-
peared to be the most promising findings from the

group-level prosody-voice comparisons: In comparison
to the average performance of children with SD, chil-
dren with suspected DAS had significantly lower aver-
age scores on appropriate linguistic stress. The goal of
the analyses was to assess, at the individual child level,
the degree of support for inappropriate stress as a diag-
nostic marker for DAS.

A series of tables was assembled for visual inspec-
tion of subject-level data on each of the variables de-
scribed in the previous sections. Additional information
for each child was obtained from laboratory notes
termed the Transcription Commentary. As described
previously, the entire data set had been transcribed by
consensus by the first and third authors prior to inde-
pendent transcription of all files by the research tran-
scriptionist. Detailed notes and commentary had been
made while transcribing both the conversational speech
data and responses to an articulation test (not reported
in this paper). Together with comments made by the
research transcriptionist and the quantitative data,
these commentaries provided profiles of the speech and
prosody-voice characteristics of each of the 14 children.
Presentation of findings begins with the prosody-voice
data.

Inappropriate Stress as a
Diagnostic Marker for DAS

Table 5 includes relevant information on each child’s
status on stress and the other 6 suprasegmentals. As
indicated in the leftmost column, the 14 children with
suspected DAS are reclassified into three groups—in-
appropriate stress, questionable stress, and appropriate
stress—based on their stress scores from the PVSP in-
strument. With one exception described below, reclassi-
fication of the 14 children with suspected DAS was made
solely on the basis of the summary stress percentages,
ordered from most to least involvement (low to high sum-
mary percentages). The 6 children with inappropriate
stress had stress that is considered a fail on the prosody-
voice screening instrument, with scores below 80% cor-
rect. Of the 8 remaining children, 3 children had ques-
tionable stress, with scores ranging from 80% to less
than 90%, and 4 of the 5 remaining children had appro-
priate stress, with scores of 90% or higher. As shown in
the Age column, the inappropriate stress group included
1 younger child and 5 older children; the questionable
stress group included 2 younger children and 1 older
child, and the appropriate stress group included 3
younger children and 1 older child. Rationale for exclud-
ing Child 2 from all groups will be presented below.

As indicated in Table 5, stress scores for the 6 chil-
dren with inappropriate stress ranged from 4.2% of ut-
terances with appropriate stress for Child 4 to 70.8% of
utterances with appropriate stress for Child 14. In the
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PVSP, inappropriate stress on an utterance meets crite-
ria for one or more of the following codes: PV13:
Multisyllabic Word Stress; PV14: Reduced/Equal Stress;
PV15: Excessive/Equal/Misplaced Stress; or PV16: Mul-
tiple Stress Features. As indicated in the column under
stress titled PV Codes in Table 5, the code most fre-
quently associated with inappropriate stress was PV15:
Excessive/Equal/Misplaced Stress. Three types of inap-
propriate stress are subsumed by this code—excessive/
equal stress, misplaced stress on one or more words
within a phrase, or misplaced stress on one or more words
due to a block or prolongation (criterial behaviors for
each subtype are provided in Shriberg et al., 1990). Ex-
cessive/equal stress was the predominant behavior coded
as inappropriate. As described below, although Child 2’s
score of 0% also met the criteria for inappropriate stress,
her overall prosody-voice pattern met proposed exclu-
sionary criteria for suspected DAS.

The middle data column under stress titled z pro-
vides standard deviation units as an additional index of
children’s status on this variable. The entries in this
column are each child’s z score for stress, calculated from
the mean and standard deviation of the appropriate
younger and older comparison group of children with
SD. As shown in this column, stress z scores for the 6
children in the inappropriate stress group ranged from
–3.2 to –9.3 standard deviations from the mean of their
younger (Child 4) or older (Child 10, 11, 8, 13, 14) com-
parison groups of children with SD. With the exception
of Child 6’s marginal PVSP (80.0%) and z score (–1.2) on
stress and Child 2’s clearly deviant stress score discussed
below, the stress z scores for all other children fell within
one standard deviation of the mean of their comparison
group of children with SD.

Evidence From the Other
Suprasegmentals

Table 5 includes information for the six other
suprasegmentals assessed by the PVSP procedure—
Phrasing, Rate, Loudness, Pitch, Laryngeal Quality, and
Resonance Quality. These data include summary per-
centages, z scores, and code-level information (only for
subjects with scores below one standard deviation unit).
The data were inspected to determine if there were any
additional inclusionary or exclusionary criteria relative
to the possibility of using stress as a diagnostic marker
for DAS. As discussed below, the remaining data in
Table 5 did not suggest the need for any additional con-
siderations relative to the three-way grouping of sub-
jects based on stress findings. Rather, they support the
heterogeneity of prosody-voice profiles that have been
associated with suspected DAS.

Phrasing. Beginning with the phrasing information
in Table 5, 4 of the 14 children (Children 6, 12, 7, 2) had

phrasing scores below one standard deviation unit from
the mean of their comparison group of children with SD.
As indicated in the PV Codes column for phrasing, the
most common subtypes of inappropriate phrasing for
these 4 children were PV2: Sound/Syllable Repetition;
PV3: Word Repetition; and PV5: More Than One Word
Repetition. The high percentage of utterances contain-
ing at least one sound, syllable, or word repetition in
these children likely contributed to the perception of sig-
nificant speech involvement, particularly the sound/syl-
lable repetitions. However, none of the 6 children in the
inappropriate stress group had phrasing scores more
than one standard deviation unit below his or her re-
spective comparison group of children with SD.

