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SPEECH AND LANGUAGE

Phonetic intelligibility testing in
adults with Down syndrome
Kate Bunton', Mark leddy2 and Jon Miller3

The purpose of the study was to document speech intelligibility deficits for a group of
five adult males with Down syndrome, and use listener based error profiles to identify
phonetic dimensions underlying reduced intelligibility. Phonetic error profiles were
constructed for each speaker using the Kent, Weismer, Kent, and Rosenbek word
intelligibility test[1]· The test was designed to allow for identification of reasons for the
intelligibility deficit, quantitative analyses at varied levels, and sensitivity to potential
speech deficits across populations. Listener generated profiles were calculated based
on a multiple-choice task and a transcription task. The most disrupted phonetic
features, across listening task, involved simplification of clusters in both the word
initial and word final position, and contrasts involving tongue-posture, control, and
timing (e.g., high-low vowel, front-back vowel, and place of articulation for stops and
fricatives). Differences between speakers in the ranking of these phonetic features was
found, however, the mean error proportion for the six most severely affected features
correlated highly with the overall intelligibility score (0.88 based on multiple-choice
task, 0.94 for the transcription task). The phonetic feature analyses are an index that may
help clarify the suspected motor speech basis for the speech intelligibility deficits seen
in adults with Down syndrome and may lead to improved speech management in these
individuals.
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ligible about 35% of the time[7,SJ. Chapman and
her colleagues found that speech intelligibility
increased with age, a finding similar to that of
typically developing children and adolescents[91.
In these accounts, and in other studies, reports
of the type and severity of the speech problems
differ greatly; however, it is clear that reduced
speech intelligibility compromises communica
tion between people with Down syndrome and
their families(10,11l.

Reduced speech intelligibility may also nega
tively affect spoken language, Miller and Leddy
argued that reduced speech intelligibility inter
feres with successful message communication,
which may cause the person with Down syn
drome to reduce speaking attempts, and thus
miss the opportunity to practise spoken lan
guage production skills needed for learning lan
guage[121. Fowler argued that lack of productive
language practice limits language learning such
that people with Down syndrome only use simple
sentence patterns[131, and numerous researchers
have documented an expressive language deficit
in people with Down syndrome£'4-181. Reports
also suggest that reduced speech intelligibility
appears to be related to short utterance length
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People with Down syndrome tend to have rela
tively poor speech intelligibility, a character
istic frequently used to describe their speech
patterns. There is wide agreement that a speech
intelligibility deficit is a key component of the
behavioural phenotype of Down syndrome (see
REFS 2,3). Reviews of this speech intelligibility
deficit (see REFS 4,5,6) indicate that it is related to
impaired speech sound articulation, with preva
lence rates of 95-100% being common, as well as
atypical prosody patterns, speech fluency, and
voice production. Relatively few investigators
have directly examined speech intelligibility in
people with Down syndrome, and those who
have studied it were investigating linguistic fac
tors that affect dysfluent speech patterns[71, the
broad communication characteristics of older
children and adolescents[81, or the language pro
files of children and adolescents[9l. Although
these investigations were not designed to directly
investigate speech intelligibility, Willcox, and
Rosin and her colleagues, found 65% intelligi
ble speech, indicating that older children and
adolescents with Down syndrome are unintel-
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ent with the diagnostic label of developmental
apraxia of speech[24,2s,381. Evidence that speech
intelligibility deficits are related to difficulties
with speech planning and motor speech produc
tion in individuals with Down syndrome con
tinues to grow. Overall, the literature suggests
that some individuals with Down syndrome
may exhibit patterns consistent with dysarthria)
some may exhibit apraxia) and some may exhibit
symptoms of both.

Most clinicians and researchers agree, "Intel
ligibility is considered the most practical single
index to apply in assessing competence in oral
communication"(39: p.183l. Careful examination of
the structure and characteristics of speech pro
duced by these individuals is needed in order to
elucidate the phonetic and acoustic factors that
contribute to intelligibility deficits in persons
with Down syndrome. Understanding the rea
sons behind reduced intelligibility has a direct
impact on intervention programmes, especially
for adolescents and adults. With a better under
standing ofthe nature ofthe speech intelligibility
deficit in people with Down syndrome, master
clinicians can better design speech and language
treatment programmes for this population.

