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ABSTRACT

CHILDREN'S ATTITUDES TOWARD
SYNTHESIZED SPEECH VARYING IN QUALITY

BY

Sheila Bridges Freeman

The goal of this research was to examine child
listener's preferences and attitudes in response to natural
speech and varying types of voice-output communication aids.
This research addresses the following questions:

1) Does the attitude of the child listener toward the

child VOCA user vary as a consequence of different

types of synthetic and natural speech used?

2) Do child listeners express a preference for

different types of synthetic and natural speech?

3) Is there a relationship between the child

listener's preference for natural and synthetic speech

and his/her attitude toward the child VOCA user?

To investigate these questions two tasks were
performed. In the first task, children's attitudes toward
the hypothetical user of four types of speech (natural child
voice, SmoothTalker 3.0, RealVoice, and DECtalk) were
examined by the administration of a modified attitude
measure, the CATCH (Rosenbaum, Armstrong, King, 1986). In
the second task the subjects rated the quality of the same
four voices along a 5-point Likert scale (Miranda, Eicher,

and Beukelman, 1981).
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Seventy-eight fourth grade children were randomly
assigned to one of the four vocal conditions cited above.
In Task I each subject heard an audio recording of a child's
monologue in the assigned voice then completed the CATCH
questionnaire. 1In Task II the subjects rated samples of
each of the four voices on a 5-point Likert scale.

Children's overall attitudes toward the child VOCA user
and overall voice quality preference were positive. A
significant correlation was found to exist between voice
preference and attitude. However, this correlation was
found only to explain 13% of the variance. The major
findings of this study indicate that children are clearly
avare of differences in voice type and express a distinct
choice for voices they like versus those they do not like.
This suggests that a voice-output communication device
should not be blindly prescribed. 1Its level of quality and
level of listener's preference may contribute to the
attitude of the listener toward its user and thus the social

interaction between speaking and nonspeaking child peers.
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CHAPTER I

INTRODUCTION

The impact of voice synthesis and computer technology
has provided a new direction in the realm of augmentative and
alternative communication. Many once speechless persons have
been given the means by which to verbally communicate,
converse, lecture, debate, orate, pray, and even sing for the
very first time. Voice-output communication has become a
reality for thousands of individuals (Dahmke, 1982).

However, it is suspected that even more individuals could
potentially benefit from such technology (Cohen & Palin,
1986) due to advancements in both dedicated augmentative
communication systems (e.g. Alltalk, Touch Talker, Light
Talker;.Epson SpeechPAC, Vois 136) and adapted laptop
microcomputers (e.g. RadioShack Models 100, 102, 200, Toshiba
T1100 Plus, and Zenith 183). In the past decade, both
approaches to communication systems design have been
increasingly successful in meeting the needs of sensorily,
physically, and communicatively handicapped individuals in
their flexibility, accessibility, compatibility,
expandability, and portability (Schwartz & Koenig, 1987).
The social and cognitive development of handicapped children
has been particularly enhanced by the current technology
(hardware and software) which enables them to become active

participants in their environment.
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When compared to nonspeech or unaided augmentative modes
of communication, voice-output communication aids (VOCAs) do
offer a number of advantages. VOCAs provide the opportunity
to experience speech production for the first time, to
interact with individuals across the room or even at greater
distances by telephone. VOCA users are no longer restricted
to a visual mode of communication where initiation of
interaction is dependent upon first establishing eye contact
nor are they limited to interacting with sighted and literate
individuals. The auditory feedback of speech synthesis
provides the user immediate feedback upon the occurrence of
an error in constructing a message, in order to self-correct
and to facilitate the learning of new vocabulary.
Consequently, the frequency of communication breakdowns is
significantly decreased with less familiar interactants who
may not be familiar with manual signing, picture symbol or
other non-oral communication system. As most text-to-speech
systems generate an unlimited and/or programmable vocabulary
with an extensive storage capacity, most users are not
limited by lack of access to an elaborate vocabulary as
needed. Such systems afford the user multiple output options
including a display and printer (Vanderheiden, 1983;
Eulenberg & Rahimi, 1978; Goossen & Kraat, 1985; Harris,
1982; Kraat, 1985; Locke & Mirenda, 1988).

Oon the other hand, there are limitations to voice-output

communication aids. It is still unrealistic to expect VOCA
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use to directly parallel spoken communication. While current
technological advancements have significantly improved the
vocal quality and intelligibility of speech synthesis, VOCaAs
continue to fall short in these areas, lacking the capability
of replicating the intonation found in emotional expression
(humor, sarcasm, anger, compassion, etc.) necessary for
telling a joke, debating an issue, expressing sympathy,
consoling, reprimanding, etc. Speech synthesis also
continues to lack the capacity to express appropriate
differences in gender, age, social, regional and ethnic
dialect as well as personality characteristics of the
individual user. Equally limiting is the lack of
adaptability to less than optimal speaking conditions (i.e.
projection over noise or whispering in a quiet environment).

To date, little research has examined the possible
impact of these VOCA limitations on their functional adequacy
as a communicative tool. The following are among the kinds
of questions raised by this issue: How does intelligibility
impact on social interaction, communicative effectiveness,
and attitude of the listener? How does the "unnatural®
quality of synthesized speech impact on the listener, and on
his/her attitude toward the user? 1Initially, does this
"unnatural®" quality evoke negative attitudes from child peers
which may be detrimental to social interaction and the
establishment of social relationships?

This study was not designed to answer all these

questions. Rather, it has focused generally on children's
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preferences for and acceptance of synthesized speech in
anticipation that the results would have practical
implications for the design and selection of voice-output
communication aids. Specifically, this investigation
addressed the question of whether a relationship exists
between children's voice quality preferences for varying
types of voice-output communication aids and child peer
social acceptance.

This question is considered relevant to the potential
child VOCA user as research has indicated that the lack of
social and communication experiences as a result of
disability places the disabled child VOCA user at risk for
experiencing reduced expressive communication skills (Kraat,
1985). Research suggests that children with developmental
conditions resulting in communication impairment and physical
disabilities may have reduced social, communicative, and
cognitive experiences (Harris & Vanderheiden, 1980; Morris,
1981; Yoder & Kraat, 1983). Developmental delay has been
identified as a consequence of limited social participation
(Strain & Shores, 1977). While not all severely physically
limited children evidence impoverished experience, they
reflect a high risk population. Physical limitations
restrict independence and the exploration of objects. Within
the home environment the caregiver often fails to recognize
the need to provide stimuli important to social and cognitive
development which the child is unable to independently
provide or request. Disabled children have few opportunities
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to play and interact with individuals outside the environment
of their immediate family where social relationships are
mandatory (Richardson, 1969). These relationships are
maintained for a long time with limited opportunity or
exposure to voluntary social relationships with a variety of
other people (Richardson, 1969).

With the 1975 passage of The Education for All
Handicapped Children's Act ( P.L. 94-142), there has been an
integration of nonspeaking physically disabled children into
the education system, carrying out a philosophy of improving
educational quality and opportunity with the hope of changing
the attitudes of nonhandicapped peers. Despite the growing
phenomenon of heterogeneous groups of handicapped and
nonhandicapped children in public schools, severely
physically handicapped children tend to interact with adults
(teachers and aides) more than with their peers.

Guralnick (1981) cites experimental evidence that in
small play groups nonhandicapped children can play an
important role in educational and therapeutic programs
(Guralnick, 1976; Apolloni & Cook, 1978). While
nonhandicapped children have been observed to adjust the
complexity and characteristics of their communication to the
level of their handicapped peers (Guralnick & Paul-Brown,
1980) failure at their initial attempts toward interaction
reduces and eventually extinquishes further chances for

repeated attempts (Goldstein & Terrell, 1987).
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While the provision of an augmentative communication
system is often seen as a way to increase peer social
interactions thererby reducing this social isolation, this
goal obviously could not be met if children have negative
attitudes toward VOCA voice qualty. Numerous studies provide
evidence which suggests that speech characteristics can evoke
negative attitudes. In the 1960's studies in
sociolinguistics in particular revealed sensitivity to and
awareness of the attitudes evoked by dialectal and language
variations (Anisfeld & Lambert, 1964; Fishman 1969; Tucker,
1969; Ervin-Tripp, 1967). Similar findings have been
reported as a result of examining disordered and normal vocal
charaétertistics as described in the following section.

Attitudes toward vocal characteristics. Giles and
Powesland (1975) attribute the tendency to make judgements
and inferences about people on the basis of physical and
acoustic characteristics as representing the application of
our own "implicit"™ personality theories. 1In this way, we
construct impressions about individuals based on the
information which has been made available to us. Giles and
Powesland (1975) cite the following studies which examine the
contributions of voice quality to listener's attitudes and
impressions.

