
Contribution of Two Sources of Listener
Knowledge to Intelligibility of Speakers
With Cerebral Palsy

Purpose: This study examined the independent and combined effects of two sources
of linguistic knowledge (alphabet cues and semantic predictability) on the intelligibility
of speakers with dysarthria. The study also examined the extent to which each
source of knowledge accounted for variability in intelligibility gains.
Method: Eight speakers with cerebral palsy and dysarthria contributed speech
samples, and 128 listeners transcribed the speech samples (16 listeners per speaker)
in 4 different conditions (no cues and unpredictable sentences; no cues and
predictable sentences; alphabet cues and unpredictable sentences; alphabet cues
and predictable sentences). Listener transcription results were the dependent variable
and were scored as the percentage of words identified correctly by listeners.
Results: Both alphabet cues and semantic predictability made independent and
overlapping contributions to intelligibility. In addition, alphabet cues accounted for
more of the variability in gain scores than semantic predictability. Inseparable joint
effects from the two sources of knowledge also made an important contribution to
intelligibility.
Conclusion:Alphabet cuesmay be amore powerful source of information for resolving
lexical ambiguity than semantic predictability for listeners who are faced with
dysarthric speech.
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I ndividuals with dysarthria frequently have reduced speech intelligibil-
ity (Darley, Aronson, & Brown, 1969; Yorkston, Beukelman, Strand, &
Bell, 1999). Although intelligibility problems are commonly regarded as

a characteristic of the speaker, they are also directly influenced by the
listener andwhat he or she hears when presentedwith a particular speech
signal. In fact, studies show that there is often marked variability, as in-
dicated by large variances in intelligibility scores, in what different lis-
teners are able to decipher given the same speech sample (see Beukelman,
Fager, Ullman, Hanson, & Logemann, 2002; Garcia & Dagenais, 1998;
Hustad, Jones, & Dailey, 2003; Liss, Spitzer, Caviness, & Adler, 2002).
The majority of research efforts in dysarthria have focused on speaker-
related variables and their contribution to intelligibility, with far less
effort directed toward the study of listener-related variables. However,
both listener-related variables and speaker-related variables clearly play
important, and perhaps connected, roles in the explication of factors that
influence intelligibility of dysarthric speech (Connolly, 1986; DePaul &
Kent, 2000; Kent, Weismer, Kent, & Rosenbek, 1989; Weismer & Martin,
1992; Yorkston, Strand, & Kennedy, 1996). This article focuses on two
different listener-related variables and their contribution to intelligibility
of dysarthric speech.
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Signal-Independent Knowledge
and Intelligibility

Lindblom (1990a) emphasized that “speech percep-
tion is not driven exclusively by the signal. Linguistic
and other knowledge influences what we hear” (p. 222).
Indeed, listeners routinely impose various kinds of stored
knowledge on the speech signal, and this ability makes
speech perception robust, even when the acoustic signal
is degraded and listeners are faced with partial informa-
tion (Lindblom, 1990a, 1990b, 1996). Lindblom (1990a)
referred to what is “stored in the listener ’s brain” (p. 225)
as signal-independent information. There are many po-
tential subtypes of signal-independent information that
listeners possess. For example, listeners have stored
knowledge about linguistic and phonetic properties of
their native language, paralinguistic behaviors, and
world or experiential events. These privately held types
of knowledge are independent of the speech signal only
until the listener needs to make sense of a spoken ut-
terance. When a signal is presented to the listener, it
invokes online and postperceptual application of differ-
ent types of knowledge.When this knowledge is actually
applied to the signal by the listener, it is no longer truly
signal-independent because the signal itself directs ap-
plication of different types of knowledge at different
time points during perception. Thus, application of signal-
independentknowledgebecomesa “signal-complementary”
process (Lindblom, 1990b). Throughout this article, the
term signal-independent refers to listeners’ stored knowl-
edge aswell as signal-complementary application of stored
knowledge.

In a description of themutuality of speaker–listener
interaction, Lindblom (1990a) hypothesized that there is
an inverse relationship between speaker-related vari-
ables (i.e., the acoustic signal produced by the speaker)
and listener-related variables (i.e., signal-independent
knowledge possessed by the listener)—that is, the better
the acoustic signal, the less important signal-independent
knowledge is to achievement of mutual understanding
between speaker and listener. When the acoustic signal
is compromised or reduced, the listener compensates by
drawing to a greater extent on signal-independent knowl-
edge to decipher the message.

Various lines of evidence support the notion that
signal-independent knowledge plays an important role
in speech intelligibility. For example, experimental stud-
ies have demonstrated that when the speech signal is
degraded, intelligibility scores are generally lower for
single-word stimuli than for sentences (Miller, Heise, &
Lichten, 1951; O’Neill, 1957; Salasoo & Pisoni, 1985;
Sitler, Schiavetti, &Metz, 1983; Yorkston, & Beukelman,
1978) and narratives (Hustad, in press). One explanation
for this finding is that when faced with isolated words
devoid of linguistic context, listeners are unable to apply

certain types of signal-independent linguistic knowledge
(e.g., semantic and syntactic knowledge). Because fewer
sources of signal-independent knowledge are available to
aid in deciphering the degraded signal, speech intelligi-
bility is reduced.

Researchhas also shown that semantic predictability
influences intelligibility, with less predictable sentences
eliciting lower intelligibility scores thanmore predictable
sentences (Boothroyd & Nittrouer, 1988; Duffy & Giolas,
1974; Garcia&Cannito, 1996; Kalikow, Stevens, &Elliot,
1977). One likely reason for this finding is that when
semantic predictability is reduced, listeners cannot take
full advantage of their stored semantic knowledge to aid
in deciphering the speech signal. Again, because appli-
cation of semantic knowledge is constrained, there are
fewer sources of signal-independent knowledge that are
useful for deciphering the signal, which ultimately results
in reduced intelligibility scores.

