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ABSTRACT

This study investigated the communicative effectiveness and speech
intelligibility of a speaker with severely impaired speech. Adult normal subjects
viewed one of four video dips depicting an individual with a speech impairment
having a conversation with a normal-speaking individual in four different modes:
1) unaided speech; 2) speech combined with natural gestures; 3) speech
combined with alphabet and topic supplementation; and 4) electronic voice
output communication aid with no natural speech. Subjects rated communicative
effectiveness on a 7-point interval scale. Subjects were also instructed to
transcribe the conversation. Speech intelligibility was measured from
transcription data. Results of this study indicated that there was a significant
effect (p<.01) for communication modes. Percent intelligibility scores for the
voice output communication aid were significantly superior (p<.01) to that of the
unaided speech condition, speech combined with alphabet and topic
supplementation, and speech combined with gestures. Results also indicated
that the ratings of communicative effectiveness were significantly higher (p<.01)
for the voice output communication aid condition than for the other modes of
communication. These findings support the hypothesis that the use of a
technological communication system will increase the communication success
and opportunities of an individual with a severe speech impairment.
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Chapter I
INTRODUCTION

Dysarthria is the result of a neurological impairment caused by a stroke,
traumatic brain injury, or a progressive disease. The impairment to the nervous
system may result in weakness, paresis, or reduced muscle tone of the speech
mechanisms. Dysarthria has been termed as an expressive speech disorder
affecting articulation, phonation, resonation, and prosody. Symptoms of
dysarthria may Include imprecise consonants, distorted vowels, and breathy
voice, often resulting in unintelligible speech.
One treatment method that is being utilized to enhance communicative
abilities for individuals with dysarthria is augmentative and alternative
communication (AAC). AAC is an area of clinical practice that attempts to
compensate either temporarily or permanently for the impairment and disability
patterns of individuals with severe expressive communication disorders. The
primary goal of AAC intervention is to allow impaired speakers to participate in a
variety of communicative contexts by enhancing their communication with
various aids and strategies. These aids may include systems ranging from
alphabet supplementation (Hustad, 1999), in which the person uses an alphabet
board to point out the first letter of each spoken word, to a computer device that
uses synthetic voice output.
The use of AAC strategies and techniques to enhance communicative
effectiveness has led to research in the area of attitudes toward augmented

communicators. The areas of investigation have included preference of
technological sophistication of the AAC device, intelligibility, and communicative
effectiveness of the speaker. Gorenflo, Gorenflo, and Santer (1994) reported
that there were significantly (p<.005) less favorable ratings toward the low-tech
devices for augmentative communication than for the high-tech devices. Their
research concluded that more natural-sounding synthetic voices positively
influenced the attitudes of listeners without disabilities. Raney and Silverman
(1992) concurred that the higher the technological sophistication of the device,
the more accepting the listeners' attitudes were. The research of Gorenflo et al.,
(1994) also revealed that listeners preferred a synthetic voice that sounded
natural, was highly intelligible, and gender-specific. An earlier study by Gorenflo
and Gorenflo (1991) substantiated the findings that a computer-based
communication system was preferred for increased communicative effectiveness
of nonspeaking individuals. The results of their study found that attitudes toward
persons using a computerized augmentative communication system were
significantly (p<.001) more favorable than unaided speakers or speakers using
an alphabet board.
Other topics of interest regarding the intelligibility of dysarthric speech are
the use of nonverbal cues, semantic context cues, and alphabet
supplementation. Past studies (Beukelman and Yorkston, 1977; Garcia and
Cannito, 1996a; Garcia and Cannito, 1996b; Hustad and Beukelman, 1999;
Hustad, 1999) have shown that nonverbal cues such as gesturing, contextual
information, and alphabet boards provide additional information to enhance the

listeners' perception of speech. Garda and Cannito (1996a) studied the
influence of gestures and message predictiveness on sentence intelligibility of
dysarthric speech. It was demonstrated that speech accompanied by gestures or
highly predictive sentence content was rated as more intelligible than speech
alone. When comparing gestures with no gestures, they found that there was a
significant increase (approximately 21%) in the intelligibility of speech
accompanied by gestures. Garcia et al. (1996a) concluded that this
demonstrates that gestures alone convey a substantial amount of semantic
information.
Garcia and Cannito (1996) and Hustad (1999) found that intelligibility
increased by up to 16% when topic cues were provided to listeners. Regarding
alphabet supplementation, Hustad and Beukelman (1999) found that the use of
alphabetic cues increased intelligibility of dysarthric speakers up to 24%.
Another study by Beukelman and Yorkston (1977) revealed that intelligibility
increased by up to 47% when speakers used alphabet supplementation.
Hustad's (1999) research revealed that intelligibility was 34% higher when these
two types of cues (alphabet and topic supplementation) were combined rather
than used alone. In addition, it was found that listeners judged speakers to be
most effective when using mixed cues and were more willing to communicate
with them.
The present study was designed to extend the previous work by having
various listeners rate the communicative effectiveness and transcribe the
communication sample of a speaker with severe mixed dysarthria in four different

