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Abstract 

This study evaluated the effects of training on the comprehension of specific words and 

sentences by individuals with intellectual disabilities (n=18) and a matched control group (n=10). 

More specifically, the effects of training on novel versus repeated words and sentences produced 

by the ETI Eloquence speech synthesizer were studied over three training sessions. Stimulus 

materials included four word lists of 20 words each and four sentence lists of 20 sentences each. 

One of the word and sentence lists was identified as repeated and the remaining three were 

identified as novel. The synthetic speech used was the ETI Eloquence (1998) adult male voice 

Wade. All stimuli were recorded onto a digital compact disc and were presented via a Sony 

Discman. To assess subject responses, 80, 8.5x11 inch cards were developed. Each card 

contained a black and white line drawing of the target word or sentence presented and three foil 

pictures. The cards used a grid of two rows by two columns, with one black and white drawing 

in each grid. The subjects were asked to point to the drawing depicting the stimulus item. 

A pretest was administered to eliminate subjects who could not obtain perfect scores 

when experimental stimuli were presented via natural speech. There were a total of three 

experimental sessions, each separated by a period of at least 24 hours. During each session, 

subjects were presented with a list of novel and repeated words and sentences. The repeated 

word and sentence lists were presented in each of the three sessions. 

All experimental group subjects met the following criteria: (a) a diagnosis of mild to 

moderate mental retardation; (b) reliable pointing skills to serve as an expressive response 

modality; (c) no uncorrected visual impairment and adequate visual discrimination skills; (d) 

ability to identify all pictures on a picture identification task. Thresholds of 25dB or better were 

obtained by all but two subjects who demonstrated mild hearing loss at 4000 Hz. All control 

group subjects were required to meet the same criteria as the experimental group subjects except 

they were not intellectually disabled as determined by the TONI-2 (Brown, Sherbenou, & 

Johnsen, 1990) 

In the experimental group, a significant main effect for stimulus complexity 

[F (1,136) = 42.37, p <.01] was found. A significant main effect was also noted for listening trials 

[F (2,136)= 88.12, p <.01]. There was no significant effect for stimulus type (i.e., repeated versus 

novel) on word identification and sentence comprehension accuracy [F (i. 136) = .008, p >.01]. 



Similariy, in the control group, analysis revealed a significant main effect for stimulus 

complexity [F (,,72) = 13.03, p <.01] and for listening trials [F ,2.72)= 45.94, p < 01 ]. 

Additionally, there was a significant two way interaction between listening trials and complexity 

[F (1,72) = 3.54, p< 05]. 

Because there were no empirical studies on the intelligibility of the ETI-Eloquence 

synthesizer (1998) with non-disabled individuals, the present study was designed to gather 

preliminary data on this synthesizer. Intelligibility of the ETI-Eloquence synthesizer was almost 

identical to that of the high quality DECtalk synthesizer which is used widely in research and 

clinical applications. Control group participants had a mean word identification accuracy score 

of 92% and a mean sentence comprehension accuracy score of 82% on the first training session. 

These results were comparable to results obtained in a large number of previous studies in which 

the DECtalk synthesizer was used. 

In conclusion, both experimental and control data revealed that perception of synthetic 

speech were enhanced as a resuh of repeated listening experiences. Synthetic speech 

comprehension was significantly superior (p < .05) across groups in the word identification task 

as opposed to sentence comprehension task. Repeated stimuli were not significantly (p < .05) 

more intelligible than novel stimuli across groups, which indicated that both experimental and 

control group subjects were able to generalize their knowledge of the acoustic-phonetic 

properties of synthetic speech to novel stimuli. 

\'i 



LIST OF FIGURES 

23 3.1 Individual characteristics of subjects in control and experimental groups . . . 

4.1 Mean percent correct word identification scores for experimental group 

subjects for novel and repeated word lists across trials 1, 2, and 3.. 27 

4.2 Mean percent sentence comprehension scores for experimental group 

subjects for novel and repeated lists across trials 1, 2, and 3 28 

4.3 Mean percent word identification scores for control group 

subjects for novel and repeated lists across trials 1, 2, and 3 29 

4.4 Mean percent sentence comprehension scores for control group 

subjects for novel and repeated lists across trials 1, 2, and 3 30 

4.5 Interaction between training and stimulus complexity in control group 

subjects 31 

VI1 



Chapter I 

Introduction 

The advancements in the area of synthetic speech have made a significant impact 

in developing high quality voice output communication aids (VOCAs). \'oice Output 

Communication Aids, which produce synthetic speech when an alphabet key, graphic 

symbol, or other form of input is selected, have increased avenues of communication for 

non-speaking individuals. In 1991, the American Speech-Language Hearing Association 

(ASHA) reported approximately 2 million non-speaking individuals in the United States, 

and a large number of these individuals may benefit from augmentative and alternative 

communication (AAC). Dahmke (1982) noted that approximately 500,000 of these 

individuals used synthetic speech for communication purposes and that many more could 

benefit from its use. According to Ratclifife, Cress, and Soto (1997), at least half of all 

speech-language pathologists now have clients with AAC needs in their caseloads. 

Additionally, synthetic speech gives non-speaking individuals the power to initiate and 

maintain conversation, and its use results in fewer communication breakdowns than occur 

with other means of AAC (Arvidson & Lloyd, 1997; Mirenda & Beukelman, 1987). 

Many VOCAs utilize text-to-speech (TTS) synthesizers, in which words are 

converted to speech. TTS synthesizers use a mathematical algorithm to generate speech. 

The algorithm contains rules for combining acoustic properties of speech sounds and 

rules for pronunciation (Mirenda & Beukelman, 1987). TTS synthesis provides increased 

flexibility for non-speaking individuals by utilizing a relatively small amount of memory 

and allowing for an unlimited vocabulary (Quist & Lloyd, 1997; Venkatagiri, 1996). 

Other commercial examples of TTS synthesizer applications include computer-aided 

instruction, automatic information devices (e.g., presentation of news or weather 

forecasts over telephone lines), and cockpit warning devices for aircraft (Pfister & 

Traber, 1994). Many TTS synthesizers that are currently available differ considerably in 

their quality as measured via tests of perceived intelligibility and comprehension. 

Commercial use of TTS synthesizers has led to the extensive study of the 

intelligibility of synthetic speech in typically developing adults or children (e.g.. Hoover, 

Reichle, Van Tasell, & Cole, 1987; Greene, Logan & Pisoni, 1986; Koul & Allen, 1993; 
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Mirenda & Beukelman, 1987; Mirenda & Beukelman, 1990; Venkatagiri, 1994). Greene. 

