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The vowel lengthening exaggeration effect
in speakers with apraxia of speech:
compensation, artifact, or primary deficit?

MARGARET A.ROGERS
University of Washington, Seattle, WA, USA

Abstract

Vowel duration functions contrastively in English to signal the voicing feature
of syllable-final stop consonants. This study examines three hypotheses
posited to explain why speakers with apraxia of speech and a concomitant
aphasia exhibit an exaggerated vowel lengthening effect relative to speakers
with dysarthria, aphasia without apraxia and controls. The investigation
addresses the hypotheses that the vowel lengthening exaggeration effect is
attributable to: (1) a compensatory strategy, (2) an artifact of slow speaking
rate, (3) the concomitant language impairment, or (4) a primary deficit
reflecting the underlying nature of the apraxia disorder. The results do not
support the first three of these hypotheses. It is hypothesized that the temporal
measures most likely to reveal abnormalities which are uniquely characteristic
of speakers with apraxia of speech are those which are relational in nature,
either with respect to inter-articulator timing or contrastive durations.

Introduction

Apraxia of speech (AOS) is a difficult disorder to define objectively, to diagnose
accurately with exclusive criteria, and to quantify satisfactorily in terms of clinical
severity. However, the notion that the disorder entails disturbed motor pro-
gramming for speech production resulting in impaired articulation and prosody
has garnered support (e.g. Kent and Rosenbek 1983, McNeil and Kent 1990).
There is also some consensus that AOS is distinct from dysarthria (although some
similarities with ataxic dysarthria have been discussed, e.g. Kent and Rosenbek
1982) and even though it usually manifests with a concomitant aphasia, AOS is
certainly not a necessary feature of aphasia. According to Lebrun ef4/. (1973), AOS
“stands between true aphasia and genuine dysarthria’. There are many reasons why
empirically based definitions, diagnostic criteria, and indices of severity have not
been firmly established, but central to the vatiety of potential explanations are two
overriding problems. The first stems from the difficulty of studying AOS in a
distilled manner, isolated from the confounding effects that a disrupted language
system unavoidably introduces, perhaps regardless of the nature of the dependent
variable being examined. The second problem concetns the difficulty of
disambiguating the primary deficits of the disorder (i.e. those behaviours directly
stemming from the impairment itself), from compensatory behaviours. Ap-
propriate methods designed to partial out the contribution of the apraxic
component from the language impairment and compensatory modifications are
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needed in order to increase our understanding of the nature of AOS. Resolution of
this problem is viewed as a precursory step in the endeavour to develop more
exacting definitions, diagnostic criteria, and severity indices for AOS. Additionally,
it is anticipated that more precise specification of AOS along these lines may enable
improved utilization of persons with AOS to further research concerning speech
motor control. This paper describes a method that has the potential to help
circumvent both of the aforementioned problems, and also contributes to our
understanding of how speakers with AOS implement phonologically driven
durational contrasts.

Vowel durations produced in polysyllabic words and phrases by speakers with
AOS have generally been characterized as being longer than those produced by
normal speakers (Baum ez a/. 1990, Collins ez /. 1983, Kent and Rosenbeck 1983,
Ryals 1981, Strand 1987). Kent and Rosenbek (1983) reported that speakers with
AOS exhibit slower than normal speaking rates with prolonged transitions,
segment durations, steady states, interword pauses, and the insertion of inter-
syllabic pauses. Johns and Datley (1970) reported that speakers with AOS
acknowledged that they were attempting to slow down. Darley e# a/. (1975) posit
that the decreased speaking rate occurs ‘in compensation for the continuing
articulation difficulty’ (p. 262). Other authors have suggested that temporal
slowing is not compensatory, but rather reflects the nature of the disorder and
should be considered a primary deficit of AOS. Baum ez a/. (1990) hypothesized that
the longer vowel durations produced by speakers with AOS might be attributed to
a general slowness of articulation. However, DiSimoni and Darley (1977) found
that /p/ transition durations in one speaker with AOS were faster than normal in
the intrasyllabic position. Robin ez /. (1989) studied the velocity of the lower lip
in five speakers with AOS and found that these speakers were all able to generate
high peak articulatory velocities, regardless of the perceptual adequacy of the
tokens. McNeil ez a/. (1986) reported that even though speakers with AOS
produced longer vowel durations, peak velocities of their lip and jaw movements
were similar to those produced by normal-speaking subjects. This evidence was
interpreted to suggest that the longer vowel durations produced by speakers with
AOS are not due to a generalized slowing of articulatory movements. Even though
the articulatory movements of individuals with AOS were found to be within
normal limits, McNeil e a/. posited that the decreased speaking rate may be a direct
consequence of the primary deficit in that they attributed the slowness to a
disturbance of spatiotemporal motor programming, not to compensation.

