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Abstract

Single word speech intelligibility was evaluated in three groups: aphasia with
apraxia of speech, aphasia with no apraxia of speech, and normal controls.
Intelligibility was significantly lower in the two aphasic groups compared with
the normal group and intelligibility did not differ significantly between the
aphasia and apraxia of speech and the aphasia only groups. Seventy per cent of
the speakers with apraxia of speech obtained intelligibility scores below the
normal range and 80 % of the speakers with aphasia only obtained intelligibility
scores within the normal range. There was a moderate, but statistically non-
significant, correlation between intelligibility and severity of apraxia of speech
on an eight-point rating scale.

Introduction

Speech intelligibility, or the degree to which a speaker’s utterances are understood
by listeners, has become an important concept in speech—language pathology.
Considerable attention has been given to the assessment of speech intelligibility in
a variety of conditions that affect a person’s speech production abilities, including
heating impairment (Osberger 1992), developmental phonological and articulation
disorders (Kent ez a/. 1994), and dysarthria (Yorkston e al. 1992). Two basic
strategies for quantifying intelligibility are available. The first is to have listeners
make an overall estimate of how well a speaker can be understood and then assign
this estimate to a level on a numerical rating scale. Another approach is to obtain
a score experimentally by presenting a number of words or sentences produced by
a speaker to a panel of listeners, having the listeners indicate what they think the
intended utterances were, and then calculating the proportion of utterances that
were understood. In compatison, the experimental approach is the most objectively
defined and probably the most reliable of the two.

Although it is well recognized that speech produced by patients with apraxia of
speech is perceived as containing numerous atticulatory errors (Johns and Darley
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1970, Odell ez a/. 1990) and despite the widespread use of intelligibility measures in
other speech production disorders, intelligibility testing has not typically been
reported in the literature for patients with apraxia of speech. A few studies report
the use of a rating scale (e.g. Seddoh ¢ a/. 1996). However, to our knowledge, there
have been no systematic attempts to examine the intelligibility of speech produced
by apraxic speakers. One of the greatest potentials for speech intelligibility
assessment in apraxia of speech is as an objective, functional, and reliable measure
of overall degree of speech involvement. Such a tool would be of substantial
clinical importance in the management of patients with apraxia of speech as a
change measure and as one form of severity indicator.

The present investigation was conducted to examine speech intelligibility in a
clinical population of patients with coexisting aphasia and apraxia of speech (A-
AOS).! We also wanted to compare the intelligibility of these individuals to that of
aphasic subjects without apraxia of speech. There are a number of ways in which
aphasia by itself may affect speech production. For example, word retrieval
difficulties and phonemic as well as verbal paraphasic errors could all potentially
compromise speech intelligibility. By including a comparison group of subjects
with aphasia only, it was possible to address whether or not speech intelligibility is
more compromised in aphasia with a coexisting apraxia of speech than in aphasia
alone.

A number of issues must be considered when selecting a testing procedure for
intelligibility. For example, decisions must be made regarding what type of speech
material (e.g. single words vs. phrases), listening task (e.g. multiple choice vs.
orthographic transcription), and listening context (e.g. presence vs. absence of
semantic/syntactic cues) to use. Another important factor that requires attention is
how to ensute experimental control, so that similar test conditions are provided for
all speakers while, at the same time, listener learning effects are minimized. Because
of the language problems of the populations of interest in this study, we elected to
use single words instead of sentences. It was out intention thereby to limit the
influence of potentially confounding problems with memory and syntax pro-
cessing. In regard to word length, there are some potential advantages with
multisyllabic words in that they are probably more likely to elicit incorrect
productions than are monosyllabic words. Several clinical and transcription
reports indicate that the frequency of errors in patients with A-AOS increases with
increasing word length (Gandour ¢? a/. 1993, Johns and Darley 1970, Wertz e? al.