The present study was designed to examine
speech intelligibility in Down syndrome using
phonetic error analysis methodology. Applying
a phonetic analysis approach to study the speech
production patterns ofspeakers with Down syn
drome offers an opportunity for a systematic
investigation of the potential reasons underlying
speech intelligibility deficits, as well as a quan
titative analysis of production and perceptual
characteristics of the speech signal.

The Kent, Weismer, Kent and Rosenbek sin
gle word intelligibility test targets 19 specific
phonetic contrasts that have been identified as
problematic for speakers with motor speech dis
orders and are likely to have a Significant impact
on overall speech intelligibility[1]. This test was
selected because it was designed to allow for
identification of reasons for the deficit, quantita
tive analyses at varied levels, and sensitivity to
potential speech deficits across populations. In
addition, results can be used to guide additional
assessment measures as well as treatment goals/
protocols and are interpretable within standard
articulatory tests. Prior analyses using the Kent
et al. word-intelligibility test[1J have demon
strated that different phonetic error profiles may
underlie similar global intelligibility deficits,
that certain gender effects may be prominent in
some profiles, and that the relationship between
disease type and the phonetic error profiles may
be quite complex[40-451.

The primary purpose of this study was to (1)

and spoken language complexity of speakers
with Down syndrome, and that when speech
therapy treatments improve speech intelligibil
ity there is a clinically meaningful improvement
in communicative effectiveness and spoken lan
guage[S,19BJ.

In addition to investigating the relationship
between speech intelligibility and spoken lan
guage deficits) researchers and clinicians have
attempted to explain the nature of the speech
intelligibility impairment in people with Down
syndrome, including the many possible aetiolog
ical and associated factors that may contribute to
the deficit. Numerous factors have been associ
ated with reduced speech intelligibility in per
sons with Down syndrome, including hearing
loss, anatomical and physiological differences in
the vocal tract, and underlying nervous system
differences (see REFS 4,5,6,24,25). The suggestion
that speech intelligibility and articulation errors
of people with Down syndrome were related to
impairments in the speech-motor control sys
tem, first proposed in the late 1970s and early
1980s, received minimal support initially[26,27,28J.
Miller asserted, however, that the presence of
speech motor control deficits accounted for the
finding that spoken language production lagged
behind comprehension in young children with
Down syndrome[291. To date, there are only a few
published studies investigating motor speech
impairments in people with Down syndrome
using techniques used in other typical percep
tual studies. These studies have supported the
view that individuals with Down syndrome
exhibit speech characteristics consistent with
a clinical diagnosis of a motor speech impair
ment, although the nature of this impairment
is unclear. For example, Borghi's data demon
strated voicing errors consistent with motor
speech impairment[30J. Kimmelman, Swift, Rosin
and Bless found highly variable formant transi
tion patterns and Swift, Rosin, Khdir and Bless
reported that people with Down syndrome have
difficulty maintaining adequate intraoral pres
sure for speech(31,321. Additional reports of defi
cits in speech timing and prosody (see REFS 33,34)

and data from Leddy's laryngeal videostrobos
copy study also support a suspected impairment
in motor speech production[35J. More recently,
it has been argued that inconsistent speech
production patterns observed in children with
Down syndrome are related to difficulties plan
ning speech, more specifically a deficit "in the
ability to assemble phonological plans for word
production"(36:p.314'315; 371.

Kumin has reported that many children with
Down syndrome exhibit difficulties and incon
sistencies in speech production that are consist-
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Laryngeal videostroboscopy

A method of viewing and
recording vocal fold vibration
during speech production

Formant transition pattern

The frequency movement of the
acoustic energy (or Formants)
between consonants and vowels.
This reflects changes in position
of the articulators

Intraoral pressure

Build up of air inside the mouth
creating the energy necessary for
the production of many speech
sounds

Formant or formant frequency

Frequency region, in vowels and
resonant consonants, in which a
relatively high degree of acoustic

. energy is concentrated. Provides
information on the position of
the articulators
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provide a measure of overall intelligibility (per
cent correct on a word identification test) for
adults with Down syndrome, and (2) use listener
based error profiles from the Kent et al. single
word test fll to identify phonetic dimensions
underlying reduced intelligibility.