‘Mehrabian and Weiner (1967) examined the relative
contributions of vocal qualities and verbal content to the
impressions people form regarding receptiveness

(like/dislike) of the person they are addressing. They
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quantified these contributions as; 7% being from speech
content, 38% from vocal qualities, and 55% from facial
information. This was consistent with the findings of Argyle
and associates (1970) suggesting that under certain
circumstances noncontent cues can carry more weight than the
content itself.

Seligman, Tucker and Lambert (1972) lend supporting
evidence regarding the importance of noncontent speech cues
for evaluating personality. Student-teachers were asked to
make subjective judgements using a 7-point scale regarding
eight 3rd-grade boys based on photographs, tape-recorded
speech and a sample of their work (composition and a
drawing). Results showed that boys with "good" voices were
consistently rated more favorably (i.e. more intelligent,
more privileged, self-confident, gentle and enthusiastic)
than the boys with "poor" voices. The authors thus concluded
that speech style was an important clue to teachers in their
evaluations of students.

Addington (1968) found that idiosyncratic
characteristics of voice (thinness, flatness, nasality,
tenseness, throatiness and orotundity) evoked personality
stereotypes (i.e. breathy-feminine, pretty; thinness-social,
physical and mental immaturity).

itude W vocal ¢ . The
distinction made between normal and disordered vocal
characteristics is often a subjective judgement. Yet, we

find a high rate of agreement among listeners with regard to
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those vocal characteristics deemed "unusual®". The social
impact of disordered vocal quality can not be underestimated.

Beukelman (Kraat, 1985) cites a case study where a
dysarthric woman seeking employment found certain
characteristics of her voice quality evoked quite negative
reactions. This case study is one of many which illustrate
the need to systematically determine those characteristics
which are most detrimental to social interaction and
attitude.

Blood, Mahon and Hyman (1979) examined the effect of
voice disorders on personality and appearance judgements.
Results indicated a significant difference between the
ratings of normal and disordered speakers. Voice disordered
speakers elicited significantly more negative responses on
judgements pertaining to speaker's personality and
appearance.

Silverman (1976) conducted a study to determine whether
a lateral lisp was perceived to be a speech defect by naive
listeners. Two groups of students rated "The Person
Speaking" (lateral lisp speaker or normal speaker) based on a
49-scale semantic differential. Results, indicated the
lateral lisp was reported to call adverse attention to the
speaker such that 37 of the 49-item scale were judged
negatively.

These studies have examined perceptions evoked by
disordered speech characteristics (lateral lisp) and vocal

quality. Semantic differentials and categorical ratings
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illustrate the negative perceptions which span dimensions of
personality, appearance, acceptability, and handicapp. It is
quite possible to generalize such findings to synthesized
speech. The insight found in Sarah Blackstone's statement,
"If these synthesizers were alive we would be treating them
in our augmentative clinics!"™ (Blackstone, 1988) illustrates
an analogous relationship between synthesized and disordered
speech.

It is quite evident from these studies that vocal
characteristics of the normal and disordered voice contribute
greatly to listener's attitudes and impressions toward the
speaker, hence contributing in some instances more than
verbal content to receptiveness and social attractiveness, as
well as evoking personality stereotypes such as femininity,
attractiveness, and social and mental maturity.

Communjcative interaction between verbal and nonverbal
communicators. Unfortunately, little is known about the
communicative interaction between speakers and users of
electronic augmentative communication devices. However, the
research suggests that the availability of an augmentative
communication system does not necessarily promote or lead to
effective communication or social interaction. The
passive/respondent role of the augmentative system user has
been cited by a number of studies (Calculator & Luchko, 1983;
Harris, 1982; Calculator & Dollaghan, 1982; Ferrier & Shane,
1981) . Among studies relevant to this issue is the research

of Harris (1978) (as cited by Kraat, 1985). In this study
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three children using AutoComs were observed interacting with
their teachers in three contexts. The nonspeaking children
were found to use aids minimally, rarely interact with peers,
infrequently initiate exchanges and communicated primarily
through one word responses and non-verbal behaviors. This
behavior contrasts with the interaction among nondisabled
children which occurs primarily with peers.

Augmentative system users have a reduced number of
interactants, communicating less often with peers, younger
children, and less familiar persons (Ferrier & Shane, 1981;
Yoder & Kraat, 1983) to the detriment of not only the
handicapped child but also his/her nonhandicapped peers. The
benefits of such interaction lie not only in providing a
necessary language learning, socially and emotionally
enriching experience to the handicapped child but also to
his/her speaking counterpart.

Consequently, this study examined the relationship
between the listener voice quality preference for varying
types of VOCAs and the level of peer (child VOCA user)
acceptance as measured by scores on an attitudinal measure.
This study attempts to answer the following questions:

1) Does the attitude of the child listener toward the

child VOCA user vary as a cbnsequence of the

varying types of natural and synthetic speech used?

2) Do child listeners express a preference for

different types of synthesized and natural speech?
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3) Is there a relationship between the child
listener's preference for natural and synthetic speech
and his/her attitude toward the child VOCA user?

These questions were addressed by eliciting from chilad
subjects, (1) their attitudes toward the hypothetical users
of four types of speech (three synthesized and one naturally
produced) and, (2) their ratings of voice quality preference
for the same four voices. This study hopefully can lead to a
clearer understanding of the social impact of synthesized
speech.

The literature review which follows examines these
issues in two parts. Part one addresses the vocal
characteristics and problems associated with synthesized
speech. Part two reviews current studies examining
intelligibility and listener's preference for natural and

synthetic speech.
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CHAPTER II

REVIEW OF THE LITERATURE

"It is the listener's subjective reactions to
synthesized speech that are important to the ultimate utility
of a particular speech synthesizer" (Nusbaum, Schwab, &
Pisoni, 1984). The acceptance of a VOCA is a major
consideration in its selection and for eventual success in
its functional use. The use of a device must take place in a
social interactive situation to be functional, thus its
acceptance must be by both the user as well as those in
his/her environment. In his discussion on "presentation of
self" Goffman (1959) stated that communication is one way in
which we present ourselves to other people in this world and
attempt to influence what they see and think of us. This
presentation is made in several ways,‘including our choice of
words, our tone of voice, the attité&es we display and the
topics we choose (cited in Kraat, 1985). An essential
characteristic of speech or spoken communication, necessary
for effective communication is its contribution to conveying
attributes of the speaker, such as the speaker's personality,
emotions, geographical, ethnic and socioeconomic background,
his or her relative relationship to the listener, and a
natural voice quality consistent with the speaker's age,
gender, and developmental level (Newell, 1984; Eulenberg et
al., 1985).

12
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Unfortunately, many of these characteristics essential
to natural speech are lacking in synthesized speech, thus
evoking much criticism regarding the unnatural and
questionable intelligibility of speech synthesizers (more
specifically, VOCAs). Such criticism has been well
documented. Some aid users have expressed very negative
feelings about the unnatural quality and poor intelligibility
of synthetic speech. Negative feelings are clearly conveyed
in this statement by Holmquist, a VOCA user, "I must confess,
I can't identify myself with the voice™ (Kraat, 1985, p.
123).

VOCA users and listeners have expressed concern for
intelligibility and need for more appropriate expressive
intonation (Eulenberg et al. 1985). Bernstein (1985) pointed
out that VOCA users wish to have the ability to express
themselves with the full range of emotions and attitudes as
most people, ranging from gentle/compassionate to
impatient/angry. All people want voices which are
appropriate to their ages and gender. Bernstein identified
three ways in which VOCAs need to be improved upon to address
these issues. First, increased phonetic accuracy is needed
to increase the similarity between a synthesized and a real
voice and to facilitate word identification; second,
indexical flexibility, enabling the user to select speech
attributes that identify the speaker's age, gender, size,

regional accent, and dialect; and third, paralinquistic
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control, giving the user control over those attributes of
speech conveying the emotional attitude of the speaker (i.e.
urgency, friendliness, impatience, etc.). 1In the absence of
these features current systems have been described as
unnatural.

In Klatt's, (1986) discussion of the evolution of text-
to-speech synthesis, he identified error rate, unnatural
timing, intonation, and voice quality (vowel quality change
as a function of stress and phonetic environment) as
parameters contributing to the listeners' impressions of
unnaturalness.

According to Galyas, (1988) (cited by Crabtree et al.,
1989) quality of synthetic speech is dependent upon two
related but independent dimensions, intelligibility and
naturalness. Because of the high correlation found between
intelligibility and naturalness (Klatt, 1985), low
intelligibility may be highly predictable of unnatural voice
quality. Intelligibility studies have shown that many of the
currently available speech synthesizers have low
intelligibility, with scores below the 81% intelligibility
level needed for speech to be understood (Blackstone, 1988).