1 Among persons with apraxia of speech, there are a small number of cases that present with no or
very minimal coexisting language involvement. The terms ‘pure apraxia of speech’ (Square ef al.
1982) and ‘aphemia’ (McNeil ez a/. 1997, Pellat ¢f a/. 1991, Schiff ez al. 1983) have been used to refer
to patients with these symptoms. Careful examination and experimentation using subjects with pure
apraxia of speech is of considerable theoretical interest. Such an approach has great potential for the
development of models of speech production and for a better understanding of brain—behaviour
relationship regarding higher level speech programming. However, the speech characteristics in
patients with pure apraxia of speech are not necessarily the same as those of patients with A-AOS. In
this latter group, speech production may be affected by motor impairment, linguistic impairment, ot
both. It is reasonable therefore to expect that the resulting speech in A-AOS may differ somewhat
from that of pure apraxia of speech as well as from that of aphasia without apraxia of speech.
Similarly, with regard to errors affecting individual speech segments, we must assume potential
involvement at both linguistic and motor levels. We do not yet have a sufficient understanding of
normal and abnormal speech production to allow a separation of ‘apraxic’ from ‘phonemic
paraphasic’ errors in the speech of these patients with coexisting aphasia and apraxia of speech.
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1984). Thus, error sensitivity may be higher in a multisyllabic than in a
monosyllabic intelligibility test. On the other hand, multisyllabic words pose a
greater challenge for experimental control than do monosyllabic words. For
example, it is not possible to use the same set of multisyllabic words for all speakers
due to listener learning effects. In contrast, one of the advantages with monosyllabic
wotds is that they are easily confused with other monosyllabic words, particularly
if minimally contrasting words are used. Thus, the risk that listeners will memorize
the target words upon hearing repetitions of the same word list is reduced. A
monosyllabic intelligibility test developed for dysarthria patients (Kent ¢z al. 1989)
served our purposes well. This test also has the advantage of including 2 broad
range of phonetic contrasts, which makes it potentially sensitive to a variety of
error patterns, as we might expect to find in A-AOS.

Thus, using the Kent er a/. (1989) protocol, we compared single word
intelligibility in speakers with A-AOS, speakers with aphasia only, and normal
controls. Four questions were asked:

(1) Can intelligibility be tested reliably in patients with A-AOS?

(2) Is the speech in speakers with A-AOS significantly less intelligible than in
speakers with aphasia only and in normal speakers?

(3) What is the relationship between single word intelligibility and aphasia
severity?

(4) What is the relationship between single word intelligibility and overall
apraxia of speech severity as estimated with a traditional, eight-point rating
scale?

Methods
Subjects

Data were collected from three groups of subjects. There were 10 patients
diagnosed with A-AOS, 10 patients diagnosed with aphasia without apraxia of
speech, and 10 age-matched normal controls. All subjects were native speakers of
American English. They had no structural vocal tract abnormalities that could
potentially compromise articulation. Please refer to table 1 for a general summary
of subject characteristics.

Subjects with aphasia and /or apraxia of speech were referred by speech—language
pathologists and neurologists in the region. Patients who expressed an interest in
participating were contacted by telephone or through an appointment scheduled in
conjunction with their regular therapy. The aetiology was restricted to a
cerebrovascular accident (CVA), as confirmed by a review of the patient’s medical
record. All patients were at least 3 months post-onset of the CV A at the time of the
recording in order to ensure that they were relatively stable neurologically (Culton
1969). Aside from the speech and language sequelae of the CVA, none of the
patients exhibited other symptoms of central or peripheral nervous system
pathologies (e.g. dementia, dysphagia). Four of the patients (two in the aphasia
group and two in the A-AOS group) had suffered more than one CVA. In these
patients, time post-onset was calculated from the most recent event.

Patients who were referred to the study, and agreed to participate, completed
speech and language testing in order to determine their appropriate diagnosis and
to ensure that they met selection criteria. The aphasia quotient subtests of the
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Western Aphasia Battery (WAB) (Kertesz 1982) were given in order to estimate the
severity of aphasia and, if possible, classify the aphasia type. The spontaneous
speech portion of the testing was audio-recorded and reviewed after the session by
the examiner to ensure accurate scoring. As indicated in table 1, the mean aphasia
quotients (AQ) were similar across the two patient groups: 74-8 for the subjects
with A-AOS and 778 for the aphasic subjects. Mean aphasia quotient in the normal
group was 994 and all normal subjects scored above the 93-8 cut-off point for
aphasia on the WAB. One subject in the A-AOS group and two subjects in the
aphasia group scored above the cut-off point. All of these subjects considered
themselves to have aphasia. They described their difficulties as primarily involving
reading and writing and word finding. It was also the clinical judgements of the
first and second authors that these patients had aphasia. In the standardization of
the WAB, Kertesz (1979) noted that several patients who presented clinically with
a mild aphasia did score above the 93:8 AQ cut-off point for normal performance.
According to the WAB criteria, five A-AOS subjects were classified as having
Broca’s aphasia, four were classified as anomic, and one classified as conduction.
Four aphasic speakers were classified as having Wernicke’s aphasia, one classified
as conduction, two classified as anomic, and three were unclassifiable.