modes: 1) unaided speech; 2) speech combined with natural gestures; 3) speech
in conjunction with alphabet and topic supplementation; and 4) electronic voice
output communication aid with no natural speech. Subjects were instructed to
transcribe the conversation and rate communicative effectiveness on a 7-point
ordinal scale. Speech intelligibility was measured from transcription data.

Chapter II
REVIEW OF LITERATURE

Augmentative and Alternative Communication
AAC is an area of clinical practice that attempts to compensate for the
impairment and disability patterns of individuals with severe expressive
communication disorders. Candidates for AAC intervention are unable to meet
their daily communication needs through natural speech. AAC intervention
enables non-speaking individuals to participate in diverse communicative
situations by facilitating their communication with various aids, strategies, and
techniques.
Aided vs. Unaided Techniques
AAC strategies consist of aided and unaided techniques. The aided
system requires that a device be used to transmit or receive the communication
messages. These objects may include communication books, alphabet boards,
or electronic devices. The unaided system uses only natural body parts to assist
in relaying or receiving communication messages. A person may implement this
strategy by using facial gestures, hand gestures, eye gaze, or hand signs.
Attitudes
Attitudes toward persons who use AAC techniques and methods have
been researched more thoroughly over the past few years. This new technology
has spurred the interest of many as to what form of supplemental communication
is more effective and more easily understood. Embodied within speech

supplementation are communication boards, alphabet boards, gestures, and
voice output AAC devices.
Gorenflo and Gorenflo (1991) described attitudes as a positive or negative
feeling about a person, object, or issue that endures. They further hypothesized
that an attitude is a construct that has a cognitive component, an affective
component, and a behavioral tendency. The cognitive component is the belief
associated with the object; the affective component is the emotion attached to
the belief; and the behavioral tendency refers to the manner in which a response
is given to that particular object. In 1994, Gorenflo et al stated that measuring
attitudes required a psychometric instrument that could tap into these three
components combined. They found that The Attitudes Toward Nonspeaking
Persons Scale (ATNP) (Gorenflo &Gorenflo, 1991) was a reliable and valid
instrument for investigating the attitudes of individuals toward augmentative
communication systems.
Gorenflo and Gorenflo (1991) studied the attitudes of nondisabled
speakers toward speakers with disabilities across four conditions: giving the
listeners printed information about the person with disability, the individual using
unaided speech, speech with an alphabet board, and a computer-based voice
output communication aid. Attitudes of listeners were measured using the
Attitudes Toward Nonspeaking Persons Scale (ATNP) (Gorenflo & Gorenflo,
1991) and the Attitudes Toward Disabled Persons Scale (ATDP) (Yuker et al.,
1966). Subjects responded to these scales using a 5-point scale with the end
points being "strongly agree" and "strongly disagree." The results of this study

indicated that persons who received factual information about the speaker with a
disability gave a more favorable evaluation of his speech. They also found that
attitudes toward the impaired speaker were more favorable when the individual
used the computer voice output communication aid rather than unaided speech
or the alphabet board.
Gorenflo and Gorenflo (1994) studied the effects of four different
voice synthesizers on attitudes of typical speakers toward augmented speakers.
Subjects viewed one of four videotapes in which an individual with impairment
was using a VOCA system to communicate with a typical speaker. The voice
synthesizers used in each videotape were ArticR65B male voice, Smoothtalker
3.0 male voice, RealVoice female, and DECtalk female voice. The ATNP scale
(Gorenflo & Gorenflo, 1991) was used to measure the attitudes of the listeners
toward the augmentative communication condition. The results of the study
indicated that listeners prefer voice output synthesizers that promote easy
listening. It was not suggested, however, that gender-specific or age appropriate
voices influenced the attitudes of typical speakers.
Garcia and Cannito (1996b) conducted a study that investigated the
influence of gestures on the intelligibility of a speaker with severe dysarthria.
The speaker produced 16 sentences in two conditions, with and without
gestures. Typical listeners orthographically transcribed either the utterances
produced using natural speech combined with gestures or natural speech alone.
The results of the study revealed that intelligibility ratings increased by as much
as 25% when gestures were used simultaneously with natural speech. This