Rate. As indicated by their absence in Table 5, z
scores could not be computed for rate because all chil-
dren in both the younger and older comparison groups
of children with SD scored 100% appropriate utterances
on rate (i.e., no variance). Thus, Child 2’s score of only
8.3% utterances with appropriate rate was considered
a significant departure from comparison children, and
from the rate scores of the other 14 children with sus-
pected DAS, particularly the 6 children with inappro-
priate stress. The 6 children with inappropriate stress
had appropriate rates on all or nearly all of their utter-
ances, as did all other children except Child 12 whose
rate was coded PV11: Fast, on over 29% of utterances.
In contrast, nearly all of Child 2’s utterances met crite-
ria for code PV9: Slow Articulation/Pause Time (i.e.,
fewer than two syllables per second). Child 2’s profile of
speech and prosody-voice errors was considered to be
more consistent with dysarthric speech than with
apraxic speech. That is, although deviant rate has been
noted in children with suspected DAS, these data sug-
gest that it is more appropriate to view consistently slow
rate as an exclusionary criterion for suspected DAS
based on inappropriate stress. Additional data for this
child are included below.

Loudness and pitch. Inappropriate loudness and
inappropriate pitch are seldom observed in children with
SD and each was observed in only 1 of the original 14
children with suspected DAS. Child 4, who had inap-
propriate stress, had inappropriate loudness coded PV18:
Loud, on over 66% of his utterances. Child 1, who had
questionable stress, had inappropriate pitch coded as
PV19: Low Pitch/Glottal Fry, on over 33% of his utter-
ances. Thus, neither inappropriate loudness nor inap-
propriate pitch emerged as useful for additional
inclusionary or exclusionary criteria.

Laryngeal quality. Inappropriate laryngeal quality,
typically coded PV24: Rough, is observed frequently in
children with SD (Shriberg & Kwiatkowski, 1994). How-
ever, in the present group of children with suspected
DAS, only Child 4 had a laryngeal quality score that
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was below one standard deviation unit from the com-
parison children with SD. Over 83% of this subject’s ut-
terances were coded PV25: Strained. Thus, inappropri-
ate laryngeal quality was not deemed a relevant
suprasegmental for the present purposes.

Resonance quality. A total of 6 of the 14 children
with suspected DAS had inappropriate resonance qual-
ity scores on the prosody-voice measure, with 5 of these
children having scores below 1 standard deviation unit
from their comparison group of children with SD. As
shown in Table 5, there were three different subtypes of
inappropriate resonance. Child 13 and Child 14 in the
inappropriate stress group were coded PV32: Nasopha-
ryngeal. The Transcription Commentary indicated that
Child 8 in this group was also considered to be border-
line or questionable on every utterance for the “hot po-
tato” percept that characterizes PV32: Nasopharyngeal.
As discussed in Shriberg et al. (1990), this percept is of
enhanced pharyngeal resonance, as occurs when man-
dible and tongue are lowered fully to cool hot food in the
mouth. Child 6 and Child 7 in the questionable and ap-
propriate stress groups, respectively, were coded PV31:
Denasal, and Child 5 in the appropriate stress group
was coded PV30: Nasal. Thus, there was no one reso-
nance pattern that clearly emerged as a possible
inclusionary or exclusionary behavior, although the
unique resonance quality termed nasopharyngeal was
considered of potential interest.

Evidence from the Speech
Characteristics

Table 6 is a summary of the results of the speech
analyses, essentially comparing findings for the 6 chil-
dren with inappropriate stress to findings for the other
8 children with suspected DAS and the younger and
older comparison children with SD. The procedures to
determine z scores were similar to those described for
the data in Table 5.

Stress and severity of involvement. As shown in the
first set of data columns in Table 6, severity of speech
involvement was essentially unrelated to stress status.
This conclusion is based on the observation that within
each of the three stress status groups there are children
with relatively mild to relatively severe speech involve-
ment as indexed by one or more of the five severity
metrics. Put differently, there is no one severity metric
on which all children with inappropriate stress differ
from children with questionable or appropriate stress
or from children in the comparison groups of children
with SD.

Stress and error types. The second analysis series
summarized in Table 6 assessed whether children with
inappropriate stress have a different pattern of speech
error types. Specifically, do they make proportionally

more omission, substitution, or distortion errors than
children with questionable or appropriate stress or chil-
dren with SD? Error types are provided for two sum-
mary-level sets of variables: as aggregated by develop-
mental sound class (Early-8, Middle-8, and Late-8) and
Total, and as grouped by manner features (Nasal, Glide,
Stop, Affricate, Fricative, Liquid). The letters O (Omis-
sion), S (Substitution), and D (Distortion) in each col-
umn indicate that a child’s percentage of this error type
was greater than one standard deviation from the ap-
propriate comparison group of children with SD. Thus,
a letter in a variable column indicates that this error
type (O, S, or D) occurred proportionally more often than
found in the conversational speech of children with SD.