Method

Speaker

0501

0505

Agein
Years

29

36

Adaptive Function Age
(Vineland Scales)

9;06

15;11

Percent Intelligibility
(standard deviation)

57.73 (8.56)

41.05 (15.89)

Table 1 ISpeaker age, adaptive function age, and speech intelligibilityProcedures for this study were approved by the
Institutional Review Board at the University of
Wisconsin-Madison. Speakers and listeners were
compensated monetarily for their participation.

Speakers

Speakers in the present study included five
adult males with Down syndrome selected from
a database maintained by the second author
(Leddy). All speakers lived in group home set
tings within the community and most held part
time jobs. Speaker characteristics, including
age in years, adaptive function age, and speech
intelligibility are shown in TABLE 1. The Adaptive
Function Age Equivalency Scores from the Vine
land Scales(46) were completed as part of a sepa
rate study by the second author[3S1. Intelligibility
scores were based on the single-word intelligibil
ity test described below.

Speech sample
The intelligibility test used in the present study
consisted of 53 single words. The words were
selected from the Kent, et al. single word intel
ligibility test£1l, which was designed to look at 19
phonetic contrasts thought to be susceptible to
errors by speakers with motor speech disorders.
Although this test was not designed specifically
for persons with Down syndrome, it is the only
published test that allows for a thorough and
systematic examination of features underlying
an intelligibility deficit. In the test, each word is
chosen to contrast with three foil words on one
of 19 phonemic features. This allows for interpre
tation of confusions in the listener's responses
with respect to the features used in constructing
the list of test words. For example, for the target
word bad the response choices for the listeners
were bad - bed - bat - pad. The first foil, bed,
differs from the test word in the tongue-height
feature of the vowel that forms the syllable; the
second choice, bat, differs from the test word in
the voicing feature of the final consonant; and
the fourth choice, pad differs from the test word
in the voicing on the initial contrast. The origi
nal Kent et al. test included 72 different target
words[1]; however, for the present study a subset
of 53 words was selected. Selection was based
on word familiarity and the reading level of the
speakers; at least 5 tokens from each of the 19

contrasts were included in the shortened version
of the Jist. A list of the target words and corre
sponding foils by phonetic category can be found
in Appendix A. The target word is listed first in
each word pair.

Data recording
An initial session was scheduled with each
subject and the investigators (first and second
authors) travelled to each speaker's home to
complete an initial screening and make an audio
recording. Speakers were screened to ensure that
they could read at a single word level, but no fur
ther cognitive testing was completed. Speakers
also passed a hearing screening at 25 dB HL for
frequencies of 0.5, 1, 2, and 4.0 KHz bilaterally
(American Speech-language-Hearing Associa
tionI47J). For the recording portion of the session,
each speaker was seated at a table and a lapel
microphone (Radio Shack 33-1013) was attached
to their shirt collar, approximately 6 inches from
their mouth. They were asked to read 53 single
words from index cards (APPENDIX A). The investi
gators controlled the reading pace. If a word was
mispronounced, the speaker was asked to repeat
the word, if a second error occurred, the investi
gator read the word aloud and asked the speaker
to repeat it. Word repetition was only used when
a word did not match the intended target as
judged by the first author, not when a distortion
occurred. For example, if the target was road and
the speaker said ream he was prompted to repeat
the token, but if the speaker said woad the inves
tigator would have continued without repeating
the token. All data was recorded on digital audio
tape (DAT: Tascam 1200). The intelligibility test
ing reported in the present study was part of a
screening session for participation in an X-ray
microbeam study of speech kinematics being
conducted by the authors at the University of
Wisconsin-Madison.

Acoustic data
The speech samples were digitised and stored
in CSpeech (filter cutoff 9.8 KHz, sampling
rate=22.l KHz)[37J• Prior to recording, a 90dB
calibration tone was recorded for use in calcu
lating sound pressure level from the acoustic
speech signal recorded. Words were then saved

X-ray microbeam study of
speech kinematics

A method of looking at the
movement of the articulators
during connected speech

232
Volume 12 -Issue 3· February 2009· Down Syndrome Research and Practice

www.down-syndrome.org/research-practice



in individual files. These word files were used in
the randomised play lists in the listening tasks
(see below).