In summary, concern has been expressed regarding the
male robotic voice quality, lacking in appropriate gender
(female) and age (child) which characterizes many speech
synthesizers. The unnaturalness of the speech reflects the

lack of proper paralinguistic features of inflection, pause,
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rhythm, and rate, resulting in a lack of emotional tone and
reduced intelligibility (Bernstein, 1986; Eulenberg et al.,
1985; Klatt, 1986).
Speech Synthesjzers

Improvement of vocal quality in speech synthesis is
apparently no small task, as the development of human
sounding speech synthesizers has been in the making for well
over 30 years. The technology of speech synthesis has been in
existence since the 1950's where its early use was found in
military and industrial application (Blackstone, 1988).
However, its first application to augmentative communication
only came into being a little more than a decade ago.

In May 1978, the Phonic Mirror HandiVoice appeared on
the market as the first commercially available VOCA
(Eulenberg et al., 1985). The Votrax VSH voice synthesizer,
a low-power single-board was manufactured for this device.
The Phonic Ear Vois, an improved product of the same line was
introduced in 1982 using the Votrax SCO1 synthesis chip
(Eulenberg et al., 1985). These early versions were
described as being very "male and robotic" sounding. 1In
response to the criticisms of VOCA consumers and concerned
others, regarding the poor intelligibility, inappropriate
intonation, and male robotic quality, other technologies were
developed. Quality was somewhat improved with the 1982
introduction of the Vocaid (Texas Instrument) which was based

on linear predictive coding (Eulenberg et al., 1985). 1In
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spite of its improved quality it still possessed a male vocal
quality and generated a limited vocabulary. Since that time
a variety of technologies have been employed in VOCAs, the
two more popular being digitization and text-to-speech
synthesis.

Digitization represents a high-quality of speech
production most closely simulating the quality of the human
voice. Digitized speech recording is produced by collecting
natural speech samples with a microphone and passing it
through a series of filters and a digital-to-analog converter
(Cohen & Palin, 1986). The output is a high fidelity
replication of the original signal. The advantage of this
technique is its ability to generate a variety of voices
through the recording of gender-, age-, and family-
appropriate speech. However, a major disadvantage is the
excessive amount of computer memory required for coding and
storing each individual sample, thus lacking the flexibility
for generating a spontaneous vocabulary by text. The
application of digitized speech is found in the Alltalk
(Adaptive Communication Systems, Inc.) and the IntroTalker
(Prentke Romich, Co.).

Manufacturers of speech synthesizers utilize a highly
specialized pattened formula which has not been released to
the public. Due to the competitiveness of the market,
companies use proprietary technology. However, the general

principle of text-to-speech synthesis employs a flexible
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mathematical algorithm which represents rules for combining
acoustic properties and rules for pronunciation. Its design
is based on an explicit model or set of rules of how sounds
are related to words, phrases, and punctuation. As a result,
standard orthographic text input as generated by keyboard or
alphanumeric membrane, is converted into phonetic text and
then changed into a parametric description of speech which
specifies the frequency and amplitude of various sound
sources and resonances at each point in time. This parametric
stream is then used to synthesize an acoustic signal (Mirenda
& Beukelman, 1987; Blackstone, 1988).

The variation in quality found among speech synthesizers
can in part be attributed to the complexity of the series of
linguistic processes by which input is accepted and
processed. DECtalk (Digital Equipment Corp.) generates
signal parameters based on a constructive synthesis algorithm
designed by Dennis Klatt (1980). Text input by computer
keyboard is first converted to a pronunciation code using a
dictionary and set of algorithmic rules (Cohen & Palin,
1986) . By generating speech parameters from scratch (without
using portions of prerecorded speech segments) the parameters
specify the frequency and amplitude of various sound sources
and filters (Bernstein, 1988). The code is then used to
create speech via a digital-to-analog converter (Cohen &

Palin, 1986). This method is employed to produce the
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DECtalk, male, female and child voices (Mirenda and
Beukelman, 1987).

The most important differences between the principle of
constructive synthesis found in the DECtalk versus other
synthesizers (contributing to its high level of
intelligibility) is the "level of detail in which phonetic
events are modeled and the number of context-sensitive rules
used to imitate natural segment-to-segment transitions"
(Bernstein, 1988).

Much of the naturalness of speech found in the higher
quality of speech synthesis can be attributed to the use of
concatenated diphones. Diphones are segments of speech that
begin at the steady-state frequency midpoint of one phoneme
and ends at the steady-state midpoint of the succeeding
phoneme, thus preserving the natural transition found between
phonemes (as opposed to allophones or triphones). The
application of concatenated diphones is found in DECtalk,
SmoothTalker 3.0 (male and female) as well as the RealVoice
(Mirenda & Beukelman, 1990; Blackstone, 1988). SmoothTalker
3.0, developed by First Byte and found in Prentke Romich
Company's Touch Talker and Light Talker, uses a software
driven approach for generating speech. RealVoice is used by
Adaptive Communication Systems, Inc., in the SpeechPac and
ScanPac and most recently has been made available to be
compatible with a variety of computers and other products

(Blackstone, 1988).
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Vocal Quality

Limited research has been generated examining the vocal
quality of voice-output communication aids. The paucity of
literature in this area may be partially attributed to the
just recently improved higher quality of speech synthesis.
However, past research has examined natural voice quality as
ascribed to human speech and the attitudes thus evoked.
Before examining the quality issue of synthesized speech it
is important to examine a general framework of voice quality
and those characteristics to which it has been ascribed.

Vocal characterjstics. Voice quality is a complex
acoustic phenomenon composed of many features such as volune,
pitch, pause, duration, inflection, rhythm, and rate.

Subject to the ear of the individual listener, as well as the
listener's age, gender, culture, and context, perception of
voice quality is quite subjective.

Personality traits such as "kind"-"cruel",
"strong"-"weak", "pretty"-"homely", “fast"-"slow", are often
ascribed to vocal characteristics. Speech characteristics
affect the way in which we perceive and evaluate others.
Initial impressions are often based on perceived vocal
quality resulting in quick judgements about who we would or
would not trust, or would not like as a friend, colleague or
neighbor (Newcombe, 1986). Descriptive labels are often
subjectively attached to voice quality reflecting personality
traits (e.g. "pleasant"), esthetic quality (e.g."beautiful"),

)
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or acoustic characteristics (e.g. "hoarse, "nasal"). While
pleasantness is subjective and may vary depending on the
speaker's culture, age, gender, as well as context, gutteral,
harsh, throaty, hoarse, thin, nasal, denasal, and breathy are
most commonly agreed upon as unpleasant or undesirable
qualities (Newcombe, 1986). The following ascribed
characteristics serve to illustrate the degree of negativity
they evoke. Nasal quality suggests laziness. A breathy
quality suggests fragility and helplessness. Thin vocal
quality is interpreted as weak or immature and strident
quality as shrewish (Newcombe, 1986).

Voice quality can not be completely isolated from other
distinguishing vocal features such as volume, pitch, pause,
duration, inflection, rate, and rhythm. Pitch patterns can
convey meaning, clarifying stressed versus unstressed
syllables (e.g. im'port vs. im port') (Newcombe, 1986).
Variation of pitch or vocal inflection serve to identify
statements as declarative, interrogative, imperative, or
explanatory (Newcombe, 1986). Pitch also indicates emotions
such as anger, sarcasm, humor, and connotative meaning
serving to stimulate and sustain the listener's level of
interest. The absence of pitch variation (monotone
inflection) suggests coldness, boredom, ignorance, and
mechanical or robotic characteristics (Newcombe, 1986).

Pauses mark the end of a thought sequence, establish

mood, or indicate change in time, place, and characters. The
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number, length, and location affect the rhythm, perceived
fluency, rate and meaning of oral communication. An
excessive number of pauses disrupts fluency, such that the
listener perceives the rate as excessively slow and labored.
Number of words or syllables pronounced within a specific
amount of time also determine rate.

Rate is a major factor in determining intelligibility of
a message. Like the other measures, pause and pitch, rate is
subjective, dependent upon the listener's level of interest
in the topic, emotional involvement, and time restrictions.
A rate which is considered slower than normal is perceived as
lethargic, monotonous, or lacking in self-confidence. A rate
considered as faster than normal is perceived to be pushy,
aggressive, or eager (Newcombe, 1986). Fluency of diction
and consequently intelligibility are sacrificed in instances
of both excessively fast or excessively slow rates.
Intelligibilit £ S h_Synthesi

Within the past decade much of the research concerning
speech synthesis has been in the area of synthetic versus
natural speech intelligibility and listener perception. Much
of this research has been generated by Pisoni and colleagues
at the Speech Research Laboratory (Department of Psychology)
at Indiana University. Various methodologies have been used
to examine intelligibility and listener perception. For
instance, Greene, Logan and Pisoni (1986), and Greene, Manous

and Pisoni (1984) used the Modified Rhyme Test (MRT) (House,
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Williams, Hecker, and Kryter, 1965), a closed-response test
in which the subjects were presented stimulus items in stem
form on an answer sheet and wvere then required to supply the
missing letter (based on his/her perception of the auditory
stimulus) given six response alternatives.