The first error type analysis in Table 6, by develop-
mental sound class, indicates that the error types of
children with inappropriate stress do not differ from
those with SD or children with questionable or appro-
priate stress. There is no one error type—omission, sub-
stitution, or distortion—that occurs more often for all 6
children for either Early-8, Middle-8, or Late-8 sounds.
The closest finding for potential error type patterns in
children with DAS is within the Early-8 sounds where
4 of the 6 children have proportionally more distortion
errors than children with SD. Only one child (Child 12)
of the children with questionable and appropriate stress
has proportionally more distortion errors on the Early-
8 sounds. This finding suggested that distortion errors
on the developmentally “easier” sounds may be the lo-
cus of a speech error-type difference for children with
inappropriate stress. Because the Early-8 sounds include
two of the three nasals (/m/, /n/), the two glides (/j/, /w/),
and three of the six stops (/b/, /d/, /p/), this finding was
important to pursue using a manner features analysis.

The second error-type analysis in Table 6 provides
information at the level of manner features, ordered from
left-to-right in a generally ontogenetic sequence (cf.
Shriberg, 1993). As in the analysis by developmental
sound class, the letters in each cell indicate a relative
error type that was more than one standard deviation
above the mean of the age-appropriate comparison group
of children with SD. The pattern of letters suggested
that distortion of glides was associated with stress sta-
tus, and hence a candidate for a diagnostic marker. All
6 of the children with inappropriate stress also had more
distortions on glides than their same-aged children in
the comparison groups with SD. However, 3 of the 8
children who did not have inappropriate stress also had
proportionally more distortion errors on glides.

In addition to the error-type analyses shown in
Table 6, we inspected individual patterns of substitu-
tions and distortions for each of the 14 children. There
were no substitution patterns or distortion types that
were clearly and uniquely evident in the profiles of the
6 children with inappropriate stress. Specifically, both



Shriberg et al.: DAS: Toward a Diagnostic Marker 305

Journal of Speech, Language, and Hearing Research

Ta
bl

e 
6.

 S
pe

ec
h 

ch
ar

ac
te

ris
tic

s 
of

 c
hi

ld
re

n 
cl

as
si

fie
d 

as
 in

ap
pr

op
ria

te
 s

tre
ss

, q
ue

sti
on

ab
le

 s
tre

ss
, a

nd
 a

pp
ro

pr
ia

te
 s

tre
ss

.

Se
ve

rit
y 

in
di

ce
sa

Er
ro

r 
ty

pe
c

Er
ro

r 
co

ns
is

te
nc

y

PC
C

PC
C-

A
PC

C-
R

PV
C

II
By

 d
ev

el
op

m
en

ta
l s

ou
nd

 c
la

ss
By

 m
an

ne
r 

fe
at

ur
e

PC
Ee

G
ro

up
/

Ea
rly

-
M

id
dl

e-
La

te
-

A
ffr

i-
Fr

ic
a-

Ch
ild

%
zb

%
z

%
z

%
z

%
z

8
8

8
To

ta
l

N
as

al
G

lid
e

St
op

ca
te

tiv
e

Li
qu

id
%

z

In
ap

pr
op

ria
te

 s
tr

es
s

4
44

.6
–2

.2
46

.4
–2

.2
52

.8
–2

.0
86

.7
–1

.3
86

.3
–0

.7
O

O
D

O
O

75
.0

–0
.7

10
82

.6
0.

4
86

.3
–0

.2
91

.0
–0

.4
80

.9
–2

.9
98

.2
0.

3
D

D
D

D
D

D
10

0.
0

0.
8

11
68

.8
–1

.6
71

.0
–3

.1
72

.4
–5

.0
85

.6
–1

.7
89

.8
–3

.7
O

O
D

—
d

O
71

.4
–1

.9
8

87
.2

1.
0

93
.3

1.
1

96
.4

1.
0

83
.5

–2
.3

97
.3

–0
.1

D
D

D
D

D
O

D
S

D
10

0.
0

0.
8

13
80

.5
0.

1
85

.7
–0

.3
87

.9
–1

.1
94

.8
0.

6
91

.7
–2

.8
D

S
D

D
S

88
.9

–0
.3

14
82

.3
0.

3
88

.7
0.

2
92

.1
–0

.1
82

.0
–2

.6
89

.2
–3

.9
D

D
D

D
D

D
—

f
—

f

Q
ue

st
io

na
bl

e 
st

re
ss

6
65

.2
0.

3
66

.7
–0

.3
68

.7
–0

.4
79

.3
–3

.4
79

.6
–1

.5
O

O
D

O
86

.8
0.

4
1

43
.5

–2
.3

43
.8

–2
.5

47
.9

–2
.5

85
.6

–1
.6

66
.8

–3
.2

O
O

S
O

O
O

86
.0

0.
4

9
51

.0
–4

.0
52

.5
–6

.5
55

.4
–9

.3
76

.0
–4

.1
61

.1
–1

7.
3

O
O

O
D

—
d

O
O

85
.5

–0
.6

A
pp

ro
pr

ia
te

 s
tr

es
s

3
52

.9
–1

.2
53

.7
–1

.5
58

.6
–1

.4
75

.9
–4

.3
40

.2
–6

.5
O

O
O

O
O

83
.3

0.
1

5
62

.7
0.