Collectively, studies indicate that listeners’ linguistic
knowledge plays an important role in speech processing,
especially when speech intelligibility is compromised, as
is often the case in speakers with dysarthria. In addition
to the impact of semantic predictability on intelligibility
of speakers with dysarthria, another question of interest
for this study relates to the effect of speech supplemen-
tation strategies, specifically alphabet cues, on what lis-
teners hear.

Speech Supplementation Cues as a Form
of Signal-Independent Information

Speech supplementation strategies are a group of
interventions that combine the use of supplemental aug-
mentative cues with natural speech to improve speech
intelligibility in individuals with dysarthria. Examples
of speech supplementation strategies include iconic ges-
tures (Garcia&Cannito, 1996;Garcia&Dagenais, 1998;
Hustad & Garcia, 2005), topic cues (Beukelman et al.,
2002;Dongilli, 1994;Hustad&Beukelman, 2001;Hustad
et al., 2003), and alphabet cues (Beukelman & Yorkston,
1979; Beukelman et al., 2002; Hustad & Beukelman,
2001; Hustad et al., 2003). Hustad and colleagues (2003)
suggested that speech supplementation strategies could
be considered a type of signal-independent information
that is different from private or intrinsic knowledge
possessed by listeners. In particular, speech supplemen-
tation strategies provide additional externally imposed
cues that the listener can use to help decipher the speech
signal. Of interest for the present study was the impact
of alphabet cues as a supplemental source of linguistic
information.

Alphabet supplementation is a strategy in which speak-
ers use an alphabet board to indicate the first letter of each
word while simultaneously speaking. Several studies have
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examined the effects of alphabet cues on intelligibility of
sentences. These studies show that alphabet cues can
improve intelligibility between 5% and 69%, with av-
erage gains being approximately 25% (Beukelman et al.,
2002; Beukelman & Yorkston, 1977; Crow & Enderby,
1989; Hustad & Beukelman, 2001; Hustad et al., 2003;
Hustad & Garcia, 2002, 2005).

Although the various studies have used different
methodologies, different speech stimuli, and different
participant populations, three main conclusions emerge
from the collective body of research. First, when speak-
ers physically point to the first letter of each word while
simultaneously speaking, rate of speech is reduced
(Beukelman et al., 2002; Hustad et al., 2003; Hustad &
Garcia, 2005) and intelligibility is increased, even when
alphabet cues are concealed (Beukelman & Yorkston,
1977; Crow & Enderby, 1989; Hustad & Garcia, 2005).
Thus, production-based, or signal-dependent, changes in
the speech signal also seem to occur. The exact nature
of these production changes, beyond basic temporal fea-
tures, is yet unknown.

The second conclusion suggested by the alphabet
supplementation literature is that when speakers point
to letters and the alphabet cues are visible to listeners,
intelligibility is increased to a greater extent than when
alphabet cues are concealed (Beukelman & Yorkston,
1977;Hustad&Garcia, 2005). This finding suggests that
acoustic changes coupled with listener application of
signal-independent knowledge play a role in enhanc-
ing intelligibility. However, the independent and
overlapping contributions of the various factors have
not been studied in ways that permit clean parsing of
effects.

Finally, the alphabet supplementation literature
has shown thatwhenalphabet cues are superimposed on
the habitual speech of individuals with dysarthria, in-
telligibility is increased (Beliveau, Hodge, & Hagler,
1995;Hustad&Beukelman, 2001). This finding suggests
that the linguistic information provided by alphabet cues
has an independent effect on intelligibility (Hustad &
Beukelman, 2001). Alphabet cues alone may help lis-
teners decipher the speech signal more readily because
they reduce lexical ambiguity. In addition, Hustad and
Beukelman (2001) suggested that the information pro-
vided by alphabet cuesmay enhance listeners’ success in
applying other types of linguistic knowledge (such as
semantic knowledge), which in turn results in increased
speech intelligibility. In the present article, this possi-
bility is considered through manipulation of semantic
predictability of messages and provision of experimentally
imposed alphabet cues. The following specific research
questions were addressed:

1. What is the independent effect of semantic predict-
ability on intelligibility of dysarthric speech?

2. What is the independent effect of experimentally
imposed alphabet cues on intelligibility of dysar-
thric speech?

3. What is the joint impact of semantic predictability
and alphabet cues on intelligibility of dysarthric
speech?

4. To what extent is the overall benefit from both se-
mantic predictability and alphabet cues attributable
to the independent effects of semantic predictability,
the independent effects of alphabet cues, and the
joint influence of both variables?

Method
Participants

Twogroups of participantswere involved in this study:
speakers with dysarthria and everyday listeners (Klasner
& Yorkston, 2005). Speakers with dysarthria produced
speech samples, which were then played for listeners who
transcribed what they heard. The dependent variable
examined in this study was listener transcription data.

Speakers with dysarthria. Eight individuals who
had a medical diagnosis of cerebral palsy and subse-
quent dysarthria participated as speakers. Dysarthria
severity varied among the speakers, frommild to severe,
as determined by scores on the Sentence Intelligibility
Test (SIT; Yorkston, Beukelman, & Tice, 1996). Demo-
graphic information for the speakers, including age,
gender, dysarthria diagnosis, dysarthria severity, and
SIT score, is provided in Table 1. All speakers were
required to (a) use American English as their first and
primary language; (b) have normal hearing per self-
report; (c) have scores between 20% and 85% on the SIT;
(d) be between 18 and 60 years of age; (e) be able to pro-
duce connected speech consisting of at least eight con-
secutive words; and (f ) be able to repeat sentences of up
to eight words in length following a verbal model.

Listeners.Sixteen different individuals watched and
listened to each speaker with dysarthria, for a total of
128 listeners across the 8 speakers. Different listeners
were randomly assigned to each speaker so that the
same stimulus material could be used for each speaker
without the possibility of a learning effect. All listeners
were required to (a) use American English as their first
and primary language; (b) pass a pure-tone hearing
screening at 20 dB SPL for 250Hz, 500Hz, 1 kHz, 4 kHz,
and 6 kHz bilaterally; (c) have no more than incidental
experience listening to or communicating with persons
having communication disorders; (d) be between 18 and
45 years of age; and (e) haveno identified language, learn-
ing, or cognitive disabilities per self-report. Listeners
were recruited from the local community and included
university students as well as community members who
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were not affiliated with the university. Listeners had a
mean age of 22.8 years (SD = 4.4). Half of the partici-
pants assigned to each speakerweremale, and half were
female.