Logan and Pisoni (1986) studied the intelligibility of eight TTS synthesizers (MITalk-79, 

TSI Prototype-l, DECtalk 1.8, Berkeley Prototype, Infovox SA 101, Prose 2000 3.0, 

Votrax Type 'n Talk, and Echo) through the presentation of Modified Rh\'me Test 

(MRT) stimuli developed by House, Williams, Hecker, and Kryter (1965). The MRT 

tests the intelligibility of initial and final consonants in single words through a closed 

response format. Intelligibility of the TTS synthesized speech was compared to the 

benchmark condition (i.e., natural speech). Error rates for MRT stimuli in synthetic 

speech were substantially higher than those for natural speech. Furthermore, error rates 

were found to be higher for synthesizers that provided few acoustic-phonetic cues (e.g.. 

Echo, Votrax). These synthesizers also tended to be the least expensive of those tested 

(Greene et al., 1986). In contrast, DECtalk produced speech which was approximately 

equivalent to natural speech in terms of initial consonant intelligibility. Similariy, 

Mirenda and Beukelman (1987) found that sentences produced by DECtalk were as 

intelligible as those produced in natural speech in ideal laboratory conditions. However, 

Koul and Allen (1993) discovered that in the presence of noise, the intelligibility of 

speech produced by DECtalk deteriorated rapidly in comparison to natural speech. 

In an extensive literature review, Duffy and Pisoni (1992) concluded that 

comprehension of synthetic speech requires more processing resources than natural 

speech. Massey (1988) found that language disordered children had significantly (p<.01) 

lower scores on The Token Test for Children (DiSimoni, 1978) when it was presented in 

synthetic speech (i.e., DECtalk) in contrast to natural speech. The scores for non-

disabled children were equivalent in the synthetic and natural conditions, which may 

suggest that language impaired children and non-disabled children comprehend synthetic 

speech differently. Koul and Hanners (1997) noted that intellectually disabled subjects 

performed significantly worse (p< .05) on sentence verification task presented in 

synthetic speech (DECtalk and RealVoice) than did the non-disabled controls, indicating 

that individuals with intellectual disabilities may have greater difficulty comprehending 

the speech signal when the complexity of that signal increases. Mirenda and 

Beukelman's study (1989) compared the intelligibility of three synthesizers (DECtalk, 

Echo II, Votrax) across ages, single word and sentence intelligibility decreased with the 



age of the subject, (e.g., adults compared to children 7 to 8 years old). Sentence 

comprehension decreased to a greater extent than single words, further indicating that 

sentence comprehension is adversely affected by the increase in the complexity of the 

speech signal. 

Processing synthetic speech also requires more time than processing natural 

speech because additional time is required to identify phonemes produced by a synthetic 

voice (Duffy & Pisoni, 1992). In repetition tasks with non-word stimuli, Pisoni (1981) 

found a greater response time when stimuli were produced in synthetic speech versus 

natural speech, which led Duffy and Pisoni (1992) to conclude that the additional time 

required to respond was spent in phoneme identification rather than lexical identification. 

When Venkatagiri (1991) slowed the rate of presentation of synthetic speech stimuli to 

139 syllables per minute, a rate which approximates that of young children (i.e., 148 

syllables per minute), intelligibility of speech produced by the Echo II increased over 

10%. 

Duffy and Pisoni (1992) also reported that redundancy is present in natural speech 

that is missing from synthetic speech. They noted that listeners needed to hear more 

phonemes of a word presented in synthetic speech to identify the word correctly. The 

redundancy is missing because "only a small set of acoustic cues have been implemented 

for each phoneme" (p. 354). If a listener does not discern the few cues given to interpret 

a particular phoneme, he or she may incorrectly perceive the phoneme, which may lead to 

the misunderstanding of a word or a sentence. Low acoustic-phonetic redundancy of 

synthetic speech results in the deterioration of the intelligibility of high-quality synthetic 

speech (i.e., DECtalk) in the presence of adverse listening conditions (Koul & Allen, 

1993). 

The time and processing resources required for the comprehension of synthetic 

speech by individuals with intellectual disabilities may be greater than those required by 

their non-disabled peers. Individuals with intellectual disabilities characteristically have 

difficulties processing verbal information, possible causes of which may be poor attention 

and short-term memory, or failure to develop strategies that make information 

understandable (Taylor, Sternberg, & Richards, 1995; Patton & Polloway, 1990). Fewer 

processing resources that can be allocated to task (Kail, 1992) or receptive language 
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delays that exceed cognitive delays (Abbeduto, Furman & Davies, 1989; Miller & 

Chapman, 1984) could also result in poor speech processing abilities. Abbeuto & 

Rosenberg (1992) noted that individuals with intellectual disabilities may fail to 

understand linguistic information in situations in which extensive analysis of the 

speaker's words is needed. During sentence processing tasks, they concentrate more on 

sequential configuration of the sentence rather than the semantic properties of the 

information presented, which may result in difficulty interpreting meaning (Merrill & 

Jackson, 1992). 

Individuals with intellectual disabilities demonstrate slowed processing of 

cognitive and linguistic information (Kail, 1992; Abbeduto & Rosenberg, 1992; Long & 

Long, 1994). Kail suggested that the increased processing time possibly results from a 

reduced number of available processing resources, less efficient use of strategies 

designed to increase retention, or a "slower cycle time," (p. 338) the time required to scan 

memory and execute productions. Long and Long (1994) noted that individuals with 

intellectual disabilities required more time to decode incoming linguistic information than 

non-disabled individuals. 

Additionally, individuals with intellectual disabilities require redundancy to fully 

understand a speaker's message (Long & Long, 1994; Siegel-Causey & Ernst, 1989). 

Haring, McCormick and Haring (1994) report that individuals with intellectual 

disabilities have limited attention spans and increased distractibility and may need more 

redundancy than their non-disabled peers to accurately comprehend linguistic 

information. When processing synthetic speech, which lacks the redundancy of natural 

speech, Massey (1988) concluded that language-impaired individuals may have auditory 

processing deficits which inhibit the processing of the poor acoustic signals. 

However, repeated listening to synthetic speech may improve its comprehension. 

A large number of studies have been performed to determine the effects of training on the 

comprehension of synthetic speech by non-disabled individuals (Greenspan, Nusbaum, & 

Pisoni, 1988; McNaughton, Fallon, Tod, Weiner, & Neisworth, 1994; Rounsefell, 

Zucker, & Roberts, 1993; Schwab, Nusbaum, & Pisoni, 1985; Venkatagiri, 1994). 