A Motor Speech Evaluation (Wertz e# al. 1984, pp. 99-102) was conducted. This
examination was audio-recorded and reviewed by three certified speech—language
pathologists, each of whom had over 20 years experience in the differential
diagnosis of neurogenic communication disorders. A traditional eight-point rating
scale from zero to seven was used to evaluate both dysarthria and apraxia of speech
(Collins e# a/. 1983, Hoit-Dalgaard ez a/. 1983). On this scale, zero represented no
impairment and seven represented severe impairment. The scale levels between the
two end-points were not described further. In order to receive an apraxia of speech

diagnosis, the patient was required to present the following speech characteristics
(Kent and Rosenbek 1983, Wertz ef a/. 1984):

(1) effortful speech with attempts to self-correct,

(2) frequent articulatory errors, such as substitutions, distortions, omissions,
additions, and repetitions,

(3) articulatory variability across repeated productions of the same utterance,
and

(4) abnormal prosody.

These criteria were developed and have long been used to identify apraxia of speech
in patients who, like our subjects, had a coexisting aphasia. Based on observations
of patients with apraxia of speech and minimal language involvement, McNeil and
colleagues (McNeil e /. 1997) have proposed a different set of criteria that, in
several respects, contrast with these classic criteria. For example, it is suggested
that patients with apraxia of speech are less variable and more consistent in their
sound substitutions than patients with aphasia and no apraxia of speech (e.g.
conduction aphasia). However, the applicability of symptoms observed in pure
forms of apraxia of speech to the more complex clinical situation of coexistingaphasia
and apraxia of speech has not been established and may not be straightforward.
Therefore, we elected to use classic, clinical criteria as the basis for our diagnosis.

The three clinicians met for an initial session of observer calibration. During this
session, the rating scale was presented and the clinicians discussed which general
criteria to use for assignment of different scale levels. Audio-recorded motor speech




720 K. L. Haley et al.

evaluations of two patients who did not participate in the study (one diagnosed
with aphasia and one with aphasia and apraxia of speech) were presented for
practice scoring. Following this initial calibration, the three clinicians met during
three separate sessions to rate motor speech characteristics of the subjects. Patient
and normal subjects were presented in random order during each session and the
clinicians were blind to the probable group assignment of each speaker. The
clinicians first listened jointly to the audio-recorded motor speech evaluation of
each subject. They then independently rated the severity of apraxia of speech and
dysarthria, discussed their impressions, and arrived at an agreement about
appropriate ratings of both disorders. Inter-observer agreement was calculated on
the basis of each clinician’s independent rating prior to the group discussion. Initial
agreement across all three clinicians in terms of presence or absence of apraxia of
speech was 75 % for the 20 patient subjects and 100 % for the 10 normal subjects.
For 100 % of the patient subjects, there was agreement among at least two of the
clinicians about the presence or absence of apraxia of speech. All three clinicians
agreed on the severity rating within one scale level for 60 % of the speakers with
apraxia of speech and at least two of the clinicians agreed within one scale level for
100 % of these speakers. Following group discussion, a consensus about apraxia of
speech diagnosis and severity was obtained for all speakers.

All speakers were required to show no or minimal dysarthria. This was
operationally defined as a severity rating no higher than two. Although it might
have been of theoretical interest to use a stricter criterion and exclude from the
sample all subjects with any signs of potentially coexisting dysarthria, we opted
not to do so in order to protect the external validity of the study. In our experience,
the majority of patients with A-AOS also have a coexisting mild dysarthria and
frequently a right facial hemiparesis. This, of course, is not surprising, given what
is known regarding the site of lesion for apraxia of speech. Lesions typically
involve posterior—inferior regions of the left frontal lobe in the vicinity of primary
motor cortex for the lower face and articulators (Dronkers 1996, Kushner e al.
1987, Pellat e# al. 1991, Schiff ef al. 1983, Sugishita ez 2/. 1987). On the basis of
independent ratings, all three clinicians agreed that the criterion of no or minimal
dysarthria was met for 100% of the normal subjects and 90% of the patient
subjects. According to group consensus, all subjects showed no or minimal
dysarthria. As indicated in table 1, no subjects in the aphasia only or the normal
groups, but most speakers in the A-AOS group, were judged to have minimal
dysarthria, thus confirming our clinical impression of a close association between
apraxia of speech and minimal dysarthria.