Materials
Speakers with dysarthria produced 20 Haskins sen-

tences (Nye&Gaitenby, 1974). Sentencesweredesigned to
be semantically anomalous (implausible) in nature; how-
ever, all sentences followed a similar syntactic structure
(subject–verb–object) and were six words in length.

Speakers also produced 20 sentences taken from
Hustad and Beukelman (2001, 2002). Sentences were
designed to be predictable in nature, using Standard
AmericanEnglish conventions for content, form, and use
of language. All sentences were 5–6 words in length and
were selected from a larger corpus of sentences based on
similarity to theHaskins sentenceswith regard to length.
Examples of predictable and semantically anomalous sen-
tences are provided in the Appendix.

Procedures
Recording speakers. Speakers were audio and video

recorded on digital audiotape and digital videotape while
they produced the target stimuli. Recordings took place
in a quiet setting, either within the speaker ’s home or in
a sound-attenuating room in the laboratory. Speakers
wore a low-profile, unidirectional, head-mounted micro-
phone positioned 5 cm from the mouth. To assure that
differences in reading fluency and visual acuity did not
affect the production of target sentences, speakers pro-
duced individual sentences following the experimenter ’s
model. In addition, orthographic representations of stim-
ulus sentences were also provided on a computer screen
positioned in front of the speakers. Speakers produced
each sentence verbatim, including all constituent words.
They were asked to repeat any sentence that did not
include all words per the experimenter ’s perceptual

judgment. Repetitions were required on fewer than 5%
of stimulus sentences across all speakers. Speakerswere
encouraged to speak naturally, as they would in real
communication situations.

Preparing speech samples for playback to listeners.
Digital recordings were transferred to personal computer
via Firewire (IEEE 1394) interface. Video recordings
were edited using Adobe Premiere 6.0 (computer soft-
ware) for Macintosh. Editing involved creating separate
digital video (DV) files for each stimulus sentence produced
by each speaker (40 sentences per speaker—20 predict-
able; 20 unpredictable). Audio samples from DAT were
similarly digitized and edited into individual sentences.
Audio sampleswerenormalized so that peakoutput could
be calibrated for presentation to listeners. Peak ampli-
tude normalization (via Sound Forge 4.1 computer soft-
ware) was used to ensure that maximum loudness levels
of the recorded speech samples were the same across
speakers and sentences while also preserving the am-
plitude contours of the original productions.

Following procedures described elsewhere (Hustad
et al., 2003; Hustad & Cahill, 2003; Hustad, Auker,
Natale, &Carlson, 2003), high-quality normalized audio
recordings from DATwere associated with DV files, and
the native lower-quality audio samples associated with
the video were deleted. This was accomplished using
Adobe Premiere to visually align the two waveforms
(original from DV camera and higher quality from DAT)
and auditory–perceptual judgments to confirm that the
samples were synchronized.

After digitizing and editing all sentences, all video
fileswere copied, anda second set of sampleswas created.
On the second set of samples, the first letter of each word
was experimentally superimposed on the video display.
All alphabet cueswere placed to the right of the speaker ’s
face. Each letter was shown for the duration of the word,
as determined by visual inspection of the waveform
within Adobe Premiere. Procedures for superimposing
alphabet cues onto the habitual audio signal followed
those described by Hustad and Beukelman (2001, 2002).

Table 1. Demographic information for speakers with cerebral palsy and dysarthria.

Speaker Age Gender Dysarthria diagnosis Dysarthria severity SIT score

A 33 M Mixed spastic–hyperkinetic Severe 20%
B 33 F Mixed spastic–ataxic Severe 20%
C 42 F Spastic Severe 27%
D 33 F Spastic Moderate 50%
E 55 M Spastic Mild–Moderate 75%
F 32 F Spastic Mild 83%
G 37 M Spastic Mild–Moderate 75%
H 34 M Hyperkinetic Mild 80%

Note. M = male; F = female.
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Two experimental tasks were created for each of the
speakers, one involving alphabet cues (AC) and one in-
volving no cues (NC). For each task, there was an equal
representation of predictable and unpredictable sen-
tences. Assignment of predictable and unpredictable
sentences to the NC and AC tasks was mutually ex-
clusive, so that each sentence occurred in only one task.
Further, predictable and unpredictable sentences were
sequenced quasi-randomly so that therewere nevermore
than three sentences of either type presented adjacent to
one another.

To guard against potential order effects, two differ-
ent tapes were created for each of the two experimental
tasks per speaker. The two tapes differed in the order in
which sentences were presented. Also, on the second set
of tapes, sentences were assigned to the opposite task
(NC or AC) to which theywere assigned in the first set of
tapes. Half of the listeners for each speaker viewed the
first set of tapes, and half viewed the second set of tapes.

Experimental task. Listeners viewed the broadcast-
quality digital videotapes individually in a sound-
attenuating room. During the experiment, listeners were
seated at a desk and were positioned approximately 3 ft
away from a 27-in television monitor with one external
speaker and a digital videocassette player attached to it.
The peak output level of stimulus material was approx-
imately 70 dBSPL fromwhere listenerswere seated and
was measured periodically to ensure that all listeners
heard stimuli at the same output level.

The experimenter explained to listeners that they
would complete two different tasks, one where a person
with cerebral palsy is talking, and one where the first
letter of eachword is displayed at the same time that the
person is talking. They were told that in each task, the
speaker would produce a different set of sentences. Fol-
lowing each sentence, there would be a break for the
listener towrite downwhat he or she thought the speaker
said. For theNC task, listeners were simply told to watch
and listen.For theACtask, listenerswere instructed that
they would see letters on the video screen that corre-
sponded to the words that the speaker was producing.
They were encouraged to try to use the letters to help
them understand the speaker. For both tasks, listeners
were told that they could take as much time as necessary
to write their response. They were also told that all sen-
tences would consist of real words, but they were not
informed that half of the sentences would be semanti-
cally unpredictable. Finally, listeners were advised that
the speaker would be difficult to understand and to take
their best guess if they were unsure.