0
66

.5
–0

.3
72

.2
0.

0
83

.5
–2

.2
84

.4
–0

.9
S

S
S

D
71

.4
–1

.1
12

89
.4

1.
3

90
.8

0.
6

92
.5

0.
0

96
.0

0.
9

98
.4

0.
5

D
S

D
D

—
d

S
S

10
0.

0
0.

8
7

76
.1

1.
6

77
.0

0.
8

79
.4

0.
7

81
.3

–2
.8

95
.1

0.
4

S
S

10
0.

0
1.

7

2
51

.9
–1

.3
55

.8
–1

.3
58

.1
–1

.5
82

.4
–2

.5
88

.9
–0

.3
S

O
S

O
84

.0
0.

2

a P
C

C
: P

er
ce

nt
ag

e 
C

on
so

na
nt

s 
C

or
re

ct
; P

C
C

-A
: P

er
ce

nt
ag

e 
C

on
so

na
nt

s 
C

or
re

ct
-A

dj
us

te
d;

 P
C

C
-R

: P
er

ce
nt

ag
e 

C
on

so
na

nt
s 

C
or

re
ct

-R
ev

is
ed

; P
V

C
: P

er
ce

nt
ag

e 
Vo

w
el

s 
C

or
re

ct
; I

I:
In

te
lli

gi
bi

lit
y 

In
de

x
b z

 s
co

re
s 

ar
e 

th
e 

sta
nd

ar
d 

de
vi

at
io

n 
un

its
 a

bo
ve

 a
nd

 b
el

ow
 th

e 
m

ea
ns

 o
f t

he
 y

ou
ng

er
 o

r 
ol

de
r 

co
m

pa
ris

on
 g

ro
up

s 
of

 c
hi

ld
re

n 
w

ith
 S

pe
ec

h 
D

el
ay

 (S
D

).
c T

he
 le

tte
rs

 O
 (O

m
is

si
on

), 
S  

(S
ub

sti
tu

tio
n)

, a
nd

 D
 (D

is
to

rti
on

) i
nd

ic
at

e 
an

 e
rr

or
 ty

pe
 p

er
ce

nt
ag

e 
th

at
 is

 m
or

e 
th

an
 o

ne
 s

ta
nd

ar
d 

de
vi

at
io

n 
ab

ov
e 

th
e 

m
ea

n 
of

 th
at

 e
rr

or
 ty

pe
 b

y 
ch

ild
re

n 
in

 th
e 

yo
un

ge
r

or
 o

ld
er

 c
om

pa
ris

on
 g

ro
up

 w
ith

 S
D

.
d O

m
is

si
on

 e
rr

or
s 

w
er

e 
pr

es
en

t b
ut

, b
ec

au
se

 th
e 

ol
de

r 
co

m
pa

ris
on

 g
ro

up
 w

ith
 S

D
 h

ad
 n

o 
om

is
si

on
 e

rr
or

s,
 th

er
e 

w
as

 n
o 

sta
nd

ar
d 

de
vi

at
io

n.
e P

C
E:

  P
er

ce
nt

ag
e 

C
on

si
ste

nt
 E

rr
or

s
f U

na
bl

e 
to

 c
al

cu
la

te
 d

ue
 to

 s
pe

ec
h 

sa
m

pl
e 

ch
ar

ac
te

ris
tic

s.



306 JSLHR, Volume 40, 286–312, April 1997

Journal of Speech, Language, and Hearing Research

within-class substitutions (e.g., stops for stops) and out-
of-class substitutions (e.g., fricatives for stops) occurred
for all three subgroups within the 14 children with sus-
pected DAS. Moreover, as divided into diacritics reflect-
ing changes (i.e., distortions) of manner, voicing, place,
force, and duration, there were no quantitative or quali-
tative differences in the error types of the 6 children
with inappropriate stress in comparison to children with
questionable or appropriate stress. It should be noted
that these analyses used conservative decision criteria.

The final error-type analyses shown in Table 6 are
the Percentage of Consistent Errors (PCE) scores and z
scores for children in the three stress status groups. As
shown, PCE was not associated with stress status. Of
the 2 children scoring below one standard deviation from
their comparison group of children with SD, one (Child
11) was in the inappropriate stress group and the other
(Child 5) in the appropriate stress group.

Summary
The goal of this study was to attempt to identify,

from analysis of conversational speech samples, at least
one characteristic of children with suspected DAS that
differentiated them from children with speech delay.
What was sought was one or more behaviors that had
construct validity relative to the literature on DAS, and
that also could meet tests of divergent criterion validity
relative to the occurrence of the behavior(s) in appro-
priate comparison groups.