Schwab et al. (1985) and Greenspan et al. (1988) studied the effects of training on 

synthetic speech comprehension by non-disabled aduhs. Both studies analyzed the 
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effects of training on words (i.e.. Phonetically balanced and Modified Rhyme Test 

stimuli) and sentences (Harvard psychoacoustic sentences and Haskins Laboratories 

semantically anomalous sentences) produced by the Votrax TTS synthesizer. While 

Schwab et al. studied the effects of training with all novel words and sentences, 

Greenspan et al. addressed the effects of training with novel and repeated stimuli. Both 

investigations found that training with synthetic speech resulted in significant 

improvements in comprehension. Schwab et al. also noted a decreased response latency 

after synthetic speech training. In a 6-month follow-up study, subjects had maintained 

the knowledge they gained from participation in the training. 

In 1993, Rounsefell et al. studied the effects of training versus no training on the 

comprehension of synthetic speech by non-disabled high school students. Stimuli were 

produced by three synthesizers, ranging from least intelligible (i.e.. Echo II) to most 

intelligible (i.e., DECtalk). Testing only novel sentences, Rounsefell et al. found a 

significant (p< .01) increase in the comprehension of all three voices following training. 

McNaughton et al. (1994) addressed the effects of training with novel and 

repeated stimuli on the intelligibility of single words produced by the Echo II and 

DECtalk synthesizers. This study compared children to adult listeners. Following 

training, the intelligibility scores for children improved significantly for both the Echo 

and DECtalk synthesizers and novel and repeated stimuli. Repeated stimuli produced by 

the Echo II synthesizer were significantly more intelligible than novel stimuli. Repeated 

stimuli was also more intelligible than novel stimuli in the DECtalk synthesizer, ahhough 

a statistically significant difference was not achieved. In adult listeners intelligibility 

improved significantly in both synthesizers and stimulus types (i.e., novel versus 

repeated). Repeated stimuli had significantly higher intelligibility following training 

across synthesizers. 

Venkatagiri (1994) studied the effects of training over a three-day period on 

sentences produced by the Echo II synthesizer. He found a significant difference in 

intelligibility across the three days. His subjects had large increases in intelligibility from 

day one to day two of training, with smaller increases from day two to day three, which 

he attributed to a possible ceiling effect. Additionally, he found that short sentences (i e., 

two to seven words) were no more intelligible than long sentences (i.e., two short 
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sentences joined with a conjunction) produced in synthetic speech. 

While the previous studies show improvement in the comprehension of synthetic 

speech following training, they also reflect the abilities of typically developing 

individuals. No published research is available regarding the effects of training on the 

perception of synthetic speech by individuals with intellectual disabilities. Yet these 

individuals represent a large portion of the population of non-speaking individuals who 

use VOCAs in educational, institutional, work, or home settings (Willis, Koul & 

Paschall, in press). In such settings, many listeners are also intellectually disabled. Koul 

and Hanners (1997) noted a practice effect was demonstrated by individuals with 

intellectual disabilities; however, their results were confounded by different types of 

synthesizers used in their study. Furthermore, their finding was post-hoc and hence does 

not lend itself to empirical conclusions. 

According to Bottorf & DePape (1982), the goal of augmentative communication 

is to facilitate effective interactions between non-speaking individuals and their 

environment. For communication with synthetic speech to be effective for users and 

listeners with intellectual disabilities, it is paramount that they sufficiently comprehend 

the speech produced by currently available communication devices. 

Rationale: The vast majority of studies conducted on the comprehension of synthetic 

speech have used non-disabled adults or children. There is little available research 

regarding the comprehension of synthetic speech by individuals with intellectual 

disabilities (e.g., Koul & Hanners, 1997; Willis, Koul & Paschall, in press). The same 

research disparity exists with respect to the effects of training on the perception of 

synthetic speech by individuals with intellectual disabilities. However, individuals with 

intellectual disabilities represent a large portion of the population of non-speaking 

individuals who use VOCAs to communicate with those in their environment (Willis, 

Koul & Paschall, in press). Because of the differences in aspects of cognition and 

language comprehension between individuals with intellectual disabilities and their non-

disabled peers (Taylor, Sternberg, & Richards, 1995; Patton & Polloway, 1990; Kail, 

1992; Abbeduto, Furman & Davies, 1989; Miller & Chapman, 1984; Haring, 

McCormick & Haring, 1994; Siegel-Causey & Ernst, 1989), it is difficult to generalize 

6 



current research in the effects of training of synthetic speech to individuals with 

intellectual disabilities. However, it is important to determine if, with practice, they too 

can become skilled at recognizing the acoustic-phonetic information specific to synthetic 

speech. 

Purpose: The primary purpose of this investigation was to evaluate the effects of training 

on the comprehension of specific words and sentences by individuals with intellectual 

disabilities. More specifically, the effects of training on novel versus repeated stimuli 

produced by the ETI Eloquence speech synthesizer were studied over three training 

sessions. It was hypothesized that training would produce a significant (p < .05) practice 

effect in the comprehension of synthetic speech by individuals with intellectual 

disabilities. It was further hypothesized that significantly (p < .05) superior practice 

effects for words in contrast to sentences, and repeated in contrast to novel stimuli would 

be obtained. 

According to Ratcliffe, Cress and Soto (1997), there is a recently recognized need 

by the federal government, specifically the National Institute on Deafness and Other 

Communication Disorders (NIDCD), "for a specific focus on hypothesis-driven 

investigations of the impact of AAC systems on the lives of children and aduhs using 

them" (p. 34). The questions asked in this study may be of interest to clinicians in 

establishing the differences in synthetic speech comprehension between non-disabled 

individuals and individuals with intellectual disabilities. It will also serve to help 

improve the efficacy of speech-language treatment for individuals with intellectual 

disabilities who use VOCAs in home and work settings. 

The dependent variables in this study are percent correct words and sentences 

identified. The independent variables are stimulus type (novel versus repeated) and 

complexity (word versus sentence). 



Chapter II 

Review of Literature 

Changes in the Paradigm of Service Delivery to Individuals with Intellectual DisabiHties 

In the past 20 years, there has been a shift in the nature of communication 

intervention for individuals with intellectual disabilities. The focus of intervention has 

moved from strengthening verbal skills toward enhancing functional communication 

skills in speaking and non-speaking individuals (Antonak, 1988; Calculator, 1988; 

Nelson 1993; Wolery & Haring, 1990). Several factors have led to this shift, including 

increased use of non-speech means of communication and rapid technological 

advancements in the field of augmentative and ahemative communication (AAC). 