Randomization and counterbalancing. To pre-
vent an order effect and/or a learning effect, the order
of presentation of the AC and NC tasks was counter-
balanced. Thus, half of the listeners for each speaker

completed the NC task first, and half completed the AC
task first.

Scoring and Reliability
Listener-generated orthographic transcriptions of

speakers with dysarthria were evaluated by counting
the number of words that were an exact phonemicmatch
to the target words in each utterance produced by the
speakers. This paradigm employed standard procedures
used in other transcription intelligibility studies (seeGarcia
and Dagenais, 1998; Hustad et al., 2003). Misspellings
and homonyms were accepted as correct, as long as all
phonemes in the spoken version of the transcribed word
matched the target word. The presence of morphologic
errors—affecting, for example, tense and number—
rendered the word in which the error occurred incorrect.
The number of words identified correctly was tallied and
divided by the number of words possible for each lis-
tener. This value was used for intelligibility analyses.

Reliability analyses were conducted to ensure the
accuracy of the scoring of listener transcripts. To do this,
all transcriptswere scored a second time using a custom-
ized computer program that was under development at
the time of initial scoring of the transcripts. Results, ob-
tained by calculating the number of word-level agreements
divided by the number of agreements + disagreements,
showed 100% consistency between the hand-scored tran-
scripts and the computer-scored transcripts.

Experimental Design
and Statistical Procedures

This study employed a 2 × 2 × 8 split plot exper-
imental design (Kirk, 1995). Two variables were repeated
measures, and one was a between-subjects measure. The
first repeated measure was cues, and its two categories
were alphabet cues and no cues. The second repeated
measure was predictability, and its two categories were
predictable and unpredictable sentences. The between-
subjects measure was speaker–group, with each of the
8 speakers having a different group of 16 listeners.

Research questions of interest focused on group data
and were specified a priori. Therefore, a planned con-
trast approach to analysis of variance (ANOVA) was
employed in which only the contrasts of interest (collapsed
across speakers)were tested (Hertzog&Rovine,1985;Kirk,
1995;Marascuilo&Levin, 1983;Marascuilo&Serlin, 1988;
Seaman,Levin,&Serlin, 1991).Thisapproach is considered
more conservative than a traditional full-model ANOVA.
Ultimately, this reduces the number of statistical tests and
the associated probability of type I error. Alpha was par-
titioned among the three a priori contrasts using the
Bonferroni procedure. Contrasts with a probability less
than or equal to .0033were considered significant (.01/3).
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Stepwise regression procedures were performed to char-
acterize how variance in difference scores was associated
with different sources. The purpose for this analysis was
primarily descriptive; however, tests of significance are
also reported.

Results
Effects of Semantic Predictability
on Intelligibility

Descriptive statistics showed that mean intelligibility
for highly predictable sentences in the no cues condition
(NCHP) was 47.82% (SD = 24.04). Mean intelligibility for
semantically unpredictable sentences in the no cues con-
dition (NCUP) was 33.06% (SD = 19.19). These data are
displayed graphically in Figure 1. Data for individual
speakers are shown in Figure 2.

To test the effects of semantic predictability on in-
telligibility, one a priori contrast was examined. Results
showed that the mean difference in intelligibility be-
tweenNCUP andNCHPwas significant, withNCHP re-
sulting in intelligibility thatwas 14.76%higher thanNCUP
sentences. Inferential statistics are shown in Table 2.

Effects of Alphabet Cues on Intelligibility
Descriptive statistics showed that mean intelligibil-

ity for semantically unpredictable sentences in the al-
phabet cues condition (ACUP) was 43.13% (SD = 20.42).

Again, mean intelligibility for the NCUP condition was
33.06% (SD = 19.19).

To test the effects of alphabet cues on intelligibil-
ity, one a priori contrast was examined. Results showed
that the mean difference in intelligibility between
ACUP and NCUP was significant, with ACUP resulting
inmean intelligibility that was 10.06%higher thanNCUP
sentences.

Joint Effects of Semantic Predictability
and Alphabet Cues on Intelligibility

Descriptive statistics showed that mean intelligibility
for highly predictable sentences in the alphabet cues con-
dition (ACHP) was 58.31% (SD = 22.75). Again,mean intel-
ligibility for theNCUP conditionwas 33.06% (SD = 19.19).

To test the joint effects of alphabet cues and se-
mantic predictability on intelligibility, one a priori con-
trast was examined. Results showed that the mean
intelligibility difference betweenACHPandNCUPwas
significant, with ACHP resulting inmean intelligibility
that was 25.25% higher than NCUP sentences.

Regression of the Effects of Semantic
Predictability and Alphabet Cues
Onto Overall Intelligibility Gains

To examine the overall gain in intelligibility scores as-
sociated with both semantic predictability and alphabet

Figure 1. Intelligibility by listening condition. NCUP = no cues with unpredictable sentences; ACUP =
alphabet cues with unpredictable sentences; NCHP = no cues with highly predictable sentences; ACHP =
alphabet cues with highly predictable sentences. Error bars represent +1 SD of listener performance.
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cues, difference values were calculated by subtracting
NCUP scores fromACHP scores. This overall gain value
was the dependent variable in the stepwise regression
equation. Independent variables were (a) the gain as-
sociated with semantic predictability alone, as calculated
by subtractingNCUP fromNCHPscores, and (b) the gain
associated with alphabet cues alone, as calculated by
subtracting ACUP from NCUP scores. It is important to
note that all regression procedures were performed using
only these three sets of difference scores. Two statistical
models were examined. The first model was alphabet
cues alone because it had the highest correlation with
the overall gain scores. The second model was alphabet
cues + semantic predictability.