The initial analysis of the 14 children with suspected
DAS using grouped means and standard deviations
suggested that inappropriate stress was the only char-
acteristic that might meet both goals. Inappropriate
stress meets construct validity criteria as being wholly
consistent with the clinical percept of DAS as a term
used for children who “sound different.” Divergent cri-
terion validity support is provided from the many sta-
tistical comparisons of children with DAS to children
with SD, with inappropriate stress the only character-
istic significantly differentiating the two groups.

These data are interpreted as support for a proposal
that inappropriate stress is a diagnostic marker for a
subtype of DAS. Accordingly, only 6 of the 14 children
(43%) with suspected DAS were viewed as true positives
for this subtype, with 3 remaining children (21%) con-
sidered questionable and the other 5 (36%) considered
to not meet this marker criterion. The proposal that in-
appropriate stress is a diagnostic marker for a subtype
of DAS has attractive implications for theory and prac-
tice. The neurodevelopmental correlates of linguistic
stress provide fertile ground for explanatory accounts
and, from an applied perspective, perceptual and instru-
mental measures for sensitive and reliable assessment

of stress can readily be developed. However, before con-
sidering such issues, the external validity of the find-
ings of Study I were assessed in two cross-validation
studies. Findings from an internal validation study are
reported next, with findings for an external cross-vali-
dation study reported in a companion paper (Shriberg
et al., 1997b).

Study II: Internal Cross-Validation
of Stress as a Diagnostic Marker
for DAS

Study II is a retrospective cross-validation study
using a sample of children referred to a phonology clinic
for suspected DAS. The primary goal was to assess the
level of support for inappropriate stress as a diagnostic
marker of DAS. Secondary goals were to follow up on
several other prosody-voice findings and trends from
Study I.

Method
Table 7 provides descriptive information for 20 chil-

dren with suspected DAS. The 20 children include 14
children referred to the University of Wisconsin Pho-
nology Clinic from 1989–1993 (referenced previously in
Shriberg et al., 1997a, Table 1), plus 6 additional chil-
dren with suspected DAS referred to the clinic prior to
1989. The 15 boys and 5 girls ranged in age from 3 years
2 months to 9 years 3 months (M = 6 years 1 month) at
the time the prosody-voice data in Table 7 were gath-
ered. Using 7 years as the dividing point, as in Study I,
the children were divided into 12 younger children with
suspected DAS and 8 older children with suspected DAS.
As shown in Table 7, at the time of the assessment or
intervention report the 20 children had received from
approximately 7 months to as much as 6 years 3 months
of speech-language treatment elsewhere or at the Pho-
nology Clinic.

Conversational speech samples meeting research
criteria were not available for phonetic transcription or
prosody-voice coding for most of these 20 clinic refer-
rals. However, prosody-voice information was available
in the diagnostic and intervention reports completed by
author JK, who completed speech-language assessments
for all 20 children. The extensive diagnostic and inter-
vention reports included summaries of each child’s
speech status, as well as status on each of the seven
prosody-voice suprasegmentals. Although methodology
for the Prosody-Voice Screening Profile (PVSP) proce-
dure was not completed until 1990, prior versions of the
procedure using generally similar response definitions
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to those in Shriberg et al. (1990) had been used for all
diagnostic and intervention reports (cf. Shriberg &
Kwiatkowski, 1982; Shriberg & Widder, 1990; Shriberg
et al., 1986). Based on these case records data, children’s
status on each suprasegmental was trichotomized in the
clinical reports as appropriate, questionable, or inappro-
priate. Intrajudge and interjudge prosody-voice coding
reliability was established during this period using con-
versational speech samples from 28 3- to 19-year-old
children selected from a database of children with nor-
mally developing and delayed speech. At the summative
(i.e., pass/fail) level of judgment, intrajudge and
interjudge agreement (with the first author and the tran-
scriber in Study I) on the seven prosody-voice variables
ranged from point-to-point percentages in the low 70s
to 100% agreement (Shriberg et al., 1992).

Results
The percentages at the bottom of Table 7 summa-

rize the proportion of younger and older children with
suspected DAS coded Appropriate (A), Questionable (Q),
or Inappropriate (I) on each of the prosody-voice vari-
ables. It is efficient to divide the findings for the seven
suprasegmentals in Table 7 into three sets of observa-
tions, beginning with findings for a set of five variables.

Phrasing, Loudness, Pitch, Laryngeal
Quality, and Resonance Quality

The percentage distributions for Phrasing, Loud-
ness, Pitch, Laryngeal Quality, and Resonance Quality

Table 7. Descriptive and prosody-voice data for 20 children with possible or suspected DAS referred to a university phonology clinic in
Madison, Wisconsin.