finding suggests that gestures carry semantic content information that aids
listeners in understanding impaired speech.
In a subsequent study by Garcia and Cannito (1996a), the effect of verbal
and nonverbal cues on the intelligibility of a speaker with severe flaccid
dysarthria was examined. Sentences were produced by the speaker with
dysarthria under four conditions: (a) speech with concurrent gestures, (b)
predictive message content, (c) specific situational contexts, and (d) prior
familiarization with the speaker. It was found that utterances accompanied by
gestures were 4 1 % intelligible while nongestured utterances were 28%
intelligible, highly predictive sentences were 50% intelligible while low predictive
sentences were 28% intelligible, and contextually related sentences were 37%
intelligible while unrelated sentences were 32% intelligible. It was surmised from
this analysis that sentences accompanied by gestures, or highly predictive
content, or those that are contextually related, were more intelligible than
sentences without these features.
In summary, past research (Garcia and Cannito, 1996a & b; Gorenflo and
Gorenflo, 1991) has indicated that the use of an augmented communication
system (i.e., gestures, alphabet supplementation, VOCA) can enhance the
communication of a speaker with a speech impairment. Attitudes were reported
to be more favorable when the individual used a computer voice output
communication aid rather than low-tech AAC strategies (Gorenflo and Gorenflo,
1991; Hustad, 1999). Additionally, Gorenflo and Gorenflo (1994) found that
listeners prefer voice output synthesizers that promote easy listening. Gender8

specific or age appropriate voices, however, did not influence the attitudes of
listeners.

Chapter 111
METHODOLOGY

Subjects
Subjects include 132 students majoring in an area of allied health at Texas
Tech University Health Sciences Center. Subjects were divided into four groups.
Each group viewed one of four videotapes.
Materials
Video clips. Four videos clips were recorded that depicted a speaker with
dysarthria having a communicative interaction with a typical speaker. During
videotaping, the conversation participants were seated across from one another
in a room free of extraneous distractions. The recording equipment was placed
on a tripod in the same room.
Speakers. The individual with a speech impairment was an adult male
with a speech pattern characteristic of severe mixed dysarthria. His primary
speaking characteristics included limited speech intelligibility and decreased
vocal intensity. On the initial testing with the Assessment of Intelligibility of
Dysarthric Speech, which was conducted approximately 3 years prior to the
experiment, his intelligibility was determined to be 20% at the word level.
Following treatment, which included strategies to increase breath support, and
eliminate non-essential words, and use of a voice output communication aid
(VOCA), his intelligibility at word level was retested and resulted in a score of
50%. He presents with many associated deficits that impact his communication
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abilities such as shallow respiration, persistent body flexion, drooling, and a
varying level of fatigue.
The typical speaker was a female adult who was a graduate student in
speech-language pathology. She was also the experimenter and aware of the
experimental purpose.
Script: In order to control for effects of conversational styles across
experimental conditions, the same script was used in each tape. The comments
and responses were, therefore, identical across all four conditions.
Assistive technology devices: The alphabet board was constructed with a
white background and black letters. The letters were arranged in a pattern
identical to that of a computer keyboard due to subject familiarity with that layout.
The voice output communication aid used for this study was a LightWRITER
device. It had one LCD screen for the speaker and one for the communication
partner which facilitated easier communication. Additional features included textto-speech synthesis, male and female adult voices, child's voice, and languages
other than English.
Procedure
Four video clips were constructed depicting a male speaker with
dysarthria having a conversation with a typical female speaker in varying
speaking conditions. The speaking conditions included a conversation in which
the individual used unaided speech, speech combined with gestures, speech
combined with alphabet supplementation and topic supplementation, and use of
a VOCA with no natural speech. To control for possible effects of conversation
11