These factors provided the impetus for changes in the paradigm of speech-

language service delivery for individuals with disabilities, particularly those with 

intellectual disabilities. This population represents a relatively large part of the speech-

language service population. In 1991, the American Speech-Language Hearing 

Association found that there were roughly 2 million non-speaking individuals in the 

United States. A large number of these individuals have a variety of intellectual 

disabilities and depend heavily on augmentative and ahemative means of 

communication. According to Ratcliffe, Cress and Soto (1997), at least half of all 

speech-language pathologists now have clients with AAC needs in their caseloads, which 

reflects the dramatic increase in the treatment of non-speaking individuals through the 

use of AAC over the last two decades. 

Use of Non-Speech Communication. Many individuals with severe intellectual 

disabilities are unable to use speech effectively as a primary means of communication. 

Calculator (1988) noted that historically these individuals often "left their oral skills with 

their clinicians back in the clinic room," (p. 310) and relied on nonverbal or gestural 

means of communication. Many clinicians later expanded those nonverbal 

communication skills to augment or replace verbal communication. This included the 

use of signs, gestures, or behaviors thought to be otherwise noncommunicative, such as 

temper tantrums, echolalia, or ignoring (Falvey, Bishop, Grenot-Scheyer & Coots, 1988). 

8 



Schlosser, Belfiore, Nigam, Blischak, and Hetzroni (1995) noted that signs were the 

primary form of augmentative and ahemative communication (AAC) used in the 1970s; 

however, a relatively small number of potential communication partners were familiar 

with sign language, resuhing in a smaller number of individuals who were able to 

communicate with the user. 

Technological Advances in AAC. Technological advances were responsible for 

some of the most visible changes in the field of AAC (Arvidson & Lloyd, 1997). 

Although communication boards and books made interactions between individuals with 

intellectual disabilities and their communication partners more accessible, voice output 

communication aids (VOCAs) made important improvements in the abilhy of individuals 

with intellectual disabilities to communicate. VOCAs produce synthetic speech when an 

alphabet key, graphic symbol, or other form of input is selected. Voice output gives 

individuals with intellectual disabilities power to initiate and maintain conversations and 

resuhs in fewer communication breakdowns than other means of AAC (Arvidson & 

Lloyd, 1997; Mirenda & Beukelman, 1987). Because of the small amount of memory 

required for some forms of voice output and advances in computer design, synthetic 

speech has become available for use in a wide variety of VOCAs and low-end, 

inexpensive computers. The availability of synthetic speech has been enhanced by 

advances in perceptual psychology, acoustic phonetics, and mathematical models of 

speech production (Koul & Allen, 1993). 

Fundamentals of Speech Synthesis 

Synthetic speech is generated in computers through one of three techniques: 

direct synthesis, vocal tract simulation, or synthesis using a production model (Styger & 

Keller, 1994). 

Direct Synthesis. Direct synthesis creates a speech signal by concatenating 

phonemes. The phonemes are cormected to form words, which are connected to form 

sentences. An example of this type of synthesis is Wave Form Concatenation. It is 

simple and requires little memory or computer power; however, it produces a poor 

quality synthetic speech that is acceptable only in a few applications, such as toys 



(Styger & Keller, 1994). 

Synthesis by Vocal Tract Simulation. This model works to simulate the physical 

characteristics and behavior of the human vocal traa. It relies on the location of the 

articulators, sub-glottic pressure, and vocal fold tension to produce a signal most like that 

of a human vocal tract. A signal is produced by mathematical simulation of air passing 

through the vocal tract (Styger & Keller, 1994). This model has provided positive 

preliminary resuhs; however, h is difficuU to use outside the realm of fundamental 

research. 

Synthesis Using a Production Model. The most frequently used method of 

synthesis is based on the source-filter theory of speech production (Fant, 1960; Styger & 

Keller, 1994; Venkatagiri, 1996). According to Kent, Dembowski, and Lass (1996), 

source-fiker theory divides the vocal tract into a source (i.e., the vibration of the vocal 

folds) and a fiker (i.e., the vocal tract). As the vocal folds open and close, changes within 

the vocal tract allow for changes in resonances, ultimately producing different speech 

sounds. Speech synthesis based on the source-fiher theory, or parametric speech coding, 

seeks to create an acoustic model of the behavior of the vocal tract during speech 

production (Pfister & Traber, 1994). Formant coding and Hnear prediction coding (LPC) 

are two examples of parametric speech coding techniques and both are frequently used in 

text-to-speech (TTS) synthesizers. VOCAs often use text-to-speech (TTS) synthesizers, 

in which speech is produced by entering typed words or sentences through regular 

orthographic spellings (Venkatagiri, 1996). Parametric coding in a TTS synthesizer 

combines individual typed graphemes through the use of a pronunciation dictionary and 

creates a speech waveform. Venkatagiri further notes that this waveform requires a 

relatively minimal amount of memory (0.5 KB/sec of speech), which makes it more 

readily available on inexpensive computers or VOCAs. Additionally, TTS synthesizers 

allow the user to create a relatively unlimited vocabulary, which is necessary for the 

dynamic educational and social environments of many individuals who rely on synthetic 

speech. 
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Application of TTS Svnthe«;i7er>; 

While the use of synthesized speech has increased in frequency with indi\'iduals 

with intellectual disabilities, its use has also increased outside of the fields of education 

and AAC. Other commercial examples of TTS synthesizer applications include 

computer-aided instruction, automatic information devices (e.g., presentation of news or 

weather forecasts over telephone lines), and cockpit waming devices for aircraft (Pfister 

& Traber, 1994; Willis, Koul & Paschall, in press). 

Many TTS synthesizers are currently available, the quality of which vary 

considerably as determined by tests of perceived intelligibility and comprehension. 

Commercial use of TTS synthesizers has led to extensive study of the intelligibility of 

synthetic speech in typically developing aduhs or children (e.g.. Hoover, Reichle, Van 

Tasell, & Cole, 1987; Greene, Logan & Pisoni, 1986; Koul & Allen, 1993; Mirenda & 

Beukelman, 1990; Venkatagiri, 1994). 

InteUigibilitv of Text-to-Speech Synthesizers in Nondisabled Populations. 

Greene, Logan and Pisoni (1986) studied the intelligibility of eight TTS synthesizers 

(MITalk-79, TSI Prototype-l, DECtalk 1.8, Berkeley Prototype, Infovox SA 101, Prose 

2000 3.0, Votrax Type 'n Talk, and Echo) from the years of 1979-1985. They found that 

error rates for synthetic speech were substantially higher than those for natural speech. 