Prosody-voice statusa

Approximate
Age at amount of treatment Prosody Voice

assessment prior to speech sample Laryngeal Resonance
Child (yrs;mos) Gender (yrs;mos) Phrasing Rate Stress Loudness Pitch quality quality

Younger subgroup

1 3;2 M 1;0 A A A A A A A
2 3;2 M 0;7 CNJ Q (fast) I A A A A
3 4;3 M 1;1 A A A A A A A
4 4;7b M 2;10 A I (slow) I A A A A
5 4;10 M 1;8 I A A A A A A
6c 4;11 F 1;11 A A I Q A I A
7 5;4 F 2;4 A I (slow) I A A A A
8c 5;8 F 1;3 I A I A A I A
9 5;8 M 1;5 A Q (fast) I A A A A

10 6;6 M 3;6 A A I A A A I
11 6;7 M 4;7 I A I A A A A
12 6;11 M 4;11 A A A A A A A

Older subgroup

13 7;0 M 4;0 Q Q (fast) Q A A A A
14 7;1 M 4;1 A I (fast) I A A A Q
15 7;1 M 4;0 A Q (fast) CNJ A A A A
16 7;2 F 1;6 I A A A A A A
17c 7;3 M 3;5 Q A I A A I A
18c 7;5 M 4;5 A Q (fast) A Q A I A
19c 7;9 M 3;2 Q A I I A I A
20c 9;3 F 6;3 A I (slow) Q Q A A A

M 6;1 %Male: 75 %A: 63 55 32 80 100 75 90
SD 1;7 %Female: 25 %Q: 16 25 11 15 0 0 5

%I: 21 20 58 5 0 25 5

aA: Appropriate; Q: Questionable; I: Inappropriate; CNJ: Could Not Judge (due to telegraphic speech or intelligibility deficits).  Inappropriate Rate
entries are indicated as too slow or too fast.
bAlso referred for possible dysfluency.
cReferred prior to 1989.
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as shown in Table 7 are similar to those found in Study
I (see Figure 1) and to findings for children with normal
and delayed speech (Shriberg & Kwiatkowski, 1994,
Table 3). Beginning with the phrasing findings from the
latter reference, 52% of the 71 3- to 5-year-old speech-
normal children had appropriate phrasing and 71% of
the 62 3- to 6-year-old speech-delayed children had ap-
propriate phrasing. In the present study, 63% of the 20
children with suspected DAS had appropriate phrasing,
which falls nearly in between the values for the normal
and speech-delayed children in Shriberg and Kwiatkowski
(1994). As described in the technical references for the
PVSP (Shriberg et al., 1990, 1992), procedures to code
phrasing are sensitive to language processing variables,
and are similar to those used to code mazing (cf. Miller
& Chapman, 1986). Thus, questionable or inappropri-
ate phrasing does not distinguish children with sus-
pected DAS from children with normal speech or from
children with speech delay of unknown origin.

The percentages of children with appropriate loud-
ness (80%), pitch (100%), laryngeal quality (75%), and
resonance quality (90%) in Table 7 are also comparable
to the percentages for normal-speaking and speech-de-
layed children in Shriberg and Kwiatkowski (1994,
Table 3). It should be noted that the ages of the children
in the two groups in Shriberg and Kwiatkowski are com-
parable only to the ages of children in the younger group
in Table 7. However, note that the percentages of chil-
dren with questionable and inappropriate entries for the
five prosody-voice variables are distributed approxi-
mately equally across the younger and older age groups.
Thus, the data in Table 7 suggest that these five prosody-
voice variables are also not useful diagnostic markers
of DAS. Notably, the Study I trend for some children
with suspected DAS to have nasopharyngeal resonance
was not supported in the present data set.

Rate
A second observation regarding the entries in

Table 7 concerns the data for rate. Only 55% of children
met criteria for appropriate rate, with 25% having ques-
tionable rate and 20% having inappropriate rate. Re-
call that, in Study I, 12 of the 14 children (86%) scored
above 80% for rate on the PVSP. The only child in Study
I with significantly slow rate (Child 2) was considered
to have a form of dysarthric speech. Differences in the
percentage of children with questionable and inappro-
priate rate in Study II versus Study I may be associated
with the more well-developed PVSP procedures in Study
I, which require stop-watch verification of syllable rates.
Whatever the reason, it is important to observe the di-
rection of questionable or inappropriate rate, as indi-
cated in parentheses in Table 7. Of the 9 children who
were coded as questionable or inappropriate rate in

Table 7, 3 were too slow and 6 were too fast. Rate differ-
ences were distributed approximately equally across the
younger and older groups, with instances of each rate
difference type in each age group. If rate is eventually
implicated as a marker for DAS, the underlying patho-
genic processes would have to account for speech rates
that are alternatively too slow and too fast.

Stress
The crucial statistics in Table 7 for the present pur-

poses are the percentages of children with suspected
DAS with inappropriate stress in conversational speech.
As shown in Table 7, inappropriate stress was coded for
11 (58%) of the 19 children whose stress could be judged
and questionable stress for an additional 2 children
(11%). In comparison to these findings, only 1.4% of 3-
to 5-year-old normally speaking children and 17.8% of
3- to 6-year-old children with speech delays of unknown
origin (Shriberg & Kwiatkowski, 1994, Table 3) had ei-
ther inappropriate or questionable stress.

Two associated considerations increase the signifi-
cance of the stress findings for Study II. First, as shown
in Table 7, 5 of the 13 children with inappropriate or
questionable stress were in the older subgroup of chil-
dren with suspected DAS. As discussed in the third pa-
per in this series (Shriberg et al., 1997b), one perspec-
tive on inappropriate stress is that it should normalize
with advancing age. Second, the 5 children in this older
subgroup had received many years of treatment by the
time of these reports, ranging from 3 years 2 months to
6 years 3 months. Both advanced age and more exten-
sive intervention experience militate against finding
persisting stress involvement.