Pearson product–moment correlation coefficients ex-
amining relationships among each of the three measures
of interest were as follows: overall gain and semantic
predictability = .52; overall gain and alphabet cues = .66;
semantic predictability and alphabet cues = .40. Each of
these correlationswas statistically significant (p< .0001).
The R2 value with only alphabet cues in the equation
was .44 (p < .001), indicating that 44% of the variance
was accounted for by alphabet cues and any overlapping
variance with semantic predictability. When semantic
predictability was entered into the equation, R2 change
was .075 (p < .001), indicating that an additional 7.5% of
the variance was accounted for by semantic predictabil-
ity. Examination of squared part correlations revealed

Figure 2. Intelligibility by individual speaker and listening condition. Error bars represent +1 SD of
listener performance.

Table 2. A priori contrasts examining the effects of semantic predictability and alphabet cues on intelligibility
of speakers with dysarthria.

Contrast Mean difference df SE t Observed p value

Semantic predictability
NCHP vs. NCUP 14.761 127 1.073 13.752 .0001

Alphabet cues
ACUP vs. NCUP 15.183 127 .987 15.375 .0001

Semantic predictability
and alphabet cues
ACHP vs. NCUP 25.248 127 1.299 19.427 .0001

Note. NCHP = no cues with high predictability sentences; NCUP = no cues with unpredictable sentences; ACUP =
alphabet cues with unpredictable sentences; ACHP = alphabet cues with high predictability sentences.
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that the shared variance between semantic predictabil-
ity and alphabet cues was .19; thus, 19% of the variance
was accounted for by joint or overlapping effects of the
two sources of knowledge. In addition, the variance ac-
counted for by alphabet cues alone was .25; thus, 25%
of the variance was accounted for by the independent
contribution of alphabet cues. Finally, the variance that
was unaccounted for was .48; thus, 48% of the var-
iance could not be attributed to any of the variables ex-
amined in this study. Results are displayed graphically
in Figure 3.

Discussion
This study examined the effects of two different

sources of signal-independent information on intelligi-
bility of speakers with dysarthria secondary to cerebral
palsy. Of particular interest was (a) the independent
effect of semantic predictability as determined by com-
parison of intelligibility scores on highly predictable
sentences versus unpredictable sentences; (b) the in-
dependent effect of alphabet cues as determined by
comparison of intelligibility scores on unpredictable sen-
tences with alphabet cues superimposed versus unpre-
dictable sentences without alphabet cues superimposed;
and (c) the joint effect of semantic predictability and al-
phabet cues as determined by the comparison of intel-
ligibility scores on highly predictable sentences with
alphabet cues superimposed versus unpredictable sen-
tences without alphabet cues. Finally, this study exam-
ined the extent to which alphabet cues and semantic
predictability accounted for the variability in intel-
ligibility gains when both sources of knowledge were
available. This discussion focuses on interpretation of
findings and clinical implications for each of these
questions.

Effects of Semantic Predictability
on Intelligibility

Results showed that semantically predictable sen-
tences were nearly 15% more intelligible than semanti-
cally unpredictable sentences for listeners of speakers
with dysarthria, demonstrating that semantic predict-
ability has a significant effect on intelligibility. This
result was not surprising, given the findings of previous
studies examining the influence of sentence predictive-
ness (see Boothroyd & Nittrouer, 1988; Duffy & Giolas,
1974; Garcia & Cannito, 1996; Kalikow et al., 1977).

Descriptive data for individual speakers, provided
in Figure 2 and Table 3, showed that there was some
variability among speakers, with most difference scores
ranging between 8% and 24%. Generally, descriptive
differences seemed to be slightly larger for speakers who
were less severely involved than for speakers who were
more severely involved (see Table 3). This observation
suggests that the benefits of semantic predictability were

Figure 3. Percent of variance in overall intelligibility gain explained by the relationship with semantic
predictability, alphabet cues, and overlapping effects for speakers with dysarthria.

Table 3. Mean differences (+1 SD) in intelligibility scores for semantic
predictability and alphabet cues for individual speakers with
dysarthria.

Speaker

Mean descriptive difference

NCHP vs. NCUP ACUP vs. NCUP ACHP vs. NCUP

A 1.13 (6.46) 7.71 (10.25) 13.02 (10.79)
B 8.01 (6.83) 1.98 (9.02) 18.85 (11.32)
C 18.26 (7.63) 13.85 (9.14) 27.42 (13.06)
D 21.46 (9.70) 16.46 (10.45) 37.96 (14.75)
E 9.67 (12.19) 7.71 (11.53) 21.17 (13.65)
F 24.53 (11.60) 14.37 (11.30) 37.08 (12.18)
G 18.44 (10.23) 10.94 (13.15) 25.63 (11.88)
H 16.58 (12.81) 7.50 (13.17) 20.84 (12.37)
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limited to some extent by the intelligibility of individual
words. Research should investigate whether there may
be an intelligibility threshold that is necessary for lis-
teners to benefit from semantic predictability.

Effects of Alphabet Cues on Intelligibility
In thepresent study, semantically unpredictable sen-

tenceswithalphabet cuessuperimposedwereapproximately
10% more intelligible than semantically unpredictable
sentences without alphabet cues for listeners of speakers
with dysarthria. This finding demonstrates that alphabet
cues had a significant and independent effect on intelli-
gibility. Results were consistent with previous research
(Hustad & Beukelman, 2001), which showed that sen-
tence intelligibility scores for 4 speakers with severe
dysarthria increased byanaverage of 18%whenalphabet
cues were superimposed on habitual speech. One reason
for the smaller magnitude of gain in the present study
likely relates to the semantic implausibility of the sentence
stimuli, which resulted in a cleaner test of the effects of
alphabet cues because listeners were unable to apply
their semantic knowledge in the intelligibility task. In the
HustadandBeukelman (2001) study, sentenceswere pre-
dictable in nature, so the findings represented the joint
benefits of semantic predictability and alphabet cues.