styles across speaking conditions, the same conversation was used in each tape.
The two speakers were seated diagonally across a table with typed scripts in
front of them for the speech combined with gestures, speech combined with
alpha/topic supplementation, and voice output communication aid conditions.
For the unaided speech condition, the script was written on cue cards and held in
front of the speaker with impairment at eye level. The scripts were typed in a
large font to ensure smooth reading. The room was well-lit and free of
extraneous distractions.
The subjects were informed that the purpose of the study was to
investigate the communicative effectiveness and speech intelligibility of a
severely speech-impaired speaker across four different communication modes.
The subjects were then told that they would view a short video clip in which two
people were having a conversation. One of the individuals was a speaker with
dysarthria/augmented speech (depending on the condition) and the other
individual was a nondisabled speaker. The clip was shown on a TV monitor that
was positioned at the front of a classroom. The subjects were then told to
transcribe the verbalizations of the speaker with dysarthria as he was speaking.
After the video clip was shown and the transcriptions were complete, subjects
were given the communicative effectiveness scale to mark their opinions.
Research Design
A between group design was used to evaluate the effect of independent
variables on dependent variables. In order to determine whether differences
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exist in the perception of communicative effectiveness across the four conditions,
a one-way ANOVA was performed.
The independent variable was the type of communication being employed.
Subjects were distributed using a stratified sample approach which resulted in 31
to 35 subjects for each condition: (a) unaided speech, (b) speech with gestures,
(c) speech with alpha supplementation and topic supplementation, or (d) vocal
output communication aid without speech.
The dependent variables were the ratings given by the subjects on the
communicative effectiveness scale and the measurement of intelligibility after
viewing one of four videos. On the communicative effectiveness scale, subjects
responded to nine statements by rating their level of agreement on a 7-point
ordinal scale. For the intelligibility rating, the subjects transcribed the utterances
of the speaker with dysarthria, and speech intelligibility was measured from this
data.
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Chapter IV
RESULTS

Data from each condition (i.e., unaided speech; speech combined with
natural gestures; speech in conjunction with alphabet and topic supplementation;
and voice output communication aid) were analyzed using two dependent
measures.
Intelligibilitv Scores
Figure 1 depicts the data obtained on intelligibility scores across four
conditions. Data obtained were analyzed using a one way ANOVA. Results
indicated that there was a significant effect for communication modes [F (3,
128)= 1137.87, p < .01). Post-hoc comparisons using Fisher's PLSD indicated
that percent intelligibility scores for the voice output communication aid condition
(mean = 91.97) were significantly superior (p <.01) to that of the unaided speech
condition (mean = 16.06), speech combined with alphabet and topic
supplementation condition (mean = 8.17), and speech supplemented with
gesture condition (mean = 3.35).
Perceptions of Communicative Effectiveness
Ratings of communicative effectiveness were analyzed using a nonparametric Friedman ANOVA by ranks (Siegel & Castellan, 1988). Results
revealed that ratings of communicative effectiveness were significantly higher for
the voice output communication aid condition (X^ = 349.25; df = 3, p < .01) than
for speech combined with gestures, alpha/topic supplementation combined with
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speech, and unaided speech conditions. Friedman rank across four conditions
are depicted in figure 2. Pair-wise differences among conditions were analyzed
using a Wilcoxon signed-rank test. Statistics for each Wilcoxon signed-rank
contrast are shown in Figure 1.
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Figure 4.1: Mean percent intelligibility ratings by typical listeners across four
modes of communication.
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Figure 4.2: Friedman Rankings for Communicative Effectiveness across four
modes of communication.
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TABLE 4.1: Wilcoxon Signed Rank Test statistics for follow-up contrasts.

Unaided Speech
vs.
Gestures

Unaided Speech
vs.
VOCA

Gestures
vs.
VOCA

z= -3.742

z=-13.924

z=-13.171

p= .0002

p= <.0001

p= <.0001

Alpha/Top
vs.
Unaided Speech

Alpha/Top
vs.
Gestures

VOCA
vs.
Alpha/Top

z=-3.130

z= -.589

z=-13.828

p= .001

p= .5561

p= <.0001
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Chapter V
DISCUSSION

In summary, the present study demonstrated that, for one dysarthric
speaker, communication using a voice output communication aid (VOCA)
obtained higher intelligibility scores (91% intelligibility) than unaided speech,
speech supplemented with gestures, or alphabet board and topic
supplementation combined with speech. In addition, higher communicative
effectiveness ratings were obtained for the VOCA system In comparison to the
other communication modes. These findings support the hypothesis that the use
of a technological communication system will increase the communication
success and opportunities of an individual with a severe speech impairment. The
implication, therefore, is that the use of a computer-based communication system
may be necessary to enhance the communicative interactions between a
speaker with a severe speech impairment and his conversation partners without
impairment.
Interestingly, speech alone was perceived as the next most intelligible
form of communication (16% intelligibility) followed by alphabet board and topic
supplementation with speech (8% intelligibility) followed by speech with gestures
(3% intelligibility). In contrast, other research studies showed that combined
cues (alpha/topic supplementation) were rated as highly intelligible (Hustad,
1999), followed by speech combined with gestures (Garcia & Cannito, 1996a)
which, in turn, were rated higher than speech alone.
19