Normal subjects were recruited by word of mouth. They were friends of the
investigators, staff at Vanderbilt University and the Nashville VA Medical Center,
and former patticipants in other research projects at these institutions. All normal
subjects showed no evidence and reported no history of neurological pathology.
They reported no current or previous speech or language problem. The same tests
were administered to the normal subjects as to the patient subjects in order to verify
that their speech and language abilities were within normal limits. An effort was
made to obtain age, gender, and dialect distributions that approximated those of
the patient groups. The mean age for the normal subjects was 62:0 years, which is
comparable to 565 for the A-AOS group and 562 for the aphasia group. The
gender distribution was six males to four females for both the A-AOS group and
the normal group. However, there was a shortage of referrals of female aphasia
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subjects. Thus, the gender distribution in the aphasia group was nine males to one
female. As the basis for regional dialect classification a three-category system was
used (Southern, General American, and New England). Assignment was based on

lace of residence during childhood and adolescence, patient’s own characterization
of his/her speech prior to the stroke, and the impressions of the first author. These
three criteria were in agreement in all cases but one. One of the normal speakers
grew up in the South, but according to herself and the first author used a General
American dialect. Therefore, she was assigned to this dialect. The dialect
distribution was five Southern to five General American for the normal group and
the A-AOS group and eight Southern to two General American for the aphasia
group. No subject was classified as using a New England dialect.

Finally, hearing status was evaluated to ensure that the subjects were able to
petceive accurately the words presented for repetition in the experimental task.
Twenty-seven of the subjects did not wear hearing aids and did not report reduced
hearing acuity. They all passed 2 hearing screening at 40 dB HL in the better ear for
the frequencies 1000 and 2000 Hz. This procedure has been recommended for
identifying hearing impairment in subjects who are 65 years of age or older
(Lichtenstein e a/. 1988, Ventry and Weinstein 1983). Three subjects (one with A-
AOS, A-AOS7, and two with aphasia, APH5 and APH?7) regularly used bilateral
hearing aids. Their medical records indicated the presence of bilateral high
frequency sensorineural hearing loss, characteristic of presbycusis. Two of these
subjects wore their aids during the recording. One of the aphasic subjects (APH5)
forgot to bring her hearing aids to the recording session and instead used a
Williams Sound Pocket Talker personal amplifier that adjusted the speech of the
experimenter to a comfortable hearing level. All subjects indicated that they had no
trouble hearing what the experimenter said.

Speech samples

Audio-recordings were made in a sound-treated IAC booth. The instrumentation
included a high quality reel-to-reel tape recorder (Tascam 22-2) and head-mounted
microphone with a constant microphone-to-mouth distance (AKG C410). The
productions were digitized from the audiotape and stored on a 486 Gateway 2000
personal computer. The sampling rate was 22 kHz with a low-pass filtering at
10 kHz. Quantization was set at 12 bits.

Single words were printed on white 5” x 87 (125 x 205 mm) index cards. An
experimenter read these cards and presented them to the subject, one at a time. The
subjects were instructed to repeat the words with a normal voice and loudness
level. Care was taken to provide sufficient response time. Subjects were allowed to
self-correct and these corrections as well as other complete or partial attempts were
considered part of each target word. However, there were no prompts to improve
accuracy of production. Because subject recruitment and speech sampling took
place over the course of several months, it was necessary to use three different
experimenters to complete the recordings. All were female graduate students in
speech—language pathology, in their 20s, and from the south-eastern region of the
United States. They were native speakers of English with no known speech or
hearing impairment. Each experimenter elicited productions from both normal and
patient subjects. The first author was present during all recordings to operate the
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recording equipment and to ensure that similar instructions and procedures were
used with all subjects.