Listening tasks

Listening group I
Listeners included 10 undergraduate students
enrolled in the Communicative Disorders pro
gram at the University of Wisconsin-Madison
and met the following criteria: a) between the
ages of 18-50 years, b) minimal experience with
speakers with dysarthria and, c) able to pass a
hearing screening at 25 dB HL for frequencies
of 0.5, I, 2, and 4.0 KHz bilaterally[471. Listeners
reported no previous experience with speakers
who had speech or language disorders and had
taken only an introductory course within the
department and were therefore, considered naive
listeners. All listeners were paid for their partici
pation. The digitised single words for individual
speakers were presented through a loudspeaker
to listeners seated individually in a sound treated
room. The signal volume was set to a comfortable
level by the examiner prior to each experimental
session. Speaker order was randomised. listen
ers heard all words spoken by all speakers. The
order of words presented for each speaker was
also randomised, but was the same across all lis
teners as pre-generated multiple choice answer
sheets were needed to complete the listening
task. Listeners were given response forms that
had four words in each numbered row (one target
and three foils) and were instructed to select the
word in each row that most closely matched what
they heard. The 50 response forms (5 speakers x
10 listeners) were scored to determine both the
percent correct and the profile of feature errors
according to the phonetic features used in the
test construction. Participation in the listening
experiment lasted approximately 25 minutes.

Listening group II
A second listening task was "added based on the
response of listeners in group 1. All 10 listeners
in group I subjectively reported that sometimes
none of the foils on the multiple-choice answer
sheet matched the token they heard presented.
The first author then reviewed lists from all five
speakers to whether an error in word order had
b'~en made when formatting the answer sheets.
No errors were found. Therefore, a group of
skilled listeners was asked to transcribe each
token without knowledge of the target or foils.
Comparison of the two scoring methods would
allow investigators to look at possible influ
ences of the test format as well as differences in
the phonetic error profiles. Five skilled listeners
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were asked to perform a broad transcription of
the same set of single words presented under the
same listening conditions as with group I. Lis
teners met the same inclusion criteria as those in
group I; in addition, they had completed a course
in phonetics and had more than 4 years clinical
experience. Listeners in group II were considered
expert listeners. Percent correct was determined
for each speaker based on the transcription
results, with each target phoneme being counted
as either correct or incorrect. In addition, a pro
file of feature errors was computed by marking
the phonetic category which corresponded to
any difference in the target word compared to
the transcription. Using this method it was pos
sible to have multiple feature errors within a sin
gle word. For example, if the target were bad and
it was transcribed as pet, errors would be marked
for the word initial voicing, high-low vowel, and
word final voicing contrasts.

Phonetic error profiles

Error rates for the transcription task were calcu
lated by recording each time a listener marked a
response other than the target word and dividing
by the total errors for each pair by the number
of listeners (n=::lO). For example if the target was
bad and four of the listeners chose bed an error
rate of 0.4 (4/10) would be marked in the high
low vowel feature category. Errors per contrast
were then added (i.e.) the error rate for the 13
word pairs in the high-low vowel category) and
divided by the total number oferrors possible on
the test (n=::122). Using this method, all phonetic
error categories were given equal weight; thus
allowing the investigators to look at which con
trasts seemed to have the greatest impact on the
oyerall decrease in speech intelligibility. For the
transcription task, error rates were calculated in
a similar fashion, however multiple target pho
nemes could be recorded as errors within a single
target word and the total number of errors pos
sible on the test was the total number of phones
produced (n=::128)

Results

Intelligibility scores
Intelligibility scores calculated for each speaker
are shown in the final column of TABLE 1. Mean
percent intelligibility is based on both the mul
tiple-choice task (10 listeners) and the transcrip
tion task (5 listeners) as no significant difference
was found between the two listening tasks (t (49)
=:: -0.04, p = 0.97). Intelligibility scores for the cur
rent speaker group ranged from 41% to 75%. The
range of scores is quite broad, with participants
at the low end being more difficult to understand
and participants at the high;_~.d being easier to
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Phonetic contrasts