Examination of descriptive results for individual
speakers, shown in Figure 3, suggests that there was var-
iability among speakers with regard to the effects of al-
phabet cues on intelligibility of unpredictable sentences.
Most differences ranged between 7% and 16%, although
1 speaker showedamarkedly smallermagnitudeof benefit
than the others—less than 2% gain from alphabet cues.
Because a primary purpose of alphabet cues is to provide
additional information to reduce lexical uncertainty, it
might be expected that cues would bemost useful for lis-
teners of speakers whose intelligibility was worse than
for listeners of speakers whose intelligibility was rela-
tively better. In the latter case, listeners face less phonetic
uncertainty and, therefore, cues would be less likely to pro-
videnew information; as a result, intelligibility gainsmight
be expected to be smaller. However, descriptive findings of
thepresent studydidnot support this assertion. In general,
the magnitude of gain from alphabet cues did not seem to
differ based on severity of dysarthria. Additional research
examining speakers who span a broader continuum of in-
telligibility levels is needed to determinehowseverity (par-
ticularly speakers who are mildly involved) may influence
the usefulness of alphabet cues.

Joint Effects of Semantic Predictability
and Alphabet Cues

Finally, and perhaps obviously, results of this study
showed that semantically predictable sentences with

alphabet cues superimposed were more intelligible than
semantically unpredictable sentences without alphabet
cues for listeners of speakers with dysarthria. The mag-
nitude of the combined impact of the two types of knowl-
edge was approximately 25%, indicating that listeners
use both types of information to their advantage when
presented with degraded speech.

Descriptive differences for individual speakers, again,
reflected some variability, ranging between approximately
13% and 37% across speakers. As with alphabet cues,
descriptive differences for individual speakers did not
seem to be influenced by severity of intelligibility def-
icits. Mean gains for semantic predictability, alpha-
bet cues, and the joint effect of semantic predictability
and alphabet cues seem to indicate that for some (but
not all) individual speakers and their listeners, the two
sources of information may have had a simple additive
effect on intelligibility. This finding is consistent with
other studies examining the influence of supplemental
cues on intelligibility (Hustad & Garcia, 2005; Hustad
et al., 2003) and is further addressed through regression
analyses.

Partitioning the Effects of Semantic
Predictability and Alphabet Cues
on Intelligibility Gains

Several interesting findings emerged from the re-
gression analysis in which overall gain scores were par-
titioned among sources. Alphabet cues accounted for
more variance (25%) than semantic predictability (7.5%),
suggesting more complexity than an additive model
would imply. One potential reason for the greater benefit
from alphabet cues relates to the nature and specificity
of the information provided by the cues—that is, al-
phabet cues provided information regarding initial pho-
nemes of words (via orthography) and word boundaries
(via the duration of the letter cues), both of which were
specific, explicit, and directly relevant to the task of
resolving lexical ambiguity to transcribe sentences.

Also noteworthy was the inseparable joint influence
of semantic predictability and alphabet cues, which
made a contribution to explaining the variance in gain
scores (19%) that was similar in magnitude to alphabet
cues—that is, when both sources of information were
available, they acted to enhance intelligibility in a unique
way that could not be attributed to either source alone.
This finding lends support to Hustad and Beukelman’s
(2001) speculation that alphabet cues may interact with
or enhance the usefulness of linguistic knowledge. How-
ever, the specificmanner inwhich this occurs is unknown.
One possibility is that alphabet cues may have served as
an important source of information for resolving lexical
uncertainty to someminimal level. Once listeners reached
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this point, they may have been able to use semantic
predictability more effectively.

Although slightly more than half of the variance in
gain scoreswas accounted for by semantic predictability,
alphabet cues, and joint sources of information, almost
half of the variance in gain scores was unexplained.
This indicates that other variables not examined in the
present study had an important influence on listener
performance. Examination of Figure 1 shows that the
standard deviations for each speakerwere large for all of
the experimental conditions. Listener-related candidate
variables that may play a role in this variability include
perceptual tuning or learning that occurs over the course
of an experiment, effort, self-efficacy, and motivation.
Variables related to the speaker also likely influence
listeners’ success. Speaker-related candidate variables
include severity of the speech impairment, subsystem
involvement and characteristics, and spectral and tem-
poral acoustic characteristics of the speech signal.

Recently, Klasner and Yorkston (2005) developed
measures to describe barriers and strategies to intel-
ligibility for listeners of speakers with amyotrophic lat-
eral sclerosis and Huntington’s disease. Although they
did not quantify production characteristics beyond per-
ceptual features of speech, their research suggested that
dysarthria type may influence both barriers to intel-
ligibility and listening strategies. Examination of bar-
riers and strategies that listeners use for speakers with
cerebral palsy along with a description of acoustic fea-
tures of speech may be one way to begin mapping per-
ceptual strategies onto production characteristics in order
to identify different sources of variability in intelligibility
scores. Research is needed in this area.

Clinical Implications
The present study highlights the importance of the

listener in speech intelligibility. Indeed, intelligibility
of the same speakers was markedly altered based on
the semantic content of utterances and based on presen-
tation of experimentally superimposed alphabet cues,
both in the absence of any production modifications by
the speakers. In general, findings were consistent with
other research, demonstrating that semantic predictabil-
ity andalphabet cueswere both powerful sources of infor-
mation that enhance intelligibility. However, this study
extended previous work through the finding that these
two sources of information made mutually exclusive as
well as overlapping contributions to intelligibility gains,
with alphabet cues being amore powerful source of infor-
mation than semantic predictability.

Interventionists agree that communication part-
ners should be involved in speech therapy for individuals

with dysarthria (Yorkston et al., 1999). Findings related
to the significant impact of semantic predictability raise
the possibility that perhaps interventions aimed at help-
ing communication partners use their semantic knowl-
edge could increase communicative success for speakers
with dysarthria. Similarly, interventions aimed at teach-
ing speakers how to construct messages that capital-
ize on listener ’s semantic knowledge would likely have
equal promise.