The subjects were asked to produce 100 single words from a published
intelligibility test (Kent ez /. 1989). All words were monosyllabic and often
minimally different from each other. Each subject produced the same set of 70
target words from the multiple choice version of the test. In addition, 30
phonetically similar words were recorded prior to the intelligibility words. The
phonetically similar words were randomly selected for each subject from the foils
used in the test. Thus, these words formed a unique set for each speaker and served
as dummy words to reduce learning effects during the perceptual testing. The 30
dummy words were produced first in random order. Next, the 70 intelligibility
words were recorded. These words were randomized once and produced in the
same random order by all subjects. A second production of the intelligibility words
was obtained from all speakers in order to determine test—retest reliability. This
occurred on the same day as the first production, following a lunch break and/or
a session of speech recordings that were not part of the present investigation.
During this second recording, the 70 intelligibility words were elicited again, along
with 30 new dummy words.

Intelligibility testing

The words were presented to 30 normal listeners for identification. The mean age
of these listeners was 31 years and there was an approximately equal distribution
across male and female subjects. Half of the subjects had some prior phonetic
training as students of speech and hearing science. Of these, five were
speech—language pathologists and therefore had some experience in neurogenic
communication disorders. Phonetically trained listeners and speech—language
pathologists were distributed equally across listening conditions. All listeners
demonstrated normal hearing on the basis of a pure-tone screening at 20 dB HL for
the octave frequencies between 500 and 4000 Hz. The testing was conducted in a
sound-treated IAC booth with the words presented over headphones at a
comfortable listening level of approximately 80 dB SPL. One speaker at a time was
presented, with the 70 intelligibility words and 30 dummy words mixed and
randomized separately for each speaker. Self-corrections and repeated partial and
complete attempts at the target word were included in the presented utterances, as
long as they were not separated by more than one second. The listeners were told
that they would hear single words produced by several speakers and that some of
the speakers had suffered a stroke. They were instructed to write down each word
they thought the person was trying to say and to guess if they were not sure.
Listeners controlled the onset of each stimulus by pressing a button but were only
able to listen to each stimulus once. The average testing time for each listener was
about 90 minutes. However, because each listener was able to control the rate of
presentation, there was some variation among individual listeners. In order to
minimize fatigue, the listeners were required to take at least one break during the
testing and encouraged to take additional breaks whenever they wanted.

The listeners were divided into three groups with 10 listeners in each group.
Each listener transcribed productions from 10 speakers distributed across the three
speaker groups. Additionally, productions from two speakers were randomly
selected for each listener group to be presented a second time in order to estimate
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intra-observer reliability. Retest productions from two other speakers were also
included in the transcription process in order to estimate test—retest reliability.
Thus, across all listeners combined, there were 12 reliability repetitions: six to
measure intra-observer reliability and six to measure test-retest reliability. The
intra-observer and test—retest reliability presentations were mixed and randomized
with the experimental presentations, with the only exception that at least two
speakers were presented between the repeated presentations.

Including all experimental and reliability presentations, each listener transcribed
2 total of 1400 words. Because the same set of words was used for all speakers, five
strategies were adopted to minimize learning effects and their potential influence on
the intelligibility scores:

(1) Eachlistener transcribed the sample only 14 times (experimental productions
from 10 speakers and reliability productions from four speakers).

(2) The order of the words was randomized separately for each speaker.

(3) In addition to the 70 words for the intelligibility test, 30 dummy words that
were phonetically similar to several of the target words and unique for each
speaker were presented.

(4) Listeners were informed that many of the words were minimally different
from each other in terms of their phonemic content.

(5) For each listening group, the speakers were presented in five different
random orders.

An overall intelligibility score was calculated as the number of correctly
transcribed words divided by the total number of words. The dummy words were
disregarded in this calculation. Homophones, such as ‘new’ and ‘knew’ and
‘write’ and right” were considered interchangeable, and minor spelling errors that
did not change the phonemic form of the utterance were scored as correct. The
mean score for a given speaker across the 10 listeners served as the dependent
variable for intelligibility.

Results
Reliability

Three types of reliability were estimated: inter-observer, intra-observer, and
test—retest reliability. Inter-observer agreement is reported in table 2. As the first
measure, average intra-speaker standard deviation was obtained. This was done by
calculating the standard deviation across listeners for each speaker (see table 4) and
then computing the mean across all speakers in the group. The average standard
deviation ranged from 2:90 in the normal group to 462 in the A-AOS group. As
an additional measure of inter-observer reliability, the percentage of individual
observations that were within 5 and 10 percentage points of the listener group
mean was calculated. As is shown in table 2, at least 75 % of all observations were
within 5 percentage points of the listener group mean for each of the speaker
groups.