In another study examining constraints on the perception
of synthetic speech generated by rule, Nusbaum and Pisoni
(1985) utilized both a closed- and open-response format
version of the MRT, the Harvard psychoacoustic sentence (i.e.
sentences which are both syntactically correct and
meaningful), and the Haskins syntactic sentences (i.e.
sentences which are syntactically correct but not
meaningful). These tasks examined word recognition in
sentences.

Greene and Pisoni (1988) examined listening
comprehension in connected speech in which 15 narrative
passages were presented with a set of multiple-choice
questions taken from standardized adult reading comprehension
tests.

In the research of Mirenda and Beukelman (1987, 1990)
the intelligibility of speech synthesizers was examined using
the Computerized Assessment of Intelligibility of Dysarthric
Speech Software (CAIDS: Yorkston, Beukelman, & Traynor,
1984). This software was used to construct the stimulus
sentence and word intelligibility tasks. Utilizing an Apple

IIe computer the authors were able to generate stimulus
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sentences from a master pool of 100 sentences. Word lists
were generated in a similar way.

These studies represent just some of the procedures used
to examine intelligibility and listener perception. Due to
variability in methodology as well as variability in issues
related to intelligibility, it is not possible to make direct
comparisons among these studies. However, general findings
suggest that, (1) listeners can comprehend speech from the
text-to-speech synthesizers in question (i.e. MITalk-79,
Prose 2000, and DECtalk) at fairly high levels of performance
compared to other speech synthesizers, (2) context is a
powerful aid to understanding, and (3) only after a few
minutes of exposure to synthesized speech output, subjects’
comprehension level improves substantially (Greene & Pisoni,
1988) . At this point the intelligibility studies of Mirenda
and Beukelman (1987, 1990) will be discussed.

Mirenda and Beukelman (1987) compared the
intelligibility of four different voice types (Echoll+,
Votrax Personal Speech System, DECtalk and a natural voice)
by listeners from three different age groups (6-8 year olds,
10-12 year olds, and adults) in single word and sentence
intelligibility tasks. The results indicated that the word
intelligibility scores were lower than the sentence
intelligibility scores for all speech synthesizers but not
for natural speech. In the word intelligibility task
significant differences in intelligibility were found among
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the four speech types ranging from natural voice, DECtalk
(male, female, and child), Votrax, and Echo II. No
difference between age groups was found.

In the sentence intelligibility tasks differences were
found between the voice types and age groups. Intelligibility
scores were found to decrease with decrease in age, however,
no significant difference in intelligibility was found
between intelligibility scores for the natural voice and the
three DECtalk voices (male, female, and child).

Examining the performance of the 6-8 year olds, word
intelligibility scores were reported to range from 93.6%
(natural voice) to 30.8% (Echo+ with standard english
spelling). The DECtalk child voice (Kit the Kid) received an
intelligibility score of 59.6%.

Sentence intelligibility scores ranged from 94.2%
(natural voice) to 35.8% (Echo+ with standard English
spelling). The DECtalk child voice received a sentence
intelligibility score of 80.9%. The authors expressed some
concern regarding the interpretation of these result.
Beukelman and Yorkston (1979) (as cited by Mirenda &
Beukelman, 1987) found that subjects' ability to answer
questions about passages read by a dysarthric speaker
deteriorated rapidly when the speaker's intelligibility
decreased below approximately 81%. This evidence suggests
that while DECtalk voices were not found to be significantly
different in intelligibility from natural speech, it may be
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significantly inferior to natural speech in terms of
information transfer (i.e. level of comprehension). Because
the level of information transfer begins to decrease rapidly
at 81% in adults, it may be suspected that children would
experience even greater difficulty, as in the sentence
intelligibility task, intelligibility was found to decrease
with decreasing listener age.

More recently, a second study by Mirenda and Beukelman
(1990) compared word and sentence intelligibility among
natural speech and seven speech synthesizers (SmoothTalker
3.0 male, SmoothTalker 2.0 male, SmoothTalker 2.0 female,
RealVoice female, Artic R65B, Votrax SC02, and Lightwriter
voice) by listeners from three age groups (7-8 year olds, 11-
12 year olds, and adults). Different patterns of
intelligibility were found across the three age groups and
eight vocal conditions. In spite of differences found among
the three age groups an overall trend was noted. Natural
speech was found to be more intelligible in all of the data
sets (with the exception of the adult sentence task where the
SmoothTalker 3.0 male was statistically equivalent in
intelligibility to the natural speech). Four groupings of
voice intelligibility emerged, a) natural speech; b)
SmoothTalker 3.0 male and RealVoice; c) Votrax SC02, Artic
R65B, and Lightwriter; and d) SmoothTalker 2.0 female and

male.
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Examining the performance of the younger child group (7-
8 year olds) intelligibility scores for the word
intelligibility tasks ranged from 96.29% (natural speech) to
27.71% (SmoothTalker 2.0 male). Word intelligibility for the
RealVoice and the SmoothTalker 3.0 male was 48.57% and 45.43%
respectively. Comparison of these scores with that obtained
for the 6-8 year olds for the DECtalk child (59.6%) as
reported by Mirenda and Beukelman (1987) (in the previously
cited study) indicates that word intelligibility is poorer
for these two synthesizers.

Scores for the sentence intelligibility tasks for 7-8
year olds ranged from 94.76% (natural speech) to 41.11%
(SmoothTalker 2.0 male and female). Sentence intelligibility
for the RealVoice female and SmoothTalker 3.0 was 50.63% and
67.46% respectively. Natural speech, SmoothTalker 3.0, and
RealVoice intelligibility scores were found to be
significantly different. Comparison of these scores with
that obtained for the 6-8 year olds for the DECtalk child
(80.9%) as reported by Mirenda and Beukelman (1987) indicates
that sentence intelligibility is poorer for these two
synthesizers.

Naturalness of voice quality may or may not include
intelligibility, as speech may be quite intelligible but lack
naturalness due to what the listener perceives to be a "male
robotic" quality. Yet, naturalness may be sacrificed as a

consequence of poor intelligibility. Naturalness thus
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reflects the degree to which speech resembles that of human
speech. In order to examine the issue of natural quality it
is necessary to investigate the subjective perception and
level of acceptance expressed by listeners.

Attitudes toward and preference for synthetic speech.
only within the past several years have studies begun
examining listener's preference for and acceptability of
various types of synthesized speech. Speech synthesizers
examined have included DECtalk, SmooothTalker, RealVoice,
Echo II+, Votrax Type-N'-Talk, MITalk, Prose 2000, and the
Artic R65B. Preference and acceptability were found to be
largely determined by many of the same qualities evaluated in
natural speech, including naturalness, intelligibility, and
age- and gender- appropriateness. As a consequence, in most
instances natural voice was preferred over synthetic speech
(Crabtree et al., 1989; Quist & Lloyd, 1988; Nusbaum, Schwab
& Pisoni, 1984).

Listener preference for natural and synthetic speech.

A variety of methods have been used as a way to "get at the
subjective measure of speech quality". Many of these methods
have evaluated speech quality in terms of subjective
preference (Nusbaum et al., 1984). Nusbaum and associates
(1984) identified the following methods of preference
ratings.

The relative preference method utilized reference

samples of speech spanning a range of speech quality.
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Listeners then make pairwise preference comparisons between
the test and reference samples. Other methods have used
rating scales and multidimensional scaling of judgements
along with Osgood's semantic differential technique. This
technique elicits judgements of speech quality along
different rating scales as defined by opposing adjectives
(e.g. "annoying" vs. "pleasant®). Voiers (1977) (as cited by
Nusbaum et al., 1984) generalized the rating scale approach
found in the Diagnostic Acceptability Measure. 1In utilizing
this approach listeners rated speech samples on several
different rating scales which measured a different perceptual
measure of quality (i.e. raspiness).

In the absence of a systematic investigation of
perceived quality, studies have elicited measures of
intelligibility, preference, and naturalness using one or a
combination of the previously described methods. In Voiers'
(1980) (as cited by Nusbuam et al., 1984) comparison of
several vocoders in different noise conditions he concluded
that acceptability is strongly related to intelligibility of
speech.