Discussion
Before considering some information about linguis-

tic stress that may bear on the present findings, it is
appropriate to address several measurement issues.

Measurement Issues
Sensitivity of Speech and
Prosody-Voice Measures

Both the nonsignificant speech findings in Study I
and the significant stress findings in both Study I and
Study II could be associated with sensitivity of measure-
ment issues at all stages of conversational sampling.
More fine-grained procedures to sample and quantify
children’s knowledge or productive control of English
stress might have yielded stress differences for some to
all of the children with suspected DAS in the three stud-
ies. Moreover, alternative ways to sample consistency



Shriberg et al.: DAS: Toward a Diagnostic Marker 309

Journal of Speech, Language, and Hearing Research

of speech errors might have identified more inconsis-
tency or variability in children with suspected DAS.
Until the present findings are cross-validated using
other measurement approaches, the possibility of sen-
sitivity constraints or Type II measurement errors rep-
resent a potential threat to the internal validity of find-
ings. However, several considerations support the
adequacy of the sampling and data reduction procedures
used in the present studies.

First, conversational speech sampling has optimum
face validity for the questions asked about speech er-
rors and phrasal stress (see later discussions of stress).
Although minimally directed conversation may not fully
press children’s speech and prosody-voice capability,
appropriately obtained conversational samples have
been documented to be sensitive to the presence of clini-
cally significant deficits in verbal communication
(Morrison & Shriberg, 1992; Shriberg & Kwiatkowski,
1985).

Second, although physiologic or acoustic data may
offer increased sensitivity to articulatory or spectral
characteristics of speech and prosody-voice, the narrow
phonetic transcription and prosody-voice coding proce-
dures used in the present study were developed ex-
pressly for fine-grained analysis of children’s speech.
As discussed in the third paper in this series, more sen-
sitive measurement procedures using controlled linguis-
tic stimuli, acoustically aided transcription procedures,
and alternative phonological analyses might maximize
the sensitivity of assessment procedures to inconsis-
tent speech production and inappropriate stress. How-
ever, given the individual and total sample sizes in these
two studies, the measurement procedures used in the
present studies are viewed as having sufficient sensi-
tivity to support the descriptive-explanatory discussions
to follow.

Specificity of Speech and
Prosody-Voice Measures

A second measurement issue is whether the inap-
propriate stress findings for some children with sus-
pected DAS are veridical reflections of only the stress
domain. If the procedure used to assess stress lacks
specificity, stress deficits may actually reflect involve-
ments in other domains, with consequent implications
for interpretation of findings. Specificity issues concern
the response definitions used for utterances coded as
PV15: Excessive/Equal Stress, which was the most fre-
quent source of inappropriate stress in the three stud-
ies. Support for the specificity of the stress findings is
based on the following two considerations.

First, the possibility of confounds between phono-
logic-morphosyntactic levels and prosodic-vocal levels
was directly addressed at each stage of the development

of the prosody-voice screening instrument (Shriberg et
al., 1990, 1992). For the stress domain, it was antici-
pated that coding criteria needed to be developed to dif-
ferentiate utterances coded PV15 from utterances in
which stress was appropriate. For example, children
with frequent final consonant deletions, numerous
disfluencies, erratic phrasing, or morphosyntactic defi-
cits yielding “telegraphic” speech might be falsely per-
ceived as having excessive and/or equal stress. To pre-
vent such confounds in assessing segmental and
suprasegmental levels of phonology, a table of instruc-
tions requires the prosody-voice coder to attend to the
frequency, duration, and intensity of vowels, and to ob-
serve coarticulatory phenomena at word boundaries.
Training exemplars and other instructional examples
in the audio-training series for this instrument contrast
utterances from children with excessive/equal stress
with utterances from children with impoverished pho-
netic inventories, frequent final consonant deletion, fre-
quent repetitions, revisions, and other phrasing irregu-
larities, but normal phrasal stress.

A second consideration supporting the specificity of
the stress findings is that PV15: Excessive/Equal Stress
was observed in children who, on inspection, had fully
complete phonetic inventories, age-appropriate syntax,
and low percentages of final consonant deletion. For
example, the stress differences noted in the children with
suspected DAS in the older groups included children
whose PCC scores were in the high 80s. Thus, (a) stress
was measured with procedures that ensured orthogo-
nality between stress deficits and all other segmental
and suprasegmental domains, and (b) stress deficits were
observed in children at all levels of severity of speech
involvement.

From these perspectives, the stress data in the
present study are considered to have been obtained by
measures with adequate sensitivity and specificity. Ad-
ditional comment on measurement issues is deferred to
the final paper in this series.