As a measure of intra-observer reliability, the Pearson product moment
correlation was calculated between the experimental and the reliability obser-
vations. This correlation was 0-95. The mean score for the experimental
observations was 84% and for the repeated observations 85%. As expected, a
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Table 2. Inter-observer reliability for the three speaker groups and
for all speakers combined

Group Intelligibility ~ Average SD  Within 10%  Within 5%
Normal 95-2 2:90 99 91
A-AOS 738 462 97 75
Aphasia 854 3-38 97 91
All 84-8 363 98 86

Table entries indicate mean intelligibility score, average intra-speaker
standard deviation, and percentage of individual observations that were
within 5 and 10 percentage points of the listener mean.

Table 3. Intra-observer and test—retest reliability for the three speaker groups and for all
groups combined

Intra-observer reliability (r = 0-95) Test—retest reliability (r = 0-98)
Group Within 10 % Within 5% Within 10 % Within 5 %
Normal 100 95 100 95
A-AOS 90 70 100 55
Aphasia 100 100 100 90
Mean 97 88 100 80

Table entries indicate percentage of observations for which the overall scores of the experimental and
repeated observations corresponded within 5 and 10 percentage points. The Pearson product
moment correlation between experimental and repeated presentations are shown in parenthesis for
each type of reliability.

paired #-test showed that this difference was not significant. The percentage of
observations for which the overall scores of the experimental and repeated
presentations corresponded within 5 and 10 percentage points was calculated. As
indicated in table 3, the original and repeated scores were within 5 percentage
points of each other at least 70% of the time for each of the speaker groups.
Moreover, the mean intelligibility scores across all 10 listeners were within two
percentage points for five of the six speakers used to calculate intra-observer
reliability and within 5 percentage points for all six of these speakers.

Test—retest reliability was also estimated by computing the Pearson product
moment correlation between the scores of the test and retest presentations. This
correlation was 0-98. The mean score for the primary observation was 84:2% and
for the repeated observation 84-0 %. A paired #-test showed that this difference was
not significant. All test—retest scores were within 10 percentage points of each
other across the speaker groups, and scotes were within 5 percentage points for at
least 90 % of the normal and aphasia only speakers (see table 3). However, only
55% of the observations were within 5 percentage points of each other for the A-
AOS speakers. The mean scores across the 10 listeners were within two percentage
points for all of the six test—retest presentations.

Group differences

The performance of the three speaker groups is shown in figure 1. The percentage
of intelligible words was lowest (M = 73-8) and most variable (SD = 16-5) in the
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Table 4. Intelligibility scores for individual speakers

Speaker Intelligibility Speaker Intelligibility Speaker  Intelligibility
NOR1 97-5 (1-96) A-AOS1 39:4 (6-87) APH1 710 (7-26)
NOR2 97-0 (2-16) A-AOS2 851 (4:09) APH2 88-6 (2-55)
NOR3 965 (2:63) A-AOS3 774 (363) APH3 89-3 (2:87)
NOR4 97-8 (2:78) A-AOS4 90-2 (2:70) APH4 88-2 (3-76)
NORS5 939 (3-28) A-AOS5 92:4 (2-76) APHS5 61:0 (3:97)
NOR6 885 (6°31) A-AOS6 70:9 (7-84) APHG6 881 (3:72)
NOR7 96:0 (1-76) A-AOS7 664 (4:14) APH7 936 (237)
NORS 94-7 (2-58) A-AOSS 894 (4-14) APHS 888 (2-78)
NORY9 977 271) A-AOS9 627 (5-44) APH9 91-3 (2-06)
NOR10 92-3 (279) A-AOS10 639 (4-58) APHI10 93-8 (2:48)

NOR = normal, A-AOS = aphasia and apraxia of speech, APH = aphasia only. Standard deviations
across the 10 listeners are listed in parentheses.
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Figure 1. Single word intelligibility (per cent) for the three speaker groups. Bars represent standard
deviations.

A-AOS group, intermediate in the aphasia group (M = 854, SD = 10-7), and
highest (M = 952) and least variable (SD = 3-0) in the normal group. The
Kruskal-Wallis test revealed a significant overall difference [y T?(2) = 1624, p <
0-0005] among the group means. Follow-up analyses showed significant differences
between the normal group and the aphasia group (U = 80, p < 0-005) and between
the normal group and the A-AOS group (U =40, p < 0:001), whereas the
difference between the aphasia and A-AOS groups was not significant.