Nusbaum and associates (1984) examined human speech, the
Votrax type-'n-talk, and the MITalk-79 under 4 conditions.
Subjects were required to: 1) complete a test of
comprehension based on passages read by each of the 3 vocal
conditions, 2) rate the speech on each of 17 scales defined

by opposing adjective pairs, 3) provide an estimate of how
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much they would trust different kinds of information provided
in the speech they had heard, and 4) answer several questions
on their reactions to various aspects of the experiment.
These activities served to lead to the development of an
evaluation test that indicated subjective differences between
natural and synthetic speech and provided information about
the acceptability of different types of text-to-speech
synthesizers.

This study resulted in identifying suprasegmental
qualities of speech that served to target differences between
natural and synthetic speech (i.e. to reflect the listener's
perception of the naturalness of speech). Qualities ascribed
by listeners to synthetic speech were that it was more
choppy, coarse, old, harsh, rough, and foreign than natural
speech. These qualities were related to general prosodic
characteristics, intonation and timing. It was further
concluded that acceptability was closely related to the
intelligibility of the speech. Adjective pairs describing
the acceptability of speech relative to intelligibility were
comfortable/frustrating, and annoying/ pleasant. The degree
of effort involved in understanding the speech samples (i.e.
easy/hard, clear/confusing, distracting/ improves
concentration) suggested the listeners' perceived level of
intelligibility.

Mirenda, Eicher, and Beukelman (1989) examined the

preferences of 4 age groups (6-9 year olds, 10-12 year olds,
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adolescents and adults) in rating 11 different voices (4
natural and 7 synthetic) along a 5-point Likert Scale given 6
different contexts. Varying contexts were presented given
the following hypothetical users: adult male, adult female,
child male, child female, computer, and self.

The eleven voices used in the study included: a) DECtalk
male; b) DECtalk female; c) DECtalk child voice; d) Echo II+
(standard English spelling entered); e) Echo II+
(phonetically entered); f) Votrax (standard English spelling
entered); g) Votrax (phonetically entered):; h) natural adult
female voice; i) natural adult male voice; j) natural child
female voice and; k) natural child male voice. The subjects
were required to rate each recording of a two minute story
read by the eleven voices, along a 5-point Likert scale,
ranging from "I would like it alot™ to "I wouldn't like it at
all®. 1In the rating of each voice the subjects were asked to
imagine that the speaker was related to them in some way
(i.e. father, mother, brother, sister, self, computer).

The results indicated that the female listeners (across
all ages) found only the natural female voice acceptable for
their own voice while rejecting all other alternatives (i.e.
male natural and all synthetic voices). The male listeners
were more receptive to voices which were gender-appropriate,
while accepting the female voices for the hypothetical female
and child users. Age groups differed in preference for an

acceptable computer voice: children preferred synthetic
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speech, and adults preferred a more natural sounding voice.

One interesting observation of this study was the lack
of a strong correlation between intelligibility and vocal
preference. Past research findings suggest DECtalk voices
(male, female, and child) were rated comparable in
intelligibility to that of a natural voice (Mirenda &
Beukelman, 1987). However, in this study, subjects
consistently rated the DECtalk voices below neutral (i.e. not
acceptable) and third place or lower when compared to the
other voices.

In summary, the findings reported by Mirenda et al.
(1989) suggest that a preference for voice type(s) appears to
be strongly influenced by gender appropriateness, with
subjects prefering women to sound like women and men like
men. While children indicated a preference for computers to
sound like computers (synthetic speech) adults preferred
computers to sound more like people (natural voice).

Crabtree, Mirenda and Beukelman (1989) presented a
follow-up study in the examination of age and gender
preference for synthetic and natural speech. In this study
the preferences of younger and older male and female
listeners for natural and synthetic speech given six
different contexts were rated along a 5-point Likert scale.
The twelve voices represented included four natural voices
(male and female adult and child‘voices), and eight sfnthetic

(SmoothTalker 2.0 male and female; SmoothTalker 3.0;
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Lightwriter; Artic R65B; RealVoice female; Votrax SC02; Echo
II+). The 40 subjects representing ages 6-8 year olds, 10-12
year olds, 15-17 year olds, and 25-45 year olds rated the
voices in the context of: a) an adult male user; b) adult
female user; c) child male user; d) child female user; e)
computer user; and f) self as user.

Results indicated that few of the synthesizers were
rated as high or comparable to the natural voices across
hypothetical contexts (with the exception of the computer as
user context). Male and female subjects (across age groups)
consistently agreed in ratings in four of the six contexts
(adult male, adult female, child male, and computer
questions).

The child female question indicated significant
variation due to gender x age x voice interaction (i.e.
variation by gender, age and voice). Gender appropriateness
and naturalness were the determining factors for
acceptability for older female listeners (i.e. child female,
adult female). Naturalness was the determining factor for
acceptability for the younger female listeners (i.e.
accepting child female only). For the male listeners in both
age groups naturalness (preference for child female, adult
fqule, child male, and adult male) was the primary criterion

for acceptability followed by gender appropriateness

(RealVoice female).
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A different pattern of preference was indicated for male
versus female listeners in the self as user context.
Subjects preferred voices which were most natural and gender
appropriate, (i.e. in the context of "self" as user). Thus
male listener's preferred those voices which reflected a
"more natural male" voice type (adult and child male voices)
and females preferred those which reflected a "more natural
female®” voice type (child and adult female voices).

While this study is quite similar to that of Mirenda et
al., (1988), different results were noted in several
instances. Unlike the findings reported by Mirenda and
associates (1989), where an age group difference was noted in
the female child question, both an age and gender difference
was observed by Crabtree et al., (1989). In addition,
results were also found to vary for the computer question
such that males and females young and old agreed that most
voices were acceptable for a computer.

A study of listener acceptability judgements of human
and synthesized speech was performed by Lloyd and Quist
(1988) . In this study a paired comparison design using all
possible combinations of 9 speech samples was used (i.e.
normal speech, monotonic speech, dysarthric speech,
electrolaryngeal speech (Western Electric), artificial
laryngeal speech (Tokyo Reed), esophageal speech, and
synthesized speech (DECtalk, EchoIl+, and Votrax type¥n-
talk).
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Thirty-two adult female subjects listened to the 40
paired stimuli under one of four conditions. 1In the first
task subjects were to make judgements of rank among the
speech samples. In the second task they again listened to
the speech samples (individually) and completed a
questionnaire indicating comments listing likes and dislikes.
Rank ordering of preference judgements indicated the
following results: 1) Normal speaker, 2) Monotone speaker, 3)
DECtalk speech synthesizer, 4) Tokyo Reed, 5) Western
Electric, 6) Echo II+, 7) esophageal speaker, 8) Votrax Type-
n-talk, and 9) dysarthric speaker. In summary, the human
speech (with the exception of dysarthric speech) was
preferred over synthesized. As cited in previous studies
DECtalk was preferred above all other speech synthesis,
followed by the Echoll+ and Votrax. The pneumatic device
(Tokyo reed) was preferred over the alaryngeal and
synthesized speech.

The collection of studies here cited suggest that
judgements of preference are subject to the complex
interaction of speech features and the multidimensionality of
vocal quality (i.e. intelligibility, age- and gender-
appropriateness, and naturalness). The absence of or
incongruous presentation of speech features serve to decrease
the "humanness®™ of vocal quality, subsequently rendering it
“less acceptable”". The purpose of this study is to
determine, (1) whether children respond differentially (i.e.
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as indicated by attitude and preference) to four vocal
conditions (three synthetic speech and one natural speech),
and (2) whether a relationship exists between the child
listener's vocal quality preference and his/her attitude

toward a peer child VOCA user (using the four previously

sampled voices).



CHAPTER III

METHOD

Overview of Goal and Focus of the Study
The overall goal of this study is to determine whether
children respond differentially (as measured by preference
and attitude) to different vocal conditions varying in
physical characteristics (i.e. synthetic and natural
speech). The methodology of this study was designed to
answer the following questions:

1) Does the attitude of the child listener toward the
child VOCA user vary as a consequence of different
types of synthetic and natural speech used?

2) Do child listeners express a preference for
different types of synthesized and natural speech?

3) Is there a relationship between the child
listener's preference for natural and synthetic
speech and his/her attitude toward the child VoOCA
user?

A two-task approach was used in order to answer these
questions. Task I elicited children's attitudes toward a
hypothetical child user of three types of commercially
available voice-output communication aids and natural
speech. Task II elicited a scaled rating of the child

listeners' (cited in Task I) preferencial judgement of the

36
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same four voices (three commercial synthetic voices and
naturally produced speech).

The speech synthesizers chosen for this study represent
three of the more "high-quality" speech synthesizers
currently available on the commercial market. Due to the
higher quality of speech generated utilizing a principle of
concatenated diphones, the DECtalk, RealVoice, and
SmoothTalker 3.0 were the speech synthesizers of choice for
this research.