There are several possible factors that may have contributed to the higher
intelligibility rating for the unaided speech condition. The first of these factors
may have been a lack of competing tasks. In the unaided speech condition, the
listeners were only required to listen and write. They were not burdened with
having to also watch the video clip. For the conditions In which gestures and
alpha/topic supplementation were used, however, the listeners were given the
additional task of looking at the video in search of additional visual cues. These
additional cues may have served as a hindrance rather than an aid for these
individuals because it forced them to simultaneously write, listen, and look as
they were trying to decipher the communicative message.
The second factor that may have influenced the findings of this research in
comparison to other studies (Hustad, 1999; Garcia & Cannito, 1996a) was the
presence of associated deficits. In addition to severe mixed dysarthria, this
individual presented with many other factors that had a negative impact on his
communication abilities such as shallow respiration, persistent body flexion,
drooling, and a varying level of fatigue. This individual had many deficits and,
reportedly, any minor change could have a significant effect on the abilities that
he was able to demonstrate from one day to the next.
The third possibility was that scripted material was used for taping in order
to maintain consistency across conditions. This caused added responsibility for
the speaker with impairment that would not be characteristic of natural, daily
interactions. Therefore, the more that was scripted the harder the task. For the
unaided speech condition, the only responsibility of the Individual was to read the
20

printed words. For the condition in which the speaker used speech and gestures,
he had to read the words that were scripted in addition to remembering and using
the gestures that were scripted. For the condition in which speech was used with
alpha/topic supplementation, the speaker had to read the scripted words,
remember to point to the first letter of every word, find all the letters, and hold up
cards to indicate topic changes. In short, an increase in task difficulty may have
caused a decrease in attention to speech production.
The last and most likely factor to be considered was the posture of the
speaker and the presentation of the script. In the condition in which the
individual used unaided speech, the script was presented to him on cue cards
held In front of him at eye level. This caused the speaker to sit upright, looking
foHA/ard so that he could read the script. In the condition in which he used the
alphabet board and topic supplementation, he was facing toward the alphabet
board so that he could see the letters and, therefore, had to hold the script In his
hands. This caused the posture of the individual to be flexed, slightly turned, and
looking down at the script. In the speech supplemented with gestures condition,
the script was also held in the hands of the speaker which caused his posture to
be flexed and looking down.
The use of scripted material makes it difficult to generalize the effects of
this research to natural conversation. An individual using his own natural
gestures would not have the pressure of using scripted gestures, and
conversation would therefore flow more smoothly. In contrast, however, the use
of alpha/topic supplementation in natural interactions would still require the

21

individual with speech impairment to search for the first letter of every word
spoken and identify any topic changes within his conversation. Additionally, his
body posture would still maintain a slightly turned position so that he could see
the alphabet board.
In conclusion, the present findings indicate that voice output
communication aid may be the most beneficial technique for enhancing
communicative effectiveness of a person with a severe speech impairment. The
superior speech intelligibility scores and communicative effectiveness rankings
obtained for voice output communication aid In this study has significant clinical
and public policy implications.
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APPENDIX
COMMUNICATIVE EFFECTIVENESS SCALE
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APPENDIX
COMMUNICATIVE EFFECTIVENESS SCALE

1. Conversing with a familiar listener
1
2
Least
Effective

3

4

5

6

7
Most
Effective

6

7
Most
Effective

2. Conversing with a stranger
1
2
Least
Effective

3

4

5

3. Conversing with familiar listeners over the phone

1

2

7
Most
Effective

Least
Effective

4. Conversing with strangers over the phone

1

7
Most
Effective

2

Least
Effective
5. Conversing In noise

1

3

2

4

Least
Effective

7
Most
Effective

6. Conversing while traveling in a car

1

2

Least
Effective

7
Most
Effective
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7. Conversing at a distance

1

2

3

4

5

7
Most
Effective

Least
Effective
8. Speaking in front of a group

1

2

3

4

5

7
Most
Effective

Least
Effective
9. Speaking in special circumstances
1
2
Least
Effective

3

4

5

6

7
Most
Effective
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