Phonetic contrasts

Figure 2[ Mean proportion of errors within phonetic contrasts for the group of 5
participants based on the transcription listening task
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Figure 1 IMean proportion of errors within phonetic contrasts for the group of 5
participants based on the multiple-choice listening task

understand. Also shown in TABLE Iare the standard
deviations computed for the individual speakers.
Two pairs ofspeakers having very similar overall
scores (DS02 and DS05 or DSOI and DS03). Even
though similarities were found in overall intel
ligibility scores, variability in error rates across
the phonetic contrasts and their rankings was
found for individual speakers (see below).

Phonetic feature analysis

The feature profile for the speakers as a group
is shown in FIGURE 1. The phonetic categories are
represented on the x-axis and the frequency of
the errors on the y-axis (examples can be found
in APPENDIX A). The height of each bar shows the
error proportion (a measure of incorrect trans
mission). The most severely affected phonetic
features for the group, in rank order of sever
ity, are as follows: initial cluster-singleton, long
short vowel, high-low vowel, initial glottal-null,
fricative place, front-back vowel, stop place, final.
duster-singleton, fricative-affricate, voiced
voiceless initial, stop-fricative and Irl-/w/. In
terms of articulatory or voice function, these
features relate to jaw-tongue posture and con
trol for vowel and consonant production (high
low vowel, front-back vowel, fricative place, stop
place, fricative-affricate, stop-fricative, duster
singleton), and phonatory function (glottal-null,
voicing contrast, long-short vowel). These results
indicate that the phonetic features were not
affected uniformly but rather some features were
more susceptible to errors than others. Among
the more resistant features in the group data were
voiced-voiceless final, alveolar-palatal, initial
consonant-null and final consonant-null which
had no errors associated with them.

Because participants with Down syndrome dif
fered in overall intelligibility, some participants
had many errors and others had very few. To
show individual patterns for the feature profiles,
the features were ranked by error proportion for
individual participants. The results are shown in
TABLE 2 for the six contrasts (ranked 1-6) that had
the highest error rates for each of the five par
ticipants. Data show that certain features tended
to occur frequently at the top ranks, although
individual participants had their own patterns
of feature errors.

Transcription
Listeners in group II were asked to provide a
broad transcription for each word they heard
presented (53 tokens x 5 speakers). They did not
have any knowledge of what the target word or
foils were but were told that each token was an
English word. Phonetic error profiles were con
structed for each speaker according to the same
procedures used in the multiple-choice task. The

error proportions for features identified by group
II is shown in FIGURE 2, a ranking of the most fre
quent phonetic contrast errors for individual
participants is shown in TABLE 3. Features with
the highest error proportion and ranking were
similar for the two listening tasks. Ranking of
the top errors on the transcription task included
the same ones listed above plus voiced-voiceless
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Table 311dentification of the features associated with the highest six error scores
for the 6 speakers based on responses for the multiple-choice task

Table 21 Identification of the features associated with the highest six error scores
for the 6 speakers based on responses for the multiple-choice task

Discussion
The aim ofthe present study was to move beyond
traditional measures of speech intelligibility.
which provide a metric of severity, and iden
tify phonetic dimensions that underlie reduced
intelligibility in adults with Down syndrome. A
phonetic feature analysis proved to be a natural
and convenient way to achieve this purpose, as
features relate both to articulatory functions
and to lingUistic contrasts that underlie intel
ligibility. Results of the study demonstrate that
speakers with similar Single-word intelligibility
scores have different speech errors contributing
to that score. Although individual variability was
found. certain contrasts seemed to contribute
much more heavily than other contrasts to the
intelligibility deficits seen in this group ofspeak
ers. The features that were most often affected are
discussed in terms of phenotypic characteristics
that have· been identified and are believed to
underlie speech production difficulties for peo
ple with Down syndrome[12,49,50l.