Subjects
ia fo bject Selec

The subjects were seventy-eight fourth-grade children
enrolled in a local public school system. There were a
number of reasons for choosing this age range. Previous
attitudinal studies have typically examined populations
ranging from grades 5 through 7, (Armstrong, Rosenbaum and
King, 1986, 1987; King, Rosenbaum, Armstrong, 1988; and
Westervelt and Turnbull, 1980). Fourth-grade children were
selected for the present study because they represent a
group for which there is currently little information. 1In
addition, it was felt that fourth graders possess the skills
necessary to communicate their attitudes with regard to
affect, cognition, and behavior. ‘

As homogeneity of subject population must be controlled
for in research design, all subjects were required to meet

the following conditions: fourth grade level, Mason public
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school system, and Mason residential region. Additional
requirements included normal hearing and vision (with or
without visual aids) and base reading at a 4th grade level,
for purposes of homogeneity as well as for meeting the
prerequisites established for test administration (i.e.
ability to see and read the questionnaire and adequately
hear the audio-recording). Vision and hearing screenings
had been passed within the past two years based on biannual
health records. Health (i.e. no debilitating chronic health
condition) and academic ability (i.e. reading aptitude
scores within grade level as indicated by annual academic
reading aptitude tests) were screened based on each child's

school record. Table 1 displays subject selection criteria.

Table 1. Pertinent subject characteristics.

1. Fourth grade academic level

2. Mason public school system

3. Mason residential region

4. Normal hearing and vision (with or without visual aids)
5. Base reading at a 4th grade level

6. No debilitating chronic health conditions

e ub
Four elementary schools within the Mason school system

participated in the study. Fourth grade teachers were given
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Talking Computer Project Parent Consent Forms (see Appendix
A) to distribute among their 4th grade students. The
dissemination of Parent Consent Forms was followed by the
examiner addressing each of the classrooms to provide the
students with information about the Talking Computer
Project.

"Hi. I'm Sheila Bridges from Michigan State
University. I'm doing a project about children who use
talking computers. I would like to see what you kids
and other kids your age know and think about children
who use computers to talk. I think this is a pretty
neat project, so I would like you to ask your parents
to sign this form so that you can participate. Are

there any of you who need a form for your parents to
sign?"

Parent Consent forms were collected and records were
reviewed for each student whose parent had given consent.
The school record review included a review of the student's
name, age, vision, hearing, health, and reading screening
scores. Only those students who had met the afforementioned
criteria were included in the subject population resulting in
the selection of 80 children, 20 children per school.

Experimental Stimuli

The four vocal conditions examined in this study
included three synthetic voices and one natural voice; (1)
natural child's voice; (2) the DECtalk, child voice setting
("Kit the Kid") manufactured by Digital Equipment
Corporation; (3) the SmoothTalker 3.0 voice, female voice

setting as implemented in the Touch Talker and Light Talker
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(TM) , manufactured by Prentke Romich Co.; and (4) the
RealVoice female voice setting as implemented in the Epson

SpeechPac, manufactured by Adaptive Communication Systems,

Inc.
Preparation of Stimuli

All four voice samples were based on a language sample
elicited during an interview of a 9-year-old female child.
This procedure was used for the purpose of maintaining a
naturalness and age-appropriateness typical of a 9-year-old.
The language sample was transcribed verbatim (i.e.
preserving the child's idiosyncratic choice of grammar and
semantics) for this purpose. This transcription was edited
(i.e. abreviated) by the examiner in order to derive the
actual wording to be used in the monologue presented to the
subjects in Task I. The exact same words were used in all
four voice samples in Task I (see Appendix B).

The editing eliminated all references to the physical
condition or gender of the speaker. The speaker's name was
given as "Lee". 1In this edited form, the "Lee monologue"
was used verbatim in each of the four voice samples,
retaining its orthography and punctuation. Orthographic
text-to-speech entry was used in creating each of the
synthesized speech samples. For the natural voice sample,
the speaker who provided the initial language sample read
the monologue verbatim while maintaining natural vocal

inflection as used in the original language sample.
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Recording Procedures

In Task I the Lee Monologue (as described above) was
entered and stored in each of the three speech synthesizers,
to be retrieved later for audio-recording purposes. For
each speech synthesizer, the monologue was retrieved then
recorded on a high fidelity TDK SA 90 audio cassette tape
using a Nakamichi BX 300 Cassette Deck. Amplitude levels
were normalized across voice samples. Levels were monitored
during recording using a Realistic SA-102 Integrated Stereo
Amplifier and the Nakamichi BX 300 dB peak level meter which
provides for visual display of amplitude level. Amplitude
was maintained at levels 7 through 10 as indicated by the
Nakamichi BX 300 Peak Level Meter. Similar procedures were
used for recording the natural speaking voice.

SmoothTalker recording. Lee's monologue was entered
utilizing the text-to-speech capability of the Touch Talker.
The Touch Talker has a 128-key flat membrane keyboard. The
keys are assigned values by the Touch Talker operating
system according to numerous levels, which are graphically
represented by plastic overlay sheets provided by the
manufacturer. On the so-called "custom overlay" level, the
keyboard is configured according to the QWERTY arrangement.
This overlay level was used in this study for orthographic
input of the Lee monologue, as well as for access to the
text once it had been stored. One limitation of the Touch
Talker is the delay which occurs in accessing stored input

due to its inability to read messages which extend beyond
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its 40 character ICD display. This delay was reduced by a
rapid succession of keystrokes utilizing a predetermined
pattern of encoding (i.e. alphabetically based).

As previously stated, input followed rules of standard
orthography (i.e. not adjusting for mispronunciation through
phonetic entries or misspellings). In this way,
intelligibility was determined by the device's ability to
accomodate (i.e. based on the use of extensive phonological
rules and/or an exception dictionary) those rules
characteristic of English pronunciation.

Vocal parameters which were not restricted to default
values were set by the examiner. Volume was set at level 8
(on a scale of 1 to 9) and pitch was set at level 7 (on a
scale of 1 to 9). These settings were the ones recommended
by the manufacturer's Michigan representative for optimal
female voice. Gender was programmed at ~FB (i.e. female,
base). Gender is programmable given the options of ~M
(male), “F (female), B (base) and T (treble).

Instrumentation used for recording purposes included
the Nakamichi BX 300, the Realistic SA-102 amplifier, and
the Touch Talker VOCA. The Touch Talker was accessed
through the external speaker port and connected to the
Realistic SA-102 in order to control for quality and
amplitude level of the voice output (which tends to be
distorted by the poor quality characteristic of the internal

speakers found in many VOCAs). Amplitude was monitored by
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maintaining recording levels 7 through 10 (Nakamichi BX 300
Peak Level Meter reading).

RealVoice recording. In preparing the RealVoice
sample, Lee's monologue was entered orthographically via the
Epson SpeechPac keyboard and spoken out using the device's
text-to-speech function. As in the case of the Touch
Talker, neither phonetic spelling nor misspelling were used
to accomodate anticipated mispronunciation of orthographic
entries. The monologue was stored using the Epson
SpeechPac's memo capability which provides the storage of
messages for delayed written or spoken recall. This
permitted the storage of the messages for quick access and
repeated recall. Vocal parameters accessible to the user
are quite limited, restricting the user to the use of
default values for female gender, pitch, and rate. However,
volume was programmed at 3 (\V3) as suggested in the owner's
guide for the use of amplification.

Recording instruments and procedures followed those
methods previously described for the SmoothTalker.

DECtalk Recording. The portable DECtalk, "Kit the
Kid" child voice, was interfaced with the Radio Shack TRS-80
Model 100 portable laptop computer, in order to utilize its
text-to-speech capabilities for orthographic input. The
monologue was entered orthographically without phonetic or
misspelled entries (as previously described in the recording
procedures for the SmoothTalker and RealVoice). The

monologue was stored for immediate access by a single
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keystroke, utilizing MinDEC, a customized software program
by Dr. John Eulenberg (Artificial Language Laboratory,
Michigan State University). Recording instruments and
procedures followed those methods previously described for
the SmoothTalker and RealVoice.

Natural Speech Recording. The natural human voice
sample was based on the voice of a 9-year-old female chosen
by the investigator. This 9-year-old speaker ("the
speaker") was given a copy of her monologue (the "Lee
monologue”, described previously) to rehearse prior to the
final audio-recording. Upon successfully achieving a
quality reading characterized as "natural", the subject was
recorded reading the monologue in a sound treated
audiological testing booth. Recording instruments included
the Nakamichi BX 300, the Realistic SA-102 amplifier, the
JVC KD-15 Dolby System Stereo Cassette Deck and a Panasonic
Cardioid Dynamic (WM-1151) microphone. The JVC KD-15 was
used to monitor the recording level. Because the recording
of human voice samples involved a microphone rather than a
direct audio connection, as was the case with the voice
synthesizers, the JVC KD-15 replaced the Nakamichi BX 300 in
this instance.