Furthermore, error rates were found to be the greatest in synthesizers which provided the 

fewest acoustic-phonetic cues, (e.g.. Echo, Votrax) which also tended to be the least 

expensive of those tested (Greene et al., 1986). However, DECtalk, a high quality 

synthesizer, produced speech with intelligibilhy rated closest to that of natural speech. 

Mirenda and Beukelman (1987) found that sentences produced by DECtalk were 

statistically as intelligible (p < .05) as those produced in natural speech in ideal laboratory 

conditions. However, Koul and Allen (1993) discovered that in the presence of noise, the 

intelligibility of speech produced by DECtalk deteriorated rapidly in comparison to 

natural speech. 

Intelligibility of Text-to-Speech Synthesizers in Disabled Populations. Massey 

(1988) studied the intelligibility of synthetic speech in children with documented 

language disorders and nondisabled controls, rangmg in age from 8 years to 10 years. 
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The Token Test for Children (DiSimoni, 1978) was administered in natural speech and 

synthetic speech produced by the DECtalk synthesizer. The children with language 

disorders had significantly higher scores when the test was presented in natural speech in 

comparison to synthetic speech. Notably, the difference between the natural and 

synthetic conditions was found only in the children with language disorders, which 

suggests that language impaired children and nondisabled children comprehend synthetic 

speech differently. 

Koul and Hanners (1997) used word recognition and sentence verification tasks to 

determine the perception of synthetic speech in individuals with intellectual disabilities 

and nondisabled controls. A high quality synthesizer (DECtalk) and a low quality 

synthesizer (RealVoice) were utilized. Resuhs indicated that performance with the 

DECtalk synthesizer was superior to that of the RealVoice synthesizer across groups. 

Additionally, the intellectually disabled subjects performed significantly worse on the 

sentence verification tasks than did the nondisabled controls, indicating that individuals 

with intellectual disabilities may have greater difficuhy comprehending the meaning of a 

sentence when the complexity of the signal increases. 

Comprehension of Synthetic Speech 

Effect of Rate on the Comprehension of Synthetic Speech. Duffy and Pisoni 

(1992) reported that synthetic speech requires more time to process than does natural 

speech because additional time is required to identify synthetic phonemes than natural 

phonemes. Venkatagiri (1991) reported that slowing the presentation rate of stimulus 

items produced by the Echo II synthesizer from 201 syllables per minute to 139 syllables 

per minute (i.e., a rate which approximates that of young children) improved word 

intelligibility by 10%. Pisoni, Manous and Dedina (1987) studied response times in 

sentence verification tasks for natural speech and a high quality synthesizer (DECtalk 

Paul). Verification times for DECtalk were greater than for natural speech. 

Higginbotham, Drazek, Kowarsky, Scally, and Segal (1994) found that the ability to 

summarize a passage presented in synthetic speech was improved when 10-second pauses 

were inserted between spoken words. This indicated that listeners needed the extra time 
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provided by the pauses to help process the speech signal. In repetition tasks with non-

word stimuli, Pisoni (1981) found a greater response time when stimuli were produced in 

synthetic speech versus natural speech. Therefore, Duffy and Pisoni (1992) concluded 

that the additional time required to respond was spent in phoneme identification rather 

than lexical processing. They noted that because low-level word recognition processes 

for synthetic speech require more time, less time is left for high-level linguistic 

processing of the utterance meaning. 

Individuals with intellectual disabilities demonstrate slowed processing of 

cognitive and linguistic information (Abbeduto & Rosenberg, 1992; Kail, 1992; Long & 

Long, 1994). Kail suggested that the increased processing time possibly results from a 

reduced number of available processing resources, less efficient use of strategies 

designed to increase retention, or a "slower cycle time," (p. 338) the time required to scan 

memory and execute productions. Long and Long (1994) noted that individuals with 

intellectual disabilities required more time to decode incoming linguistic information than 

did nondisabled peers. 

Effect of Increased Processing Demands on the Comprehension of Synthetic 

Speech. Duffy and Pisoni (1992) also noted that synthetic speech requires more 

processing resources than does natural speech. The resources required for listening to 

synthetic speech were tested in tasks which required individuals listening to synthetic 

speech to simultaneously complete a secondary task (e.g., listening for target words, 

listening for a non-speech sound). Ralston, Pisoni, Lively, Greene, and Mullennix (1991) 

required listeners of synthetic speech to addhionally listen for a series of "target words" 

and found that the target words were identified more quickly and accurately in the 

natural versus the synthetic condition. Ralston, Lively, Pisoni, and Rivera (1990) 

performed a similar task requiring subjects to listen for non-speech "clicks." Subjects 

were slower in identifying the clicks when listening to synthetic speech rather than 

natural speech, revealing that processing synthetic speech required more cognitive 

resources than did natural speech, leaving fewer resources to perform the secondary task. 

Abbeduto, Furman, and Davies (1989) noted that individuals with intellectual 

disabilities lack many of the cognitive prerequisites for comprehending a message. 
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Individuals with intellectual disabilities characteristically have difficulties processing 

verbal information, possible causes of which may be limited attention, poor short-term 

memory, or ineffective strategies to make information understandable (Patton & 

Polloway, 1990; Taylor, Sternberg, & Richards, 1995). Fewer processing resources that 

can be allocated to task (Kail, 1992) or receptive language delays that exceed cognitive 

delays (Abbeduto, Furman & Davies, 1989; Miller & Chapman, 1984) could also resuh 

in poor linguistic processing abilities. Abbeuto and Rosenberg (1992) noted that 

individuals with intellectual disabilities may fail to understand linguistic information in 

situations in which extensive analysis of the speaker's words is needed. During sentence 

processing tasks, they concentrate more on sequential configuration of the sentence rather 

than the semantic properties of the information presented, which may result in difficulty 

interpreting meaning (Koul & Hanners, 1997; Merrill & Jackson, 1992). 

Additionally, the success of their comprehension depends on the nonlinguistic and 

information-processing requu-ements of the task. Pisoni (1997) found that indexical 

information (i.e., nonlinguistic information about the speaker's voice) is used to create "a 

phonemic interpretation of the linguistic content of the message" (p. 11). Therefore, the 

listener uses the nonlinguistic aspects of speech to interpret the Hnguistic aspects. 

Because synthetic speech lacks many of the nonlinguistic characteristics of natural 

speech and creates more of a cognitive load to process, the time and processing resources 

required for the comprehension of synthetic speech by individuals with intellectual 

disabilities should be greater than those requked by nondisabled individuals. 

Effect of Reduced Redundancy on the Comprehension of Synthetic Speech. 