Rogers ¢f al. (1996) investigated whether the vowel prolongation noted among
persons with AOS could be attributed to the disordeted speaker’s attempt to
monitor vowel accuracy (i.e. as a compensatory strategy). Vowel durations
obtained under conditions of white noise masking were compared to those
obtained under normal listening conditions in order to ascertain whether the
speakers with AOS would continue to prolong the steady states even when on-line
monitoring of target vowel accuracy was no longer possible via the auditory
modality. Since vowel durations increased under the masking condition for both
the normal and AOS groups, the authors concluded that the vowel prolongation
phenomenon is unlikely to be a consequence of compensatory attempts to monitor
auditory information.

An unexpected finding was reported by Rogers e# al. (1994) concerning the
degree of vowel lengthening produced by speakers with AOS to signal the voicing
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Figure 1. Ratios of vowel durations from voiced and voiceless post-vocalic contexts for normal
speakers and speakers with apraxia of speech and a concomitant aphasia. (Rogers ez a/. 1994.)
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Figure 2. Ratios of vowel durations from voiced and voiceless post-vocalic contexts from one

normal speaker, one speaker with apraxia of speech, and one speaker with aphasia. (Data
derived from Caligiuri and Till 1983).

contrast of syllable-final stop consonants. In their study, participants produced
CVC minimal pairs which differed in terms of the voicing feature of the post-
vocalic consonant (e.g. [bvd] and [bVt]). In English, the voicing feature of the
post-vocalic consonant determines the relative length of a vowel as noted by the
following phonological rule:

V-V:/__C
[ + voice]

Thus, a vowel preceding a voiced consonant is relatively longer than when it
precedes its voiceless counterpart with the same manner and place of articulation
(Houseand Fairbanks 1953, Umeda 1975). Investigators have found that differences
in vowel duration signalling the voicing contrast of syllable-final stop consonants
are generally preserved in speakers with AOS and/or aphasia (Freeman e a/. 1978,
Caligiuri and Till 1983, Duffy and Gawle 1984, Baum e# a/. 1990). This finding has
been interpreted to support the notion that AOS is not a phonological or linguistic
deficit since compliance with this rule should indicate intact abilities at the level of
phonological encoding. The unexpected finding reported by Rogers et al. (1994)
was that speakers with AOS and a concomitant aphasia exaggerate the vowel
lengthening rule relative to the durational differences obtained from the normal
controls (see Figure 1). While this finding has not been explicitly reported
clsewhere, the data reported by Caligiuri and Till (1983) were examined in light of
this question, and also show an exaggeration effect for their patient with AOS (see
Figure 2).!

The present study addresses the issue of whether the exaggeration of the vowel
lengthening effect preceding voiced final stops in speakers with AOS is: (1)
attributable to compensation, (2) a simple artifact of slow speaking rate, (3)
attributable to the concomitant language impairment, or (4) whether it reflects the
nature of the underlying impairment stemming from the apraxic or the aphasic
component of this typically mixed disorder. In order to test these possible

' Tt is also interesting to note that Ryalls (1986) reported that the “motor aphasic’ speakers in this
study exaggerated the durational difference between tense and lax vowels.
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explanations, vowel duration measurements were obtained using three minimal
pairs of words in which only the voicing feature of the final consonant differed. The
dependent variable employed was the ratio of the vowel durations (RVD) obtained
from the voiced (V+) and voiceless (V—) final consonant word pairs (i.e.
RVD = V+ /V—). Four groups of subjects participated in this experiment:
subjects with dysarthria (DA), subjects with aphasia but without AOS (APH),
subjects with AOS and a concomitant aphasia (AOS), and control subjects with
normal speech (CON). The following experimental questions were addressed.