In order to evaluate the validity of impaired speech intelligibility as a feature of
A-AOS and aphasia, the scores for individual speakers were examined. These
values are listed in table 4 and plotted in figure 2 for further illustration. As can be
seen, there is relatively limited overlap between the intelligibility scores of the
normal and the A-AOS groups. Seven of the 10 speakers with A-AOS obtained
intelligibility scores below the lowest normal score. There was no straightforward



796 K. L.. Haley et al.

100
! : 1
.
80 + .
F : '
£ 607 g
4
[ ]
s
3
L 407 J
(]
&
20 T
0
Normal A-AOS Aphasia
Speaker group

Figure 2. Single word intelligibility (per cent) for individual speakers across the three groups.

relationship between intelligibility and aphasia type or severity. The Pearson
product moment correlation between intelligibility scores and the Aphasia
Quotient on the WAB was close to zero (r = 0-06) for these subjects with A-AOS.
The most as well as the least intelligible subjects included both patients with
Broca’s aphasia and patients with anomic aphasia. There also did not seem to be a
clear correlation between presence/absence of minimal dysarthria and intel-
ligibility. Although the limited sample size precludes any definite conclusions, the
observed patterns indicate that A-AOS typically is associated with reduced speech
intelligibility, at least as measured on a test of single word production.

In contrast to the relatively clear difference between the normal and A-AOS
speakers, there was substantial overlap in intelligibility scores between the aphasia
group and both the normal and the A-AOS groups. Eight of the 10 aphasic
speakers obtained intelligibility scores within the range of the normal speakers and
the remaining two (APH1 and APHS5) obtained scores that were in the mid to
lower range of performance of the A-AOS subjects. This heterogeneity reflects
what we expect to find in the general aphasic patient population. Different patients
show different patterns of impairment; production difficulties affect accuracy of
articulation more in some patients than in others (Blumstein 1973, Halpern e# a/.
1976). The two patients that scored the lowest on the intelligibility test also
obtained Aphasia Quotient scores that were in the lower range for the group. One
was diagnosed with Wernicke’s aphasia and the other with conduction aphasia.
Subjectively, these two patients produced a greater number of speech sound
substitutions during the speech and language evaluation than most other subjects
in the aphasia group. The Pearson product moment correlation between
intelligibility scores and Aphasia Quotient for the aphasic group was moderate (r
= 0-57) and approached (p < 0-10), but did not reach, statistical significance.
Taken together, the results thus indicate that some patients who have aphasia
without A-AOS present with reduced speech intelligibility of single word
production, whereas many others produce speech of normal intelligibility.

In order to examine the degree of association between the intelligibility testing
and perceived overall severity of A-AQOS, the Pearson product moment correlation
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was computed between intelligibility scores and A-AOS severity ratings in the A-
AOS group. The correlation was moderate (» = —0-58) and approached, but did
ot reach, statistical significance (» < 0-10). Inspection of the data for individual
subjects supports this limited correlation. Although the subject that was rated as
most severe obtained the lowest intelligibility score and the subject rated as the
mildest received the highest intelligibility score, there was also quite a bit of
variability within given severity levels. For example, among the five speakers that
were assigned a severity score of 4, intelligibility ranged from 63 % to 90 %.

Discussion

The data provide answers to each of our questions. First, at least on the basis of the
relatively limited number of reliability repetitions we were able to present in the
present investigation, it appears that intelligibility testing can be conducted reliably
for speakers with A-AOS and speakers with aphasia. However, whereas judge
reliability was acceptable for both groups, test—retest reliability was more
questionable for A-AOS speakers. We found that test—retest reliability was poor
for individual listeners’ transcriptions of speech produced by speakers with A-
AOS. Again, the number of subjects on which the reliability data are based was
limited and probably should be interpreted with some caution. It was reassuring
that test-retest reliability for the listening group as a whole was quite good. It will
be important in future research to verify the observed reliability levels across a
greater number of speakers and listeners. Particularly needed are complete
reliability data that include several speakers with A-AOS and aphasia. Reliability
data for listening groups as a whole are also needed, since intelligibility scores
typically reflect averages across such a group, rather than scores from individual
listeners. Finally, more detailed test-retest information is particularly needed for
speakers with moderate to low intelligibility, where inconsistency may be a special
problem.