Inappropriate Linguistic Stress
Summary of Findings

The present studies used a three-domain system of
stress marking to assess children’s stress in conversa-
tional speech: (a) lexical stress—stressing and destress-
ing appropriate syllables in a word, (b) phrasal (or
sentential) stress—stressing and destressing syllables
and words according to their morphological and syntac-
tic function in a phrase, and (c) emphatic stress—stress-
ing and destressing syllables and words for meaning and
emotive functions. Based on utterance-by-utterance per-
ceptual coding, inappropriate phrasal stress was found
in 43% (6/14) of the children with suspected DAS in
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Study I, and 58% (11/19) of the children with suspected
DAS in Study II. In comparison, inappropriate stress
was observed in only 10% of two large groups of chil-
dren with normal speech or speech delay. For some of
the children with suspected DAS, instances of inappro-
priate lexical stress were also informally observed on
articulation test responses not included in this paper.

The crucial observation about the stress findings is
that the type of inappropriate phrasal stress observed
most often met criteria for Prosody-Voice Code 15: Ex-
cessive/Equal Stress, as defined in the perceptual sys-
tem to assess prosody-voice (Shriberg et al., 1990). Al-
though the response definitions for PV Code 15 do not
require the excessive, exaggerated prosody termed
hyperprosody by Monrad-Krohn (1963), the criteria for
the code are entirely consistent with the three
“dysprosodic patterns” noted by Kent and Rosenbek
(1983) to characterize adult AOS: articulatory prolon-
gations, syllable segregation, and lengthening of nor-
mally unstressed vowels.

More generally, inappropriate stress of the two types
found in the present studies—inappropriate lexical
stress and inappropriate phrasal stress—are widely at-
tested findings in studies of adults with AOS. For ex-
ample, Odell, McNeil, Rosenbek, and Hunter (1990)
found that syllabic stress errors at the single-word pro-
duction level were characteristic of their adult subjects
with AOS, but not subjects with conduction aphasia.
Square-Storer, Darley, and Sommers (1988) character-
ize adults with AOS as having monotonous, effortful
speech with equal stress and poor volume control. Kent
and Rosenbek (1983) noted that a key prosodic feature
in their adult subjects was failure to destress unstressed
syllables and function words such as “the,” “in,” “on,”
and “was.” They noted that these speakers produced a
flattened intensity envelope across sequences of syllables
that normally would be both stressed and unstressed.
Wertz, LaPointe, and Rosenbek (1984) note that adults
with AOS “sound like they give each syllable in their
utterances equal stress” (p. 70). McNeil and Kent (1990),
summarizing findings in adult AOS (and Broca apha-
sia), note that “…syllable relief tends toward temporal
regularity and amplitude uniformity….These acoustic
features should correlate with neutralization of stress
pattern and dysrhythmia, that is, with dysprosody” (p.
364).

Stress deficits have also been amply documented as
evident in children with suspected DAS from their ear-
liest to latest periods of speech acquisition. Tate’s (1991)
description of early stress deficits in three infants later
considered to have DAS is instructional. All three chil-
dren were “quiet” babies whose vocalizations were re-
portedly limited in character and length. Early vocal-
izations appeared not to be “shaped” by adults around

them. Rather, the infants had “flat” intonations that did
not improve with increases in phonetic inventory. The
classic study of older children with suspected DAS by
Yoss and Darley (1974) reported that these children’s
spontaneous speech had a “measured effect…with a ten-
dency toward equalization of stress” (p. 412). Robin, Hall,
Jordan, and Gordan (1991) found that the stress differ-
ences of children with suspected DAS included changes
in all three parameters of the speech wave (i.e., fre-
quency, amplitude, and duration). Colson (1988) found
reduced stressed-unstressed vowel duration ratios for
three children with suspected DAS. These and many
other studies suggest that, as with adult AOS, children
with suspected DAS have primary difficulty destressing
unstressed syllables, yielding a pattern characterized
as lacking prosodic contrast. However, this pattern does
not always include the vowel prolongations, excessive
loudness, and long pauses reported for adults with AOS,
although Shuster, Ruscello, and Haines (1989) report
“articulatory prolongation, syllable segregation, and
longer segment durations” (p. 10) in a 15-year-old child
with suspected DAS studied acoustically.

Summary and Conclusions
The findings for Study I and Study II are viewed as

supporting a conclusion that inappropriate stress may
be a diagnostic marker for developmental apraxia of
speech. Using inappropriate stress as a candidate diag-
nostic marker, the true positive rate for the 20 children
referred for suspected DAS in Study II would be 58%,
but the false positive rate would be approximately 42%
(with rounding differences). These figures are within 15
percentage points of those found in Study I, which found
approximately 43% true positives. Due to the relatively
small sample sizes in Studies I and II, the 15-point dif-
ference in true positive rates could reflect differences in
classification assignments for as few as 2–3 children.

Several design limitations diminish the value of
Study II as a cross-validation of Study I. From a mea-
surement perspective, evaluation of prosody-voice was
completed by a clinician-researcher who in all cases was
aware of the suspicion of DAS, and who completed the
evaluation using a prior version of the prosody-voice
procedure. From a demographic perspective, the 20 chil-
dren referred for a concern about or suspected DAS were
all obtained from the same geographic area, reflecting
the referral concerns of clinicians in one midwestern
community. And most importantly, in Study II there
were no speech data available for close examination.
The following paper reports a study designed to address
these internal and external validity concerns, followed
by a consideration of theoretical, research, and clinical
issues.
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