Is there a significant difference among the four groups relative to ratio of the
vowel durations (RVD) obtained from voiced and voiceless post-vocalic contexts?
If there is, then the analysis will be directed to address the following:

1. Do speakers with AOS exaggerate the vowel lengthening effect?

2. Do relative differences in speaking rate among the groups predict the respective
RVDs of each group? (In other words, do speakers with dysarthria and slow
speaking rates also exhibit exaggerated RVDs? Are exaggerated RVDs simply
an artifact of slow speaking rates?)

3. Do individuals with reduced intelligibility exaggerate the vowel lengthening
effect? (In other words, is exaggerated vowel lengthening attributable to an
individual’s attempt to compensate for decreased speech intelligibility ?)

4. Do subjects with aphasia but without AOS also exhibit exaggerated vowel
lengthening? (In other words, is there a significant RVD difference between the
two groups of subjects with aphasia? Is exaggerated vowel lengthening
attributable to the apraxic component of the mixed motor speech and language
disorder, or do the aphasic subjects without apraxia also exaggerate RVDs
thereby, increasing the likelihood that it is the language impairment which
accounts for the exaggerated vowel lengthening effect observed in the subjects
with both aphasia and AOS?)

Method
Subjects

Seventeen subjects participated: three with aphasia but no evidence of AOS
(APH); four with AOS and aphasia (AOS); four with dysarthria (DA); and six
subjects with normal speech and no history of speech, language or neurological
problems (CON). Descriptive information concerning the ages, dialect, diagnoses,
and time post-onset of the subjects are listed in Table 1. Table 2 displays selected
test results obtained from the subjects with dysarthria, aphasia, and AOS. Subjects
were classified as ‘aphasic’ based on the presence of language impairments in the
areas of auditory comprehension and verbal expression. All the individuals
comprising the purely ‘aphasic’ and the ‘ AOS with aphasia’ groups exhibited a
non-fluent aphasia with respect to phrase length and low-frequency usage of
function words. The purely ‘aphasic’ subjects did not exhibit signs of AOS, such
as laboured difficulty in articulation or an inconsistent pattern of phonemic errors
across multiple attempts to articulate the same target. The presence of a
concomitant dysarthria was ruled out for both groups of subjects with aphasia
based on structural and functional oral mechanism examinations. Subjects were
classified as ‘apraxic’ based on convergent diagnoses of AOS by three ASHA-
certified speech—language pathologists and the presence of laboured difficulty in
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articulation, and an error inconsistency across multiple attempts to articulate the
same target. Subject selection for the APH group was also guided by the intention
to have the severity of the language impairment match closely with that of the AOS
group. The test of auditory comprehension employed, the Shortened Version of
the Token Test (DeRenzi and Faglioni 1978), reveals that this goal was not entirely
achieved. The AOS group’s scores range from 10 to 21-5, while the APH group’s
scores range from 18 to 33. In general, subjects from both groups are classified as
mildly to moderately impaired, as none of the subjects fell into a severely impaired
category.

The subjects with dysarthria were selected based on the following criteria: (1)
having at least a 1-year history of dysarthria (to ensure adequate time to develop
compensatory behaviours); (2) exhibiting a slow rate of speech; and (3)
intelligibility compromised but no mote than moderately impaired. Slow speaking
rate was determined by subjective judgement and later confirmed by acoustic
analyses of steady-state durations. Moderately impaired intelligibility was de-
termined by either the Speech Severity Index of the Amyotrophic Lateral Sclerosis
Scale or by subjective ratings of intelligibility during spontaneous speaking
contexts performed by two speech-language pathologists. The normal controls
were selected based on their ages and regional dialect. All subjects were right-
handed and had at least 12 years of education.

Stimuli and procedure

A set of six target words (bet, bed, bat, bad, butt, and bud) were produced in the
carrier phrase ‘Say __ for me’ until a total of five accurate productions were
obtained for each word. The carrier phrase and target words were presented in
written form on index cards and ordered so that each consecutive target contained
a different vowel from the previous production. Subjects were instructed to speak
as naturally as possible and were asked to repeat the target if it sounded unnatural
or was perceived by the experimenter as erred. Only those productions which were
judged to be phonemically accurate and sounded natural were used in the analyses.