Feature errors

The results of the study demonstrate a range of
intelligibility scores for adults with Down syn
drome (41-75%). Individual differences in the
c~ntrasts associated with the highest error rates
were found (see TABLES 2AND 3), however, there was
a small group of errors that were ranked highly
for all five speakers. These included cluster-sin
gleton production in the word initial and final
position, vowel errors, and place of production
for stops and fricatives. For cluster-singleton
contrast, the target word contained a consonant
cluster and listeners identified a singleton. Errors
associated with the vowel contrasts (high-low and
long-short) vowels were recorded in both direc
tions (I.e. a target high vowel was identified as a
low vowel and a target low vowel was identified
as a high vowel). Of note, there were no errors
associated with the vowel Iii for any of the speak
ers. Finally, both fronting and backing errors
were recorded for place of production across
speakers, however. individual speakers tended
to have a consistent pattern of errors. Accurate
production of these phonetic contrasts requires
precision in lingual posture and control, and

intelligibility and the highest-ranked features, a
correlation was computed between the individ
ual intelligibility scores and the averaged indi
vidual error proportions for the six most affected
features. The resulting correlation had a value of
0.88 for the multiple-choice task and 0.94 for the
transcription test. indicating that the error pro
portions for these five features was highly corre
lated with the speakers overall intelligibility.

0505

0505

0504

D504

0503

0503

Participant

Participant

0502

0502

0501

0501Feature

in a word final position, which did not have any
errors associated with it on the multiple-choice
test. The absolute error frequencies were slightly
higher in the transcription versus the multiple
choice tasks. This is likely related to the fact that
multiple errors could be recorded for each word;
listeners in group II recorded two phonetic errors
within a single token for 63% of the total tokens
transcribed. As an example, TABLE 4 provides a list
of target tokens, multiple-choice foils, the token
selected by group I and the transcription from
group II for speaker DS03. Tokens included on
the list include only examples where multiple
errors were reported by group II compared to the
Single error reported by group 1. Data in TABLE 4

suggests that the multiple-choice test format
affected the phonetic error profiles for the speak
ers. Overall, only 46% of the tokens transcribed
by listener group II matched the errors marked
by the listeners in group 1. The remaining errors
were either different Single phonetic category
errors (26%) or multiple-errors within the same
token (28%).

Relation between intelligibility and feature
errors

To determine the relationship between overall

Initial sj'}9Ie~()p~,du~~er,

Long-short vowel

~igR~I()~:YRwe'IL.:" ."

Initial glottal-null

FricatiXE:!,pl~~~,!>fi/'

Front-back vowel

St9P pl~fe ,,'

Feature

Init:ia,1 sin9Ietop~~lus,ter:

long-short vowel

:~ig~jjo~vowe"
Initial glottal-null

i ~

Down Syndrome Research and Practice - Volume 12 -Issue 3· February 2009
ww"'!..down-syndrome.org/research-practice 235



. -. -. .

. .-

REPORTS - .

Table 41 Comparison of responses on multiple-choice response from listener
group I and transcription results from group II for speaker 0503

whether simplification of other clusters would be
produced by these speakers. Significant delays
in development of consonant clusters have been
reported previously for children with Down syn
drome[6,57,s8,s9J. There are no detailed reports of
articulation and phonology skills in adults with
Down syndrome in the literature. Ingram sug
gested that the emergence of consonant clusters
represents significant development in children's
phonological analysis of the receptive vocabu
lary in terms of phonotactics[601, and also likely
reflects a maturation of the children's motor
speech mechanism and continued anatomical
development (see REF 61 for a review). Following,
it can be hypothesised that there may be differ
ences in the nervous system ofadults with Down
syndrome that affect speech production. These
differences could be either structural-anatomic
or related to development of the system.