Furthermore, Duffy and Pisoni (1992) found that Usteners needed to hear more 

phonemes of a word to identify it correctly. They concluded that there is a redundancy 

present in natural speech that is missing in synthetic speech. Pisoni (1997) noted that 

spoken language is a greatly redundant system, in which the redundancy can provide 

reliable information to assist comprehension of the message even when the signal is 

degraded. The redundancy is not present in synthetic speech because "only a small set of 

acoustic cues have been implemented for each phoneme" (p. 354). If a listener does not 

discern the few cues given to interpret a particular phoneme, he or she may incorrectly 
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perceive the phoneme. This misperception may lead to misunderstanding of a word or 

sentence. Nusbaum and Pisoni (1985) stated the poor acoustic-phonetic stmcture of 

synthetic speech requires increased cognitive resources for processing than does natural 

speech 

Individuals with intellectual disabilities have limhed attention spans and 

increased distractibility; therefore, they may need more redundancy than their 

nondisabled peers to accurately comprehend linguistic information (Haring, McCormick 

& Haring, 1994). Siegel-Causey and Ernst (1989) reported that redundancy in 

communication provides a predictable format for individuals with severe intellectual 

disabilities that may increase their communicative role and promote interaction. When 

processing synthetic speech, which lacks the redundancy of natural speech, Massey 

(1988) concluded that language-impaired individuals may have auditory processing 

deficits which inhibit the processing of the poor acoustic signals. 

Practice Effects of Synthetic Speech in Nondisabled Individuals 

However, repeated listening to synthetic speech may improve its comprehension. 

A large number of studies have been performed to determine the effects of training on the 

comprehension of synthetic speech by nondisabled individuals (Greenspan, Nusbaum, & 

Pisoni, 1988; McNaughton, Fallon, Tod, Weiner, & Neisworth, 1994; Rounsefell, 

Zucker, & Roberts, 1993; Schwab et al., 1985; Venkatagiri, 1994). These studies 

examined the effects of practice on various qualities of synthesizers and stimulus 

complexities. 

Schwab et al. (1985) and Greenspan et al. (1988) studied the effects of training 

with synthetic or natural speech on the comprehension of synthetic speech by 

nondisabled aduhs. Both studies analyzed the effects of training on words (Phonetically 

balanced and MRT stimuli) and sentences (Harvard psychoacoustic sentences and 

Haskins Laboratories semantically anomalous sentences) produced by the Votrax Type-

n-Talk TTS synthesizer. While Schwab et al. studied training with all novel words and 

sentences, Greenspan et al. addressed the effects of training with novel and repeated 

stimuli. Both studies found that training with synthetic speech resuhed in significant 
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improvements in comprehension. Schwab et al. found a decreased response latency after 

synthetic speech training. In a follow-up study six months later, they also found that 

subjects had maintained the knowledge they gained from participation in the training. 

In 1993 Rounsefell et al. studied the effects of training versus no training in the 

comprehension of synthetic speech by nondisabled high school students. Stimuli were 

produced by three synthesizers, ranging from least intelligible (Echo II) to most 

intelligible (DECtalk). Testing only two novel sentences, Rounsefell et al. found a 

significant increase in all three voices following training. 

McNaughton et al. (1994) addressed the effects of training with novel and 

repeated stimuli on the intelligibility of single words produced by the Echo II and 

DECtalk synthesizers. This study compared child to aduh listeners. The children's 

intelligibility scores improved significantly (p < .01) for both the Echo and DECtalk 

synthesizers and novel and repeated stimuli. Repeated stimuli were significantly more 

intelligible (p < .01) than novel stimuli produced by the Echo II synthesizer. Repeated 

stimuli were also more intelligible than novel stimuli in the DECtalk synthesizer, but the 

difference was not statistically significant due to poor performance in the initial DECtalk 

training session. In adult listeners, intelligibility following training improved 

significantly (p < .01) across synthesizers and stimulus types (i.e., novel versus repeated). 

Repeated stimuli had significantly higher intelligibility (p < .01) than novel stimuli after 

training across synthesizers. 

Venkatagiri (1994) studied the effects of training over a three-day period on 

sentences produced by the Echo II synthesizer. He found a significant (p < .001) 

difference in intelligibility across the three days. His subjects had large increases in 

intelligibility from day one to day two of training, with smaller increases from day two to 

day three, which he attributed to a possible ceiling effect. Additionally, he found that 

short sentences (i.e., two to seven words) were no more intelligible than long sentences 

(i.e., two short sentences joined with a conjunction) produced in synthetic speech. 

Practice Effects of Synthetic Speech in Disabled Individuals 

While these studies show improvement in the comprehension of synthetic speech 

16 



following training in synthetic speech, they also reflect the abilities of typically 

developing individuals. Just as there is little available research regarding the 

comprehension of synthetic speech by individuals with intellectual disabilities, a similar 

disparity exists with respect to the effects of training on the perception of synthetic 

speech by individuals whh intellectual disabilities. Yet individuals wkh intellectual 

disabilities represent a large portion of the population of nonspeaking individuals who 

use VOCAs in educational, institutional, work, or home settings (Willis, Koul & 

Paschall, in press). In such settings, many listeners also have intellectual disabilities. 

Few studies have been conducted on the effects of training in individuals with 

intellectual disabilities. Koul and Hanners (1997) noted a positive practice effect with 

the high-quaUty DECtalk synthesizer used with individuals with intellectual disabilhies. 

In a discourse comprehension study with individuals with intellectual disabilhies, Willis, 

Koul and Paschall (in press) found a significant practice effect for synthetic speech. 

However, results of both these studies were weakened due to two main factors: practice 

effect was evaluated as a post-hoc measure and different types of synthesizers were used, 

which resuhed in confounding of effects. 

Conclusion and Rationale 

The use of synthetic speech increases opportunities for functional communication 

whh those in the environment of the individual with intellectual disabilhies, unlike 

preceding forms of AAC (e.g., sign language, graphic symbols) which were less readily 

understood by unfamiliar communication partners (Wolery & Haring, 1990). According 

to Bottorf and DePape (1982), the goal of augmentative communication is to faciUtate 

effective interactions between non-speaking individuals and their envkonment. For the 

use of synthetic speech to be effective for users and listeners with intellectual disabilhies, 

it is paramount that they sufficiently comprehend the speech produced by currently 

available communication devices. 