Audio-recordings were obtained using a high-quality headset microphone
(AKG C410) positioned 15 cm from the right corner of the subject’s mouth in a
quiet room. The speech samples were recorded by a Sony DAT (TDC-D10 Pro II)
and later digitized at 22 kHz sampling rate and digitally filtered at 11k using the
IBM M-Audio Capture and Playback Adapter into CSpeech (Milenkovic 1994).

Temporal measures of vowel duration were obtained using both the time
waveform and wideband spectrograms to determine the onset and offset of
periodicity. The initial and final striation which spanned across both the second and
third formants of the vowel segment in the spectrogram served to demarcate the
boundaries. Fifteen per cent of the tokens from each subject wete remeasured in
order to assess the reliability of the measurement procedure.

Results
Sample excclusion

It was deemed necessary to exclude certain productions from the analysis either
because they were perceptually incorrect or due to the perception that they did not
sound natural. Specifically, two of the control subjects, (subjects 14 and 16) tended
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Table 3. Absolute vowel durations (ms) from voiced and voiceless
post-vacalic contexts

Final consonant Control ~ Aphasic ~ Dysarthric  Apraxic

Voiced context 172 178 291 227
SD 51 55 ’ 92 56

Voiceless context 131 137 221 158
SD 33 34 65 45

to over-articulate during the initial segment of the experiment. They were
instructed to ‘speak more naturally’ and were both able to resume a speaking style
that was judged to sound more natural. Only those productions that were recorded
after they had ceased over-articulating were used in the analysis. All three of the
disordered groups produced tokens that were judged to be incorrect. However, the
percentage of erred productions relative to the number of total correct productions
analysed was relatively low for each group (AOS: 8/90 = 8%; APH: 6/120 =
5%; DYS: 13/120 = 11%). Only natural-sounding and perceptually correct
productions were used in the analysis, in order to maintain as much consistency as
possible in the quality of the productions across the four groups of subjects.

Absolute vowel durations

Reliability of the measurement procedure was tested by comparing two
experimenters’ vowel duration measurements made on 15% of each subject’s
productions. Inter-observer reliability was assessed using Pearson’s correlation
coefficients. Overall, the reliability was found to be high across all groups (r >
0-974). The largest differences between observers was 6:6 ms and no single subject
or group mean difference yielded a Pearson’s correlation coefficient under r >
0-962.

The results of the absolute vowel duration comparisons by groups showed that
the DA group produced significantly longer vowels than all the other groups. The
AOS group was significantly slower that the APH and CON groups, but there was
no significant difference between the APH and CON groups. All comparisons were
conducted using ANOVA (p < 0-05) and Bonferroni post-boc procedures. The
absolute vowel durations by groups are displayed in Table 3.

Ratios of vowel duration

The mean ratios of vowel duration (RVD) are displayed in Table 4 by group across
the three sets of minimal pairs. The ratios were calculated by dividing the vowel
durations from the final voiceless context into their voiced counterpart. The pairs
were established based on the order in which the tokens were produced, such that
the first /e/ word was paired with the first production of its minimal pair
counterpart. Ratio means were then calculated by collapsing across all productions
for each paired comparison within subjects. Lastly, the group ratio means were
calculated by collapsing across subjects within groups. The ratios of vowel
duration for each minimal pair are displayed in Figure 3 by group.

To determine whether the RVDs differed among the groups or by minimal pairs,
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Table 4. Ratios of vowel duration by minimal pair set and group

Stimulus pair Control Aphasic Dysarthric Apraxic
Bad/bat
Mean 1-340 1-262 1-356 1-433
SEM 0-038 0:056 0-022 0-081
Bed/bet
Mean 1-248 1-271 1:264 1462
SEM 0-035 0-035 0-038 0-115
Bud/butt
Mean 1-369 1-351 1:321 1-451
SEM 0072 0-:089 0-038 0-089
Collapsed across tokens
Mean 1-31 1:30 132 1-44
SD 025 0-15 0-25 0-28

. Apraxic & Aphasic

Ratio of Vowel Durations (RVD)

=]

bad/bat bect bud/butt

Figure 3. Ratios of vowel durations from voiced and voiceless post-vocalic contexts for each of
three minimal pairs by group.