The microphone was mounted 12 inches (30 cm) from the
speaker, and recording levels were maintained at a peak
level reading ranging from 7 to 10.

Recording of practice sample. A voice sample presented
for practice purposes, consisted of a short monologue by an
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adult female named "Mrs. Harris"™. The speaker (an adult
female chosen by the investigator) was recorded reading a
monologue in a sound treated audiological testing booth.
Recording instruments included the Nakamichi BX 300, the
Realistic SA-102, the JVC KD-15 Dolby System Stereo Cassette
Deck and a Panasonic Cardioid Dynamic (WM-1151) microphone.

The microphone was mounted 12 inches (30 cm) from the
subject and recording levels were maintained at a peak level
reading ranging from 7 to 10. The text of the "Mrs. Harris"
monologue is given in Appendix € and D.

Recording of Voice Preference Samples. For each of the
four subject groups, a set of four voice samples wvere audio-
recorded, one sample for each of the four voice sources
under consideration. The fourth presentation was in each
group a sample of the voice presented in Task I for that
group. The order of the first three selections of each group
was randomized among the remaining three voice sources. The
order was based on random numbers generated by a TI-36
calculator.

Each sample in a given set was a dubbed audio recording
of the first few lines of the full passage prepared in Task
I. Each sample was dubbed from the original cassette
recording using a Realistic MPS-5 Model 32-2031 Dubbing
Cassette Recorder.

The text of each sample in Task II was a spoken (human
voice or text-to-speech) interpretation of the following

passage:
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"Hi. My name is Lee and I'm 9 years old. I've lived in
Lansing Michigan for two years. I used to live in Tyler
Texas."

Determination of loudness levels for stimulus
presentation. The Bruel and Kjoer sound level meter was
used to establish uniform volume levels of the sound source
(Sony and Marantz cassette players) at 70 dB. To determine
the appropriate settings for each cassette player, it was
positioned with its speaker elevated one meter from the
floor. The sound level meter was held at arm's length 1
meter from the sound source. The measurements were taken at
0 degree azimuth.

Behavioral Measures

In conducting the two tasks of this study it was
necessary to use behavioral measures of the two concepts,
acceptance of the child VOCA user by his or her peers (i.e.
"listener attitude”) and listener preference of voice type
(i.e. "voice quality preference").

itudina easure: Pe tance

In quantifying the concept of peer acceptance, this
study drew upon an already existing measure of attitudes,
the CATCH (Chedoke-McMaster Attitudes Toward Children with
Handicaps) developed by Rosenbaum, Armstrong, and King
(1986) . The CATCH is a 36-item self-report attitude scale
designed to measure children's attitudes toward handicapped
peers. Developed as a measure of children's attitudes

toward disabled peers, it also serves as a tool for the
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evaluation of interventions designed to improve attitudes.
The design is based on a 5-point Likert scale ranging froa
O - 4. Each of the 36 items reflects the alternate
presentation of positive and negative statements ("I feel
sorry for handicapped children." versus "I would stick up
for a handicapped child who was being teased."). Response
to each item designates the respondent's level of agreement
ranging from "strongly disagree" to "strongly agree".

The measure, based on an attitude model proposed by
Triandis (1971), identifies three dimensions of attitudes:
(a) an affective component with statements of feelings; (b)
a behavioral intent component, suggesting what the child
might do, and (c) a cognitive component, expressed by
statements of belief (Rosenbaum et al., 1986). These three
subcategories of attitude, affective, behavioral, and
cognitive, are each represented by 12 questions (e.g. a
total of 36 questions).

Reliability analysis of the CATCH was conducted by
Rosenbaum et al. (1986) examining the reliability of the
total CATCH and each of its components. The test developers
reported reliability for the total CATCH and its components
by the calculation of a coefficient (Cronbach) alpha. The
coefficient alpha for Factor 1 was .91; for Factor 2, .74;
for Factor 3, .65; and .90 for the total CATCH indicating
that the components and total CATCH were strongly

associated.



48

The test-retest reliability as reported by the test
developers, indicated a reliability coefficient of .70, .63,
.44 and .73 for Factor 1, Factor 2, Factor 3, and total
CATCH scores, respectively (Rosenbaum et al., 1986)
indicating that the CATCH was a reliable and internally
consistent measure.

Factor 1 and Factor 3 each contained a mixture of
affective and behavioral intent items, accounting for 24.4%
and 4.4% of the variance, respectively. Factor 3 consisted
of cognitive items, accounting for 8.9% of the variance.
Behavioral intent items were difficult to tease out as they
were so closely intertwined with affective items. Thus the
subcomponents affect and cognition may be effective measures
of attitudes in addition to the total CATCH.

The 36 statements of the CATCH were based on common
feelings and experiences of children 9 to 13 years of age.
In the development of this measure a pool of statements was
developed according to the affective, behavioral intent, and
cognitive dimensions of Triandis' attitude model. The
recommendations of school teachers and principals were
solicited based on their evaluation of the appropriate
grammar and reading level (for the target population) of
each item. Statements were reworded or deleted as
recommended by these evaluators.

The CATCH was selected for this study because it
provides a validated quantitative measure of children's

attitudes toward handicapped peers. It therefore matched
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the current study in both the subject population and the
population toward which attitudes were to be elicited. The
current study differs in focus, however, from that of the
study for which the CATCH was designed. In the original
study, the attitude-eliciting characteristic was
*handicapped”, whereas in this research it was voice
quality. This necessitated a modification of the stimulus
questions. The term "handicapped child" in each of the 36
statements of the original version was in this study
Epplaced by the gender-neutral name, “Lee" (see Appendix
s Prefe 2 V

As previously discussed in Chapter II, "voice quality"
may have many interpretations, each based on the context in
which voice is used. For this study, voice quality was
viewed conceptually as a multidimensional subjective
judgement of the features of intelligibility, naturalness,
and age- and gender- appropriateness.

It is implicitly assumed that the children's preference
ratings of synthetic and natural voice reflect differences in
quality. 1In this study, the focus was on children, both as
users and perceivers of voice-output systems of varying
quality. Therefore, a measure of voice quality simple enough
for a child to understand and express was selected. This
measure reflected both the aesthetic features of voice
quality (i.e. intelligibility and naturalness) and the

appropriateness features (i.e. apparent age and gender).
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The instrument used in this study for capturing these
judgements contributing to listener preference was a 5-point
Likert scale, presenting the subject with a choice of five
statements ranging from a rating of 4, "I like it very much"
to a rating of 0, "I don't like it at all". These
statements do not contain an explicit reference to the
hypothetical person using the voice under consideration.
However, the spoken and written instructions to the subjects
referred to the user of this voice. To aid the subject in
making the choice, each statement was accompanied by a
simple line drawing indicating a corresponding facial
expression. This arrangement was used by Mirenda, Eicher,
and Beukelman (1989) in their examination of listener
preference for synthetic and natural speech. The rating form

for Task II of this study is given in Appendix F.

ata- as
Setting and Assignment of Subjects to Task Activities

Eighty 4th graders meeting the previously described
selection criteria were selected to participate in the
study. Twenty children were selected from each school.
These subjects were assigned numbers which were randomized
by stratified randomization (i.e. according to school) and
assigned to one of the following four vocal conditions (1)
natural voice; (2) DECtalk; (3) SmoothTalker; and (4)
RealVoice. In each school five children were assigned to
each of the four vocal conditions in order to establish

balanced groups. While eighty children were selected to
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participate in the study, only a total of 78 children were
in attendance the days the study took place. The
anticipated four balanced treatment groups of twenty
students were therefore reduced to three groups of twenty
and one group of eighteen.

Three trained graduate students in speech-lanquage
pathology were instructed individually regarding the
procedures for administering the two tasks. Two of the four
groups were observed simultaneously, one group by the
examiner and the other by one of the three trained graduate
students. By completing two groups simultaneously it was
possible to complete each testing site within a two day
period of time, thus controlling for the element of time.

The study took place during the noon hour in classrooms
in a generally quiet location. Each speech recording was
presented free field on a Marantz Superscope 104
Professional Cassette Recorder or a Sony TC-205 Cassette-~
Corder. The cassette recorder was centrally located in each
group presentation.