Second, both A-AOS and aphasia are associated with reduced levels of single
word intelligibility. This type of intelligibility assessment seems to be particularly
sensitive to speech deviations in the A-AOS population, where the majority of
speakers obtained scores well below the normal range. On the average, there was
no difference between the level of intelligibility in A-AOS and the level of
intelligibility in aphasia. However, it should be noted that our data showed that
speech intelligibility among patients with aphasia and no coexisting apraxia of
speech is quite variable, with some patients performing within the normal range
and others having substantially reduced intelligibility. Subjectively, it was the
patients that presented with the greatest frequency of phonemic paraphasic errors
that were the least intelligible. Although not surprising, this finding indicates that
it may be important to pay attention to differences in intelligibility when comparing
phonetic deviation across subjects within as well as across traditional aphasia
syndromes. For example, a finding of more deviant acoustic propetties in patients
with A-AOS than in patients with aphasia only (Baum ef al. 1990, Blumstein ef a/.
1980, Itoh ef «/. 1982) may at least in part be explained on the basis of greater overall
speech involvement among speakers with apraxia of speech than among patients
who present with aphasia only. Similarly, different levels of intelligibility may also
be associated with individual phonetic differences within speaker groups.

Third, there is no substantive relationship between single word intelligibility and
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severity of aphasia in speakers with A-AOS and a moderate, but non-significant,
relationship between single word intelligibility and aphasia severity in patients
without apraxia of speech. This confirms our impression that speech production
errors in speakers with A-AOS are determined primarily by a disorder separate
from, but coexisting with, an aphasia of varying type and severity. In contrast,
articulatory errors produced by individuals who have aphasia and no apraxia of
speech are more closely related to aphasia severity.

Fourth, there is a moderate, but non-significant, negative relationship between
monosyllabic single word intelligibility and clinical ratings of apraxia of speech
severity. It appears that at least some of what goes into a judgement of apraxia of
speech severity is based on this aspect of speech intelligibility. Therefore, in A-
AQOS, as in other speech disordets, single word intelligibility may be a viable way
to quantify severity of involvement. However, it should be noted that the
correlation was only moderate and not statistically significant. Besides the small
sample size, there are a2 number of potential reasons for this moderate correlation.
For example, the severity ratings may have been of limited accuracy and precision,
due to the subjective nature of the rating scale. Furthermore, the spread of severity
levels was limited. Half of the subjects obtained a rating in the middle of the scale,
at level 4. Finally, the degree of association should not be surprising given the
many differences in speech sample and listening task for the two measures. Of the
different characteristics of A-AOS, one may hypothesize that articulatory errors,
such as substitutions, distortions, additions, omissions, and repetitions were most
relevant to the intelligibility test. Single word intelligibility is probably more likely
to be influenced by these properties than by any other clinical features of the
disorder. In contrast, deviant prosody, inconsistency across repeated productions,
and articulatory breakdown with longer utterances would not be apparent in single
word productions. Thus, clinical severity ratings and single word intelligibility
scores are likely to highlight slightly different properties of A-AOS. Therefore,
whereas both provide a general measure of speech involvement, they are suitable
for different purposes. For example, single word intelligibility testing may have
greater validity for analysis of segmental aspects of speech production, whereas
overall clinical ratings may be more sensitive to suprasegmental factors.

Although preliminary, the results are promising. As noted, the possibility of
obtaining reliable speech intelligibility measures for speakers with A-AOS has
obvious clinical implications. Direct assessment of speech intelligibility offers a
different perspective and several advantages to traditional articulatory testing. The
inherently functional definition of these measures, objective scoring procedures,
and potential ability to serve as a measure of overall speech involvement are among
the most important ones. Ideally, an intelligibility test can also provide information
about the reasons why a person obtains a particular score and which phonetic
variations are most likely to reduce a person’s communicative effectiveness. Thus,
patient management may not only be monitored, but also guided by an
intelligibility test. The Kent ez a/. (1989) protocol was developed with this
particular objective in mind. The target words differ from each other across a
number of carefully varied, quantifiable phonetic contrasts. We are currently
analysing the phonetic error patterns that the subjects in this study made. The
results of this analysis may contribute to a better understanding of which phonetic
deviations in A-AOS are functionally important to listeners. There are many ways
in which perceptual, acoustic, and physiologic analyses of the speech signal can and
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should complement each other. Single word speech intelligibility can serve an
important function by helping to bridge the gap between acoustic and perceptual
characterizations of apraxia of speech.
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