:

TETY py T poy FET] puy P

£ 300

&

% 200 7
= B voiced

i) 0l

z 100

> [C] voiceless

0
Control Aphasic  Dysarthric  Apraxic

Figure 4. Mean absolute vowel durations from the voiced and voiceless post-vocalic contexts by
group. The mean ratios of vowel durations for each group are also displayed in the boxes.

a two-factor analysis of variance (one between, one within) was performed. There
was no significant main effect for the minimal pairs (F(2,156) = 1-26; p = 0-29).
The main effect for group was significant (F(3,156) = 27-31 ; p < 0:001), with no
significant interaction (F(6,156) = 1'48; p = 0:19). The minimal pairs were then
collapsed and the results were subjected to Bonferroni post-hoc procedures and
included six pairwise comparisons. The analysis revealed that the AOS group
exhibited significantly greater RVD values than all the other groups and there were
no other significant differences. The mean overall RVDs are listed by group in
Table 4. Figure 4 shows this same data graphically.
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Conclusions

The finding that only the AOS group exhibited greater than normal RVD values
is interpreted to support the hypothesis that the vowel lengthening exaggeration
effect stems from the underlying motoric impairment in AOS. This interpretation
is arrived at by a process of elimination in which three alternative hypotheses
concerning the genesis of exaggerated vowel lengthening in speakers with AOS
were tested: (1) that the exaggeration is secondary to compensation; (2) it is simply
an artifact of slow speaking rate; and (3) that it stems from the concomitant
language impairment.

Since vowel length is a contrastive cue, which signals voicing in syllable-final
stops, it is conceivable that exaggerated durational differences could provide a
compensatory modification. The finding that the RVD values of the DA group
were not significantly different from the CON group suggests that the DA subjects
did not exaggerate contrastive vowel durations to compensate for diminished
intelligibility. However, the hypothesis that the greater RVD values of the AOS
group are attributable to compensation still remains a logical possibility in that the
nature of compensatory behaviours may vary across disorders based on the source
of the speech disruption. Shinn e 4/. (1985) investigated the saliency of syllable-
duration effects for the perception of the (b—w) contrast and concluded that the role
of context-dependent cues, such as vowel duration, in speech perception may be
overestimated. This suggestion brings into question the extent to which listeners
use vowel duration cues to distinguish between cognates. Thus, while it is not
possible, based on the current data, to reject the hypothesis that speakers with AOS
compensatorily exaggerate the vowel lengthening contrast, the hypothesis would
be severely weakened to the extent that listeners are found not to use these cues.
Further research is required to determine the perceptual saliency of the vowel
lengthening effect, especially within ranges such as those produced by the speakers
with AOS in this study.

A similar argument is made relative to the artifact of slow speaking rate
hypothesis. Since the RVD values from the slowest group (DA) were within
normal limits, the exaggeration effect is unlikely to be a simple artifact of slow
speaking rate.

The finding that only the AOS group, and not the APH group, exhibited
significantly greater RVD values than the CON group suggests that the
exaggeration effect more likely stems from the apraxia deficit itself than from the
concomitant impairments in the language domain. It is argued that the results of
this study support the hypothesis that while the phonological rule is clearly
preserved in these subjects with AOS and aphasia, implementation of the rule is
affected by the motoric impairment, and not the impaired language component of
this mixed disorder.