Practice Sample

Prior to administering the Task I stimulus to each
group, the examiner presented a practice stimulus in order
to familiarize the subjects with the procedures and the
terminology, ("agree" versus "disagree") for completing the
CATCH questionnaire. "Place an "X" across the statement that
best describes how you feel"™. The practice stimulus was a

brief audio-recorded monologue of the voice of an adult
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woman referred to as "Mrs. Harris" (see Appendices C and D).
The students were instructed to listen to the recording and
then mark their responses to three questions about Mrs.
Harris. The subjects discussed each item as a group under
the direction of the examiner or a trained graduate student
assistant. This served to insure that the procedures were
clearly understood by each child. Appendices C and D
display the "Mrs. Harris" monologue and the response sheet,
respectively.
Task I: Presentatjon of the CATCH

Task I response elicitation began immediately following
the presentation of this practice set. Each subject
listened to one of the following four vocal conditions, (1)
natural child voice, (2) female SmoothTalker voice, (3)
female RealVoice, and (4) DECtalk child voice ("Kit the
kid"). In each group the corresponding audio-recorded voice
samples of "Lee's Monologue", were presented as described
earlier (see Appendix B). The speech samples ranged in
duration from about one minute (natural voice) to about
three minutes (SmoothTalker voice). Following the
presentation of the randomly assigned voice, each child then
completed the 36-item CATCH (see Appendix E). Each child
was presented written and verbal instructions regarding the
purpose of the CATCH questionnaire and procedures for its

completion (see Appendices G and H).
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Task II: P tati f Stimul Voi ouality Pref
Rating

The second task required the same subjects to express a
personal preference for each of the previously described
voices (i.e. 3 speech synthesizers and 1 natural speech).
Each of the four vocal conditions were rated along a five-
point Likert Scale utilizing descriptors ranging from "I like
it very much" to "I don't like this at all", in expressing
preference.

Procedures for adminjstering preference ratings. The
subject group was presented Task II immediately following its
completion of Task I. The instructions for this task, were
given orally by the examiner and also presented at the top of
the rating form, as follows:

"You have just listened to one of Lee's voices.
However, Lee has 4 different voices. I would like to
know how much you like each of Lee's 4 voices. You
will hear all 4 voices twice. The first time all 4
voices will be presented at once. You will just
listen. The second time you will listen to each voice.
After each voice place an "X" across the face under the
statement that best describes how much you like the
voice you have just heard".

In this task each group of children was presented an
audio recording of a set of four voice samples. For each
group, the recording of the entire set was played twice
through. In the first playing of the set (1:53 minutes in
length), subjects were instructed to listen only. During the
second playing the playback was paused after each voice

sample to allow the subjects time to rate it on a rating form

(see Appendix F) on a scale of 0 to 4 ("I like it very much"
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to "I don't like it at all"). Rating consisted of placing
an "X" over one of five drawings paired with a corresponding
statement of degree of liking.

Data Analysis Procedures
Scoring the CATCH

The CATCH contains 36 items, 12 items in each of the
following components: affective (ASUM), behavioral (BSUM),
and cognitive (CSUM). The components are arranged in random
order with an equal number of positively and negatively
worded statements presented in alternating order. Each of
the 36 items are scored on a S5-point Likert scale with
values ranging from 0 (strongly disagree) to 4 (strongly
agree), with negative statements being inversely scored
(e.g. 4 - 0).

Each child's responses were entered item by item as
recorded on his/her CATCH response form (refer to Appendix
E). The raw data were stored to disk in this fashion and
calculated using PC-CALC, (CALC, 1985) a software program
with the capability of manipulating numbers and performing a
variety of mathematical computations. Data were manipulated
in this way to derive subscores for affective (ASUM),
behavioral (BSUM), and cognitive (CSUM) responses per child.
Total scores (TSUM) were derived by the summation of the
subscores of the three components (i.e. ASUM + BSUM + CSUM =
TSUM) .

The total CATCH score (TSUM) per child had a possible

range of O to 144. A score of 72 was a neutral response
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(predominantly, "I can't decide" responses). For the
purpose of this study, scores below 72 were interpreted as
negative attitudes and those above were positive.

S . Voj ouality Pref Rati

Judgements of voice quality preference was rated along
a 5-point Likert scale, presenting a choice of five
statements ranging from a score of 4, "I like it very much"
to a score of 0, "I don't like it at all"™. A score of 2
indicated "I don't care either way" (refer to Appendix F).
Each statement corresponded to one of the four vocal
conditions (i.e. DECtalk, SmoothTalker, RealVoice and
natural voice).

Raw data were entered and calculated using PC-Calc in
much the same manner as described above. Individual and
group scores were obtained for each of the four vocal
conditions, thus facilitating transfer for further simple
statistical and global analysis using SPSS/PC+ V2.0.

sis e Da

Simple statistical analysis (mean, range and
standard deviation) as well as a three-way analysis of
variance (ANOVA) were performed using SPSS/PC+ V2.0. An
ANOVA was computed to determine the relationship between the
independent variables school, voice type and gender and the
dependent variable, the CATCH attitude measure, in order to
address the question "Does the attitude of the child
listener vary toward the "child VOCA user" as a consegquence

of the natural and varying types of synthetic speech used?"
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To identify the source of significant differences between
the schools a Tukey-b post hoc follow-up test for one-way
analysis was conducted.

The question "Do children's responses to synthesized
and natural speech vary in terms of listener preference" was
addressed by computing a three-way ANOVA to determine the
relationship between the independent variables school, voice
type, and gender and the dependent variable, a scale of
voice preferences. To identify the source of significant
differences among the voice types a Tukey-b post hoc follow-
up test for one-way analysis was conducted.

The Kendall Rank Correlation Coefficient (a
nonparametric measure examining relationships for ordinal-
level variables) was computer to address the question of
whether a relationship exists between the child listener's
preference for natural and synthetic speech and his/her
attitude toward the child VOCA user.

The coefficient alpha was computed to determine the
reliability of the CATCH scores. To establish that the three
dimensional structure of the CATCH measure had been
maintained following its modification, factor analysis was
computed (i.e. for comparative purposes) to identify the
three factors representing the components of the CATCH and
to determine the degree to which they accounted for the
percentage of variance (i.e. item loading to determine
percentage of variance attributed to any of the three

components or a combination thereof).



CHAPTER IV

RESULTS

The overall goal of this study is to determine whether
the vocal quality of a voice-output communication aid is
related to child peer social acceptance. This research
addresses the following questions:

1) Does the attitude of the child listener toward

the child VOCA user vary as a consequence of different

types of synthetic and natural speech used?

2) Do child listeners express a preference for

different types of synthetic and natural speech?

3) Is there a relationship between the child

listener's preference for natural and synthetic

speech and his/her attitude toward the child VOCA

user?

To investigate these questions two tasks were performed.
In the first task, children's attitudes toward the
hypothetical user of four types of speech were elicited and
examined. In the second task the subjects rated the quality
of the same four voices.
Attitude Measure
Modification of the CATCH

The CATCH contains 36 items, 12 items in each of the

following components: affective (ASUM), behavioral (BSUM),

57
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and cognitive (CSUM). The components are arranged in random
order with an equal number of positively and negatively
worded statements presented in alternating order. Each of
the 36 items are scorea on a 5-point Likert scale with
values ranging from 0 (strongly disagree) to 4 (strongly
agree), with negative statments being inversely scored.
Total scores (TSUM) were derived from the summation of the
subscores of the three components (i.e. ASUM + BSUM + CSUM =
TSUM) .

The CATCH was selected for this study because it
provides a validated quantitative measure of children's
attitudes toward handicapped peers, a population consistent
with the study at hand. However, the current study does
differ in focus ("attitude toward child peer VOCA user"
rather than "attitude toward a handicapped child") from that
of the study for which the CATCH was designed, thus
necessitating the modification of the stimulus questions
(i.e. substituting the term "Lee" for "handicapped"). Due to
this modification the reliability of the modified CATCH was
examined.

Reliability of the Modifjed CATCH

Factor analysis: Modified CATCH. For the purpose of
this study, the Cronbach alpha (Norusis, 1988) was computed
using SPSS/PC+ V2.0 to determine the reliability of the
modified CATCH. The modified CATCH was found to be a

reliable measure of attitude with an alpha of .92.
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Reliability analysis of the CATCH was further
determined by factor analysis, (i.e. principle component
analysis) computing the Kaiser Normalization and varimax
rotation (Norusis, 1988). Factor loading served to
determine whether an underlying pattern of relationships
existed, consistent with the theoretical construct of the
CATCH as reported by Rosenbaum et al., 1986. Factor 1
consisted of a mixture of affective, behavioral and
cognitive intent items, while Factor 2 contained mostly
cognitive intent items. Twenty-six questions were loaded on
Factor 1, while six were loaded on Factor 2 and four were
loaded on Factor 3. Typical items loaded on Factor 1
included "I would like having Lee live next door to me" and
"I would be happy to have Lee for a special friend" (see
Appendix I). These findings were consistent with those
reported by Rosenbaum et al. (1986) identifying affect and
cognition as the two major components of attitude.

For the purpose of the current study the Pearson
correlation coefficient was computed to examine the
correlation of each of the component variables to the
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