With regard to the effects of alphabet cues, gener-
alization to clinical contexts is difficult because the cues
were experimentally superimposed on habitual speech
in the present study. This study demonstrated, however,
that listeners were able to make use of alphabet cues
evenwhen these cueswere presented for short durations
and in rapid succession. In some sense, findings present
a “worst-case scenario” regarding the effects of alphabet
cues. When cues are actually implemented by speakers,
rate of speech tends to decrease, with longer pauses be-
tween words (Hustad & Garcia, 2005; Hustad et al.,
2003), so listeners benefit from the effects of pauses
between words, increased processing time, and the al-
phabet cues themselves. Consequently, the magnitude
of benefit from alphabet cues would likely be larger when
speakers actually implement the strategy. However,
further research is necessary to understand the myriad
of variables that affect speech intelligibility.

Limitations and Future Directions
The present study explored a clinical topic using a

highly controlled and contrived experimental paradigm.
As such, there are a number of important limitations
related to the speech stimuli, the speaking context, and
the listening task, none of which reflect communicative
interaction in any sort of real circumstance. Studies that
examine ecologically valid communication situations are
needed to gather information about the spontaneous lan-
guage that speakers use and listeners’ ability to employ
different sources of information inmore natural contexts.

From this study, and previous ones, it is clear that
intelligibility of dysarthric speech is influenced by a
variety of variables related to both the speaker and the
listener. Future studies should examine the influence of
other sources of information on intelligibility of dysarthric
speech—for example syllable shape and complexity, syn-
tactic complexity, utterance length, and prosodic con-
tour. Understanding how these sources of information
impact listener performance will further our knowledge
base regarding potential avenues for enhancing intelli-
gibility. From there, interventions that capitalize on
important sources of information can be developed
and validated for speakers with dysarthria and their
listeners.

Hustad: Contribution of Linguistic Information 1237



Acknowledgments
This research was funded by Grant R03 DC005536 from

the National Institute on Deafness and Other Communication
Disorders. These data were presented at the 2005 American
Speech-Language-Hearing Association Annual Convention,
San Diego, CA. Thanks to Caitlin Dardis, Lisa Igl, and Jamie
Weisman for assistance with collecting data from listeners and
analyzing intelligibility results.

References
Beliveau, C., Hodge, M., & Hagler, P. (1995). Effect of
supplemental linguistic cues on the intelligibility of severely
dysarthric speakers. Augmentative and Alternative
Communication, 11, 176–186.

Beukelman, D. R., Fager, S., Ullman, C., Hanson, E., &
Logemann, J. (2002). The impact of speech supplementation
and clear speech on the intelligibility and speaking rate of
peoplewith traumatic brain injury.Journal of Medical Speech
Language Pathology, 10, 237–242.

Beukelman, D., & Yorkston, K. (1977). A communication
system for the severely dysarthric speaker with an intact
language system. Journal of Speech and Hearing Dis-
orders, 42, 265–270.

Beukelman, D. R., & Yorkston, K. (1979). The relationship
between information transfer and speech intelligibility of
dysarthric speakers. Journal of Communication Disorders,
12, 189–196.

Boothroyd, A., & Nittrouer, S. (1988). Mathematical
treatment of context effects in phoneme and word recogni-
tion. The Journal of the Acoustical Society of America,
84, 101–114.

Connolly, J. H. (1986). Intelligibility: A linguistic view.
British Journal of Disorders of Communication, 21,
371–376.

Crow, E., & Enderby, P. (1989). The effects of an alphabet
chart on the speaking rate and intelligibility of speakers
with dysarthria. In K. Yorkston & D. Beukelman (Eds.),
Recent advances in clinical dysarthria (pp. 100–108).
Boston: College Hill Publishers.

Darley, F., Aronson, A., & Brown, J. (1969). Clusters of
deviant speech dimensions in the dysarthrias. Journal of
Speech and Hearing Research, 12, 462–496.

DePaul, R., &Kent, R. D. (2000). A longitudinal case study of
ALS: Effects of listener familiarity and proficiency on
intelligibility judgments. American Journal of Speech-
Language Pathology, 9, 230–240.

Dongilli, P. (1994). Semantic context and speech intelligibil-
ity. In J. Till, K. Yorkston, & D. Beukelman (Eds.), Motor
speech disorders: Advance in assessment and treatment
(pp. 175–191). Baltimore: Paul H. Brookes.

Duffy, J. R., & Giolas, T. G. (1974). Sentence intelligibility as
a function of key word selection. Journal of Speech and
Hearing Research, 17, 631–637.

Garcia, J., & Cannito, M. (1996). Top-down influences on the
intelligibility of a dysarthric speaker: Addition of natural
gestures and situational context. In D. Robin, K. Yorkston, &
D. Beukelman (Eds.),Disorders of motor speech: Assessment,
treatment, and clinical characterization (pp. 89–103).
Baltimore: Paul H. Brookes.

Garcia, J. M., & Dagenais, P. A. (1998). Dysarthric sentence
intelligibility: Contribution of iconic gestures and message
predictiveness. Journal of Speech, Language, and Hearing
Research, 41, 1282–1293.

Hertzog, C., & Rovine, M. (1985). Repeated-measures
analysis of variance in developmental research: Selected
issues. Child Development, 56, 787–809.

Hustad, K. C. (in press). Effects of speech stimuli and
dysarthria severity on intelligibility of speakers with
cerebral palsy. Folia Phoniatrica et Logopaedica.

Hustad, K. C., Auker, J., Natale, N., & Carlson, R. (2003).
Improving intelligibility of speakers with profound dysar-
thria and cerebral palsy. Augmentative and Alternative
Communication, 19, 187–198.

Hustad, K. C., & Beukelman, D. R. (2001). Effects of
linguistic cues and stimulus cohesion on intelligibility of
severely dysarthric speech. Journal of Speech, Language,
and Hearing Research, 44, 497–510.

Hustad, K. C., & Beukelman, D. R. (2002). Listener
comprehension of severely dysarthric speech: Effects of
linguistic cues and stimulus cohesion. Journal of Speech,
Language, and Hearing Research, 45, 545–558.

Hustad, K. C., & Cahill, M. A. (2003). Effects of presentation
mode and repeated familiarization on intelligibility of
dysarthric speech. American Journal of Speech-Language
Pathology, 12, 1–11.