Discussion

In general, the study of AOS has been constrained by the availability of patients
exhibiting the pure form of this disorder (i.e. one that is uncontaminated by the
concomitant presence of a language impairment). The present investigation
attempted to not only discover the underlying cause of the exaggerated vowel
lengthening observed in the productions of the three patients with AOS and
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aphasia, but also to apply a research design which has the potential to allow AOS
to be studied even in the context of a concomitant aphasia. This study entailed a
comparison of four groups of subjects in order to disambiguate the separate
contributions of slow speaking rate, reduced intelligibility (and the subsequent
modifications to compensate), and the concomitant language impairment from the
effects of the motoric impairment. The primary group of interest consisted of three
individuals whose most salient problem was judged to be AOS, yet all three of
these subjects also exhibited a concomitant aphasia. The comparison of the subjects
with dysarthria allowed the contribution of slow speaking rate and compensatory
modifications for decreased intelligibility to be examined. Since the dysarthric
group exhibited vowel duration ratios similar to the normal control group, it was
concluded that neither slow speaking rate nor attempts to compensate for
decreased intelligibility appear to be sufficient conditions to cause contrastive
vowel lengthening to become exaggerated. The comparison of the subjects with
aphasia (but without AOS) allowed the contribution of the language impairment
to be tested. In the final analysis it is argued that neither dysarthria nor aphasia
appears to create sufficient conditions to cause a speaker to exaggerate vowel
lengthening in the voiced post-vocalic context. This finding suggests that temporal
measures designed to examine relative timing (such as the duration ratios obtained
from minimally contrastive phonemic contexts), appear to be sensitive to the
motoric impairment in speakers with AOS, but not to the deficits arising from
dysarthria or aphasia.

Other temporal parameters of speech have been reported to be abnormally
produced by speakers with AOS. Some of these studies have examined the abso/ute
durations of various temporal parameters produced by subjects with AOS and
typically compared these to age- and gender-matched controls. For example,
absolute durations have been reported for consonant and vowel durations (e.g.
Baum ez a/. 1990, Collins ez a/. 1983, Kent and Rosenbek 1983, Seddoh ez a/. 19906).
In general these studies have demonstrated that the durations produced by speakers
with AOS tend to be longer and more variable in comparison to the productions
of the normal speakers. However, measures of absolute durations have not
successfully differentiated the speakers with AOS from other disordered popu-
lations. For example, Seddoh ez a/. (1996) reported that the group of speakers with
conduction aphasia and the group of speakers with AOS both tended to produce
longer than normal vowel durations, but that they did not differ significantly from
one another, except that the token-to-token variability was much greater for the
speakers with AOS. On the other hand, measures that reflect temporal coordination
among articulators, and are therefore considered to be measures of relative timing,
did exhibit sensitivity to the differences between conduction aphasia and AOS (e.g.
stop gap durations). In the present study the variable that differentiated the
individuals with AOS from the other impaired speakers was a different kind of
relative timing measure. The comparison of vowel lengths in minimally contrastive
phonemic contexts does not reflect coordination among articulators, but does
reflect the implementation of relative timing that is prescribed by the phonemic
context. It is hypothesized that the temporal measures most likely to reveal
abnormalities which are uniquely characteristic of speakers with AOS are those
which are relational in nature, either with respect to inter-articulator timing or
contrastive durations. Accordingly, measurements of relative timing, whether
based on inter-articulator coordination or contrastive durations. mav have the
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potential to be a differentially sensitive measures of AOS, and therefore might be
useful for improving the diagnostic accuracy as well as the sensitivity and reliability
of the severity measures employed to assess and study patients with AOS.

The preliminary nature of this study, and the small number of subjects within
each group, warrant a rather tentative explication of the conclusions. Whether
most individuals with apraxia of speech exaggerate contrastive durations, such as
the vowel lengthening rule, is an empirical question that needs to be followed up.
The question of why speakers with AOS may exaggerate contrastive durations is
entirely a matter of speculation at this point in time. However, even though the
conclusions that can be drawn from the present investigation are tentative, the
method employed is one that clearly has merit and potential. Given the rarity of
cases presenting with a singular disorder of pure apraxia of speech, a method which
may allow the apraxic component to be studied, even when accompanied by other
concomitant impairments, should be viewed as a creative solution worth pursuing.
The method presented arguably permits examination of how other concomitant
impairments and accompanying compensatory modifications are contributing to
the outcome of interest. The results of this investigation suggest that exaggeration
of the vowel lengthening rule exhibited by the three individuals with AOS and a
concomitant aphasia is not likely to be the consequence of slow speaking rate,
compensatory modifications, or a consequence of the coexisting language
impairment. Ruling these alternatives out is a preliminary, but important, step
in understanding the effects that a disruption of motor programming has on
speech production. :
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