The vast majority of studies conducted on the comprehension of synthetic speech 

have used non-disabled aduhs or children. There is little available research regarding the 

comprehension of synthetic speech by individuals whh intellectual disabilhies 
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(e.g., Koul a& Hanners, 1997; Willis, Koul & Paschall, in press). The same research 

disparity exists with respect to the effects of training on the comprehension of synthetic 

speech by individuals whh intellectual disabilhies. Because of the differences in aspects 

of language comprehension between individuals with intellectual disabilhies and 

nondisabled peers (Abbeduto, Furman, & Davies, 1989; Haring, McCormick & Haring, 

1994; Kail, 1992; Miller & Chapman, 1984; Patton & Polloway, 1990; Seigel-Causey & 

Ernst, 1989; Taylor, Stemberg, & Richards, 1995), h is difficuh to generalize current 

research in synthetic speech comprehension to individuals with intellectual disabilhies. 

However, h is important to determine if, with practice, they too can become skilled at 

recognizing the acoustic-phonetic information specific to synthetic speech. 

According to Ratcliffe, Cress and Soto (1997), there is a recently recognized 

need by the federal government, specifically the National Institute on Deafness and Other 

Communication Disorders (NIDCD), "for a specific focus on hypothesis-driven 

investigations of the impact of AAC systems on the lives of children and aduhs using 

them" (p. 34). The information presented by this study is of interest to clinicians in 

establishing the differences in synthetic speech comprehension between nondisabled 

individuals and individuals whh intellectual disabilhies. It will also serve to help 

improve the efficacy of speech-language treatment for individuals with intellectual 

disabilhies who use VOCAs in home and work settings. 

The purpose of this investigation was to evaluate the effects of training on the 

comprehension of specific words and sentences by individuals whh intellectual 

disabilities. More specifically, the effects of training on novel versus repeated stimuli 

produced by the ETI Eloquence speech synthesizer were studied over three sessions. It 

was hypothesized that training would produce a significant practice effect (p < .05) in the 

comprehension of synthetic speech by individuals with intellectual disabilhies. It was 

further hypothesized that significantly superior practice effects (p < .05) for words in 

contrast to sentences, and repeated in contrast to novel stimuli would be obtained. 

The dependent variables in this study were percent correct words and sentences 

identified. The independent variables were stimulus type (novel versus repeated) and 

linguistic complexhy (word versus sentence). 
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Chapter III 

Methodology 

Subjects: 

Subjects were 18 individuals whh intellectual disabilhies and 10 non-disabled 

individuals. The experimental group (EG) subjects were recmhed from the Lubbock 

Aduh Day Activhy Center. The control group (CG) subjects were recmited from 

personal contacts with parents. 

Experimental Group (EG) 

All EG subjects met the following criteria: (a) a diagnosis of mild to moderate 

mental retardation ; (b) reliable pointing skills to serve as an expressive response 

modality; (c) no uncorrected visual impairment and adequate visual discrimination skills; 

(d) ability to identify all pictures on a picture identification task. Thresholds of 25dB or 

better were obtained by all but two subjects who demonstrated mild hearing loss at 4000 

Hz. 

The EG subjects ranged in age from 22 to 55 years (mean = 37.16, SD = 10.39). 

The EG subjects had nonverbal IQs ranging from 57 to 80 (mean = 64.94, SD = 7.33). 

Nonverbal IQ scores were determined by the Test of Nonverbal Intelligence-2 (TONI-2, 

Brown, Sherbenou, & Johnsen, 1990). Mean receptive language age of the EG subjects 

as determined by the Peabody Picture Vocabulary Test (PPVT, Dunn & Dunn, 1991) was 

6.24 with a SD of 2.43. There was a strong and significant poshive correlation between 

non-verbal IQ and receptive vocabulary age (r = .80, r = .64, p < .01). 

Control Group (CG) 

All CG subjects were required to meet the same criteria as the EG subjects except 

they were not mtellectually disabled as determined by the TONI-2 (Brown, Sherbenou, & 

Johnsen, 1990). The CG subjects ranged in age from 4 to 8 years (mean = 5.5, SD = 

1.22). Nonverbal IQs ranged from 100 to 136 (mean = 112.90, SD = 9.78). Nonverbal IQ 

scores were determined by the Test of Nonverbal Intelligence-2 (TONI-2, Brown, 

Sherbenou, & Johnsen, 1990). The TONI-2 is normed for individuals over the age of 5 

' "The mild, or educable, level of mental retardation falls between two and three standard deviations below 
the mean" (p. 47). "The moderate, or trainable, level of mental retardation falls between three and four 
standard deviations below the mean" (p. 50). (Hickson, Blackman, and Reis, 1995). 

19 



years. Two CG subjects were under the age of 5, so tme nonverbal IQ scores were not 

determined for these subjects. However, the TONI-2 was administered to these subjects, 

and their nonverbal IQ scores fell within the crheria for the study when scored at the level 

of a 5 years old. Mean receptive language age of the CG subjects as determined by the 

Peabody Picture Vocabulary Test (PPVT, Dunn and Dunn, 1991) was 6.96 with a SD of 

1.71. Table 3.1 depicts the individual subject characteristics of subjects in CG and EG. 

Materials: 

Appendices A and B display the word and sentence stimuli presented in the study. 

Stimulus materials included 4 word lists of 20 words each and 4 sentence lists of 20 

sentences each. The word and sentence lists were developed from Fried-Oken and 

More's (1992) vocabulary core list for 3 to 6-year-old non-speaking children, 

Beukelman, Jones and Rowan's (1989) list of words used by non-disabled peers in 

integrated preschool classrooms, the MacArthur Communicative Development Inventory: 

Words and Sentences (MacArthur, 1993) and Paul's (1995) list of the 500 most common 

words in 6-year-olds' expressive vocabularies. One of the word and sentence lists was 

identified as repeated and the remaining three were identified as novel. The sentences 

were designed in the present progressive form through use of a contractible copula, (e.g., 

"The girl is mnning,") which was reported by the MacArthur to be used by 90% of 

typically developing children by the age of 30 months. Owens (1992) noted that this 

form is used correctly in 90% of required contexts between the ages of 30-50 months. 

The words used in the sentences were different from those used in the word hst. 

To reduce possible order effects, half of the subjects inhially received the word 

list followed by the sentence list, and the other half initially received the sentence list 

followed by the word list. Additionally, the order of the repeated and novel lists whhin 

each session across subjects was interchanged. Four words and four sentences from each 

list were repeated to assess intrasubject reliabilhy. In order to guarantee equivalency of 

lists, familiarhy data for both word and sentence lists was collected using Word Net 

(1998). A one way ANOVA found no significant difference between 4 word lists 

(F̂ 3 76)=.013, p >.01) and 4 sentence lists (F̂ 3 76)=.076, p >.01). 
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The synthetic speech used was the ETI Eloquence (1998) adult male voice Wade. 