Several additional phonetic contrasts with high
error rates point to difficulties with speech motor
control as they relate to tongue posture and con
trol; this includes vowel production (high-low
and front-back vowels) and place of production
for consonants (stops and fricatives). Perceptual
evidence of difficulties in production for these
contrasts suggests that articulatory behaviour is
likely reduced and also uncoordinated in these
speakers. Although as Adams points out, the
identification of coordination problems is com
plicated by the lack of agreement concerning a
definition of coordination[621. The primary per-

timing. This finding was not entirely surprising
given observations in the literature indicating
that people with Down syndrome have a larger
tongue in relation to a smaller oral cavity[S11 as
well as differences in muscle tone[S2J. Attributing
all errors associated with these contrasts solely
on the basis of skeletal and muscular differences,
however, may well be inadequate. Careful studies
of children who have undergone partial tongue
resections to reduce tongue size have reported
almost no speech improvement as a result ofthis
procedure[S3,S4J. A recent study of jaw stiffness
reported no differences for a group of children
with Down syndrome compared to age-matched
peerslSSI . The author concluded that muscle tone
abnormities in children with Down syndrome
do not affect orofacial muscles sufficiently to
influence speech production. Differences in pat
terns of activation for the jaw muscles that may
suggest a possible compensatory behaviour were
also reported. Human physiology has a great.
capacity to accommodate structural deviations,
therefore, some children with Down syndrome
may be able to adapt to structural anomalies
while others experience significant difficulty.
Miller and Leddy have hypothesised that it is
primarily the neurological system that influ
ences speech production in people with Down
syndrome[12,24,56l. Motor constraints could influ-
ence the precision of speech production effects
and individuals ability to adapt to their unique
speech structures (i.e.) skeletal or muscular dif
ferences). The phonetic contrasts with high error
proportions in the present study support proba
ble impairments in motor control as a key reason
for reduced speech intelligibility, however, the
nature of the motor control difficulties are not
clear.

The initial cluster-initial singleton had the high
est error proportion for all five speakers. This
error corresponds to perception ofa single conso
nant when the target word contained a sequence
of two consonants. High error rates were noted
in both the word initial and word final positions,
with slightly higher error rates found for the word
initial position. In the word initial position, the
stop was retained and the omitted sound (second
in the cluster) was a Irl or Ill. Omission of the
liquid occurred even though speakers were able
to produce these sounds as word-initial single
tons. It is of interest, that the expert listeners fre
quently recorded distortions for these phones. In
the word final position, the stop was maintained
and the omission was a fricative; the fricative was
not always the final consonant (i.e., the target fast
was identified as fat). It is important to keep in
mind that there were only five tokens used to rep
resent these contrasts, therefore, it is not known

Target Foils Listener group I Listener group II
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ceptual cue for vowel identification is believed to
be the frequency range for the first and second
formant(63,64,651. Inappropriate tongue position-
ing andlor large ranges of jaw movement have
been shown to result in a compression of the
acoustic vowel space (reflecting centralised vocal
articulations) in speakers with dysarthria (see
REFS 66,67). Similarly, place ofproduction for stops
and fricatives, which is indexed by noise energy
and neighbouring formant transitions(68J, has
been shown to be linked to lingual posture and
control (e.g., REFS 69,70,71). It is noteworthy that
alveolar-palatal contrast (lsi-Ish!) had no errors
associated with it in the present study. This dis
tinction is a commonly reported error in adoles
cents with Down syndrome[81. Reasons for the
discrepancy may relate to the limited number of
target items, a single production of each target
word, or mayindicate that individuals with Down
syndrome continue to improve their speech pro
duction during adolescence. The error profiles
identified in the present study, nevertheless,
suggest that motor control difficulties involving
the articulators in adults with Down syndrome
may contribute to reduced intelligibility. Further
research efforts focused on an empirical descrip
tion of these contrast errors as a way to explore
and quantify possible underlying mechanisms
responsible for the reduced intelligibility are of
interest. A parallel research effort underway by
the authors, details acoustic analyses ofthe intel
ligibility test words and underlying production
behaviors based on X-ray Microbeam data.

Evidence of a motor control impairment con
comitant with language difficulties in these five
speakers[351 supports an idea that motor and lan
guage domains are not modular[l2J. Rather, there
is evidence that speech intelligibility impair
ments may force speakers with Down syndrome
to shorten their messages by selecting their most
intelligible words and conversation partners to
reduce their demands by asking direct questions
that elicit only short answers. These adaptations
give the impression ofvery limited language pro
duction skills. This suggestion is also consistent
with Goffman[721. She proposes that motor and
language development are highly interactive
and that both are intimately tied to the produc
tion of speech. Models of speech disorders, such
a~, that associated with Down syndrome, which
explicitly integrate the acquisition of language
and motor representations in concert with one
another are needed to further our understanding
of the intelligibility impairments and determin
ing the appropriate course of intervention.