Hustad, K., & Garcia, J. (2002). The influences of alphabet
supplementation, iconic gestures, and predictive messages
on intelligibility of a speaker with cerebral palsy. Journal of
Medical Speech Language Pathology, 10, 279–285.

Hustad, K. C., & Garcia, J. M. (2005). Aided and unaided
speech supplementation strategies: Effect of alphabet cues
and iconic hand gestures on dysarthric speech. Journal of
Speech, Language, and Hearing Research, 48, 996–1012.

Hustad, K. C., Jones, T., & Dailey, S. (2003). Implementing
speech supplementation strategies: Effects on intelligibility
and speech rate of individuals with chronic severe dysar-
thria. Journal of Speech, Language, and Hearing Research,
46, 462–474.

Kalikow, D. N., Stevens, K. N., & Elliot, L. L. (1977).
Development of a test of speech intelligibility in noise
using sentence material with controlled word predictability.
The Journal of the Acoustical Society of America, 61,
1337–1351.

Kent, R., Weismer, G., Kent, J., & Rosenbek, J. (1989).
Toward phonetic intelligibility testing in dysarthria. Jour-
nal of Speech and Hearing Disorders, 54, 482–499.

Kirk, R. (1995). Experimental design: Procedures for the
behavioral sciences (3rd ed.). Pacific Grove, CA: Brooks/Cole
Publishing.

Klasner, E. R., & Yorkston, K. M. (2005). Speech intelligi-
bility in ALS and HD dysarthria: The everyday listener ’s
perspective. Journal of Medical Speech Language Pathology,
13, 127–139.

Lindblom, B. (1990a). On the communication process:
Speaker–listener interaction and the development of
speech. Augmentative and Alternative Communication,
6, 220–230.

Lindblom, B. (1990b). Explaining phonetic variation: A
sketch of the H&H theory. InW. J. Hardcastle & A.Marchal

1238 Journal of Speech, Language, and Hearing Research • Vol. 50 • 1228–1240 • October 2007



(Eds.), Speech production and speechmodeling (pp. 403–439).
Dordrecht, the Netherlands: Kluwer Academic.

Lindblom, B. (1996). Role of articulation in perception: Clues
from production. The Journal of the Acoustical Society of
America, 99, 1683–1692.

Liss, J. M., Spitzer, S., Caviness, J. N., & Adler, C. (2002).
The effects of familiarization on intelligibility and lexical
segmentation in hypokinetic and ataxic dysarthria.
The Journal of the Acoustical Society of America, 112,
3022–3030.

Marascuilo, L. A., & Levin, J. R. (1983). Multivariate
statistics in the social sciences: A researcher’s guide.
Monterey, CA: Brooks/Cole Publishing.

Marascuilo, L. A., & Serlin, R. C. (1988). Statistical methods
for the social and behavioral sciences. New York: Freeman.

Miller, G. A., Heise, G. A., & Lichten, W. (1951). The
intelligibility of speech as a function of the context of the test
materials. Journal of Experimental Psychology, 41, 329–335.

Nye, P. W., & Gaitenby, J. H. (1974). The intelligibility of
synthetic monosyllabic words in short syntactically normal
sentences. New Haven, CT: Haskins Laboratories.

O’Neil, J. J. (1957). Recognition of intelligibility test materi-
als in context and isolation. Journal of Speech and Hearing
Disorders, 22, 87–90.

Salasoo, A., & Pisoni, D. (1985). Interaction of knowledge
sources in spoken word identification. Journal of Memory
and Language, 24, 210–231.

Seaman, M. A., Levin, J. R., & Serlin, R. C. (1991). New
developments in pairwise multiple comparisons: Some
powerful and practicable procedures. Psychological Bulletin,
110, 577–586.

Sitler, R. W., Schiavetti, N., & Metz, D. E. (1983).
Contextual effects in the measurement of hearing-impaired
speakers’ intelligibility. Journal of Communication Dis-
orders, 11, 22–30.

Weismer, G., & Martin, R. (1992). Acoustic and perceptual
approaches to the study of intelligibility. In R. Kent (Ed.),
Intelligibility in speech disorders (pp. 67–118). Philadelphia:
John Benjamins.

Yorkston, K., & Beukelman, D. (1978). A comparison of
techniques for measuring intelligibility of dysarthric speech.
Journal of Communication Disorders, 11, 499–512.

Yorkston, K. M., Beukelman, D. R., Strand, E. A., & Bell,
K. R. (1999). Management of motor speech disorders in
children and adults (2nd ed.). Austin, TX: Pro-Ed.

Yorkston, K., Beukelman, D., & Tice, R. (1996). Sentence
Intelligibility Test. Lincoln, NE: Madonna Rehabilitation
Hospital.

Yorkston, K., Strand, E., & Kennedy, M. (1996). Compre-
hensibility of dysarthric speech: Implications for assessment
and treatment planning. American Journal of Speech-
Language Pathology, 5, 55–66.

Received February 3, 2006

Revision received June 26, 2006

Accepted March 6, 2007

DOI: 10.1044 /1092-4388(2007/ 086)

Contact author: Katherine C. Hustad, 475 Waisman Center,
University of Wisconsin–Madison, 1500 Highland Avenue,
Madison, WI 53705. E-mail: kchustad@wisc.edu.

Hustad: Contribution of Linguistic Information 1239



Appendix. Examples of semantically anomalous sentences and predictable sentences.

Examples of semantically anomalous sentences
(Nye & Gaitenby, 1974)

Examples of predictable sentences
(Hustad & Beukelman, 2001, 2002)

The wrong shot led the farm He wanted a new car
The short arm sent the cow Jason liked the large pickup trucks
The salt dog caused the shoe On July fourth, most people celebrate
The chance sun laid the year Some towns have local parades
The near stone thought the ear Some towns host a public cookout
The fine lip tired the earth Jeffrey and Jacob are sports fanatics
The clean book reached the ship They had a tailgate party first
The far man tried the wood This spring the weather was horrible
The dry door paid the race The river rose above its bank
The hot nest gave the street The town was a disaster
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