The stimuli were entered into ETI Eloquence synthesizer using orthographic spellings 

and a pronunciation dictionary. All stimuli were recorded onto a digital compact disc at a 

sampling rate of 11,025 Hz via Hewlett-Packard's Easy-CD Audio software (1995). 

They were presented via a Sony Discman using speakers (Hi-Tex CP-668) placed 

approximately 12 inches in front of the subject. Stimulus presentation took place in a 

quiet room at 60 dBSPL as determined by a sound level meter. 

To assess subject responses, 80, 8.5x11 inch cards were designed. Each card 

contained a black and whhe line-drawing of the target word or sentence presented and 

three foil pictures. The cards used a grid of two rows by two columns, with one black 

and white drawing in each grid. The subjects were asked to point to the drawing 

depicting the stimulus hem. 

Procedures: 

Pre-experimental Procedures: Subjects were initially screened for hearing 

followed by administration of the PPVT (Dunn & Dunn, 1991), the TONI-2 (Brown, 

Sherbenou, & Johnsen, 1990) and a picture identification task. The picture identification 

task was be administered to parcel out the effects of synthetic speech from lack of 

conceptual knowledge of the stimuli. For this task, subjects were tested on all word and 

sentence stimuli except the function words such as "The" and "is." The function words 

were only utilized in the sentence lists. To assess picture identification, index cards 

marked into four grids (two rows x two columns) were developed. Each index card had a 

target picture and three foils. The stimuli were presented in a live, natural female voice, 

preceded by the prompt, "Show me." Subjects were instmcted to choose the best answer 

and guess if they were not certain. Subjects unable to attain a score of 100% correct on 

the pre-test were excluded from the study. The perfect scores on the picture 

identification task ensured that the performance of the subjects was related to the 

processing of synthetic speech and not to underlying cognhive defichs. The pre-

experimental procedures were conducted at least one week prior to the beginning of the 

experiment. 
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Experimental Task There were a total of three experimental sessions, each 

separated by a period of at least 24 hours. During each session, subjects were presented 

with a list of novel and repeated words and sentences. The repeated word and sentence 

lists were presented in each of the 3 sessions. A new novel word and sentence list was 

presented in each session. Subjects were instmcted that they would hear a series of 

words or sentences preceded by a carrier phrase and that their task was to point to the 

drawing depicting the word or sentence. Each stimulus hem was followed by an 

interstimulus interval of 5 seconds. Immediately prior to the first experimental session, 

three practice hems were mn to ensure that the subjects are familiar with the task. The 

practice hems were different from those used in the experimental task. 

Experimental Design 

The design used was a whhin-subject group design whh complete 

counterbalancing. The data were analyzed using a repeated measure design (Winer, 

Brown, & Michels, 1991). Raw scores for each subject were entered into a 

2 (complexhy: word and sentence) X 2 (type: novel and repeated) X 3 (listening trial: 

trial 1, trial 2, trial 3) ANOVA. Main effects and interactions were determined. Unit-by-

unit agreement ratio was used to determine intrasubject reliability (Hegde, 1994). 

The data for EG and CG were analyzed separately. As there is an abundance of 

data on the perception of synthetic speech in non-disabled individuals (e.g., Greene, 

Logan & Pisoni, 1986; Higginbotham, Drazek, Kowarsky, Scally, & Segal, 1994; 

Higginbotham, Scally, Lundy, & Kowarsky, 1995; Hoover, Reichle, Van Tasell, & Cole, 

1987; Koul & Allen, 1993; Mirenda & Beukelman, 1987; Mhenda & Beukelman, 1990; 

Venkatagiri, 1994,), it was felt that data on non-disabled subjects were needed in the 

current study only to establish a benchmark condhion for the new ETI Eloquence 

synthesizer. 
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Table 3.1. Individual characteristics of subjects in control and experimental groups 

Number 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

Group 

E.xperimental 

Experimental 

Experimental 

Ex-perimental 

Experimental 

Experimental 

Experimental 

Experimental 

Experimental 

Experimental 

Experimental 

Experimental 

Experimental 

Experimental 

Experimental 

Experimental 

Experimental 

Experimental 

Control 

Control 

Control 

Control 

Control 

Control 

Control 

Control 

Control 

Control 

Nonverbal IQ' 

70 

65 

57 

63 

65 

61 

80 

80 

65 

63 

60 

58 

57 

63 

79 

63 

60 

60 

115 

116 

118 

136 

100 

104 

104 

112 

108 

116 

Vocabulan 
Age" 

7-6 

4-10 

6-3 

7-7 

5-4 

3-2 

10-5 

11-8 

6-2 

3-11 

5-1 

7-1 

4-2 

4-5 

10-1 

4-10 

6-10 

3-2 

8-6 

7-6 

8-10 

10-2 

6-7 

5-2 

4-11 

5-7 

5-4 

7-0 

Chronological 
Age 

27 

34 

28 

30 

45 

28 

55 

36 

54 

36 

50 

23 

30 

49 

38 

22 

34 

49 

5 

7 

8 

6 

^ 

4 

4 

5 

5 

6 

" As determined b>' the Test of Nonverbal InteIligence-2 (TONl-2) 
"' As determined b> the Peabod} Picture Vocabulan Test (PPVT) 
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Chapter IV 

Resuhs 

The data were analyzed using two dependent measures: (1) word identification 

accuracy and (2) sentence comprehension accuracy. Data for the experimental and 

control groups were analyzed separately because there were fewer subjects in the CG 

(n=10) than in the experimental group (n=18). 

Experimental Group 

Word Identification and Sentence Comprehension 

Figures 4.1 and 4.2 show the mean percent correct word identification and mean 

percent correct sentence comprehension scores for novel and repeated word and sentence 

lists across three listening trials. Higher mean scores were obtained for the word 

identification task in comparison to the sentence comprehension task. Data for word 

identification and sentence comprehension accuracy were analyzed using a repeated 

measures (2X2X3) ANOVA. This analysis revealed a signifi.cant main effect for 

stimulus complexhy [F (i, u^) = 42.37, p <.0l]. Word identification accuracy scores 

(mean = 92) was significantly superior to sentence verification accuracy scores (mean = 

80) across three trials. A significant main effect was also noted for listening trials [F c 

136)= 88.12, p <.01]. Combined word identification and sentence comprehension 

accuracy was significantly lower in trial 1 (mean = 80) compared to trial 2 (mean =87 ) 

and trial 3 (mean = 91), There was no significant effect for stimulus type on word 

identification and sentence comprehension accuracy [