Influence of the listening task
Differences in phonetic error profiles for the

two listening tasks suggest that the format for
responding to the items may have influenced
listener responses. It is feasible that the forced
choice task may have limited listeners' responses.
In the multiple-choice format, there were 4 foils
for each item, and while 2 of the foils represented
the contrast of interest (target plus error) which
varied by a single phonetic dimension, the other
foils were not always balanced in the same way.
This may have created potential problems for lis
teners. For example, one target has the following
foils on the test, coatltote/goatlcode. The target
word (coat) is combined with foils that vary in
both initial and final voicing. A clear voiced or
voiceless consonant in either place eliminates
certain foils, and ultimately may effect which
foil is selected. If a listener heard a token with a
word final voiced stop, they were more likely to
select code regardless of the status of the initial
consonant. Therefore, an error associated with
word initial voicing may have been missed. In
addition, for the initial glottal-null contrast, it
possible that the error a listener heard may not
have matched any of the foils (see below). Dis
crepancies between what listeners heard and the
choices they were given were reported subjec
tively by a1110 listeners who participated in the
multiple-choice task.

One surprising difference between the multi
ple-choice task and the transcription task was
differences in error rates for contrasts related
to laryngeal function. The error rate for the ini
tial glottal-null contrast was ranked within the
top six based on the multiple-choice task for
two speakers (DS03, DS04), but was not highly
ranked based on the results of the transcription
task. Differences in error proportion suggest that
the error may not have been an absence ofan ini
tial glottal sound, but rather a substitution of a
different consonant in the initial position. As an
example, consider the target word had. listen
ers using the multiple-choice format were given a
choice of had - add - hid - pad; listeners reported
hearing add for 4 of 5 speakers (error propor
tions greater than 8/10 in all cases) . For the same
tokens, listeners using transcription identified a
voiced word initial stop consonant rather than
an initial vowel (e.g., bad). Difficulty with pitch,
loudness, and voice quality has been reported
previously in the literature, and it was believed
that these voice features contributed to reduced
intelligibility[l2.32.351. While a general impression
of hoarse vocal quality was informally recorded
for all five speakers by the investigators; the
low error rates recorded for contrasts targeting
laryngeal function suggest that voice quality did
not appear to have a strong impact on listeners'
perception of these phonetic contrasts for speak-
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ers in the present study. The prevalence of voice
production difficulties in this population and its
effect on segmental variables warrants further
study.

A final difference between the multiple-choice
and the transcription listening tasks relates to lis
teners preferentiallyidentifyingvowel errors over
consonant errors when two errors were present in
a single target word. As an example, for speaker
DS01, the target word big was identified as the
foil bag but was transcribed as back. It was rare
(3.8% oftokens) that listeners using transcription
reported a vowel error when one had not been
identified in the multiple-choice task. On the
other hand, 37% of consonant errors identified
based on transcription were not recorded using
the multiple-choice task. Reasons for this pref
erential selection are not clear. however, results
are consistent with a report by Oller and Eilers
where they have shown that knowledge of pos
sible phonetic features (i.e., multiple-choice foils).
influences listener responses even if their cues
are not present in the acoustic signal{731.

Summary
The present study provides a unique profile of
the nature of the intelligibility impairment in
adults with Down syndrome. The error catego
ries, which are based on listener responses, offer
insight into which phonetic contrasts pose the
most difficulty for the listener and likely contrib
ute to reduced intelligibility. Despite this limi
tation, subsequent acoustic analyses should be"
used to explore and quantify possible underlying
mechanisms responsible for the reduced intel
ligibility. It is conceivable that a single contrast
efror across speakers may not be represented by a
uniform set of acoustic parameters and underly
ing physiologic mechanisms. It should be noted
that the results reported were based on single
word productions and cannot be generalised
to conversational speech intelligibility. Differ
ences in production related to speech task merits
future study. Although similarities in phonetic
error profiles were noted across speakers, indi
vidual differences support the use of individual
ised clinical intervention programs to improve
communication skills for individuals with Down
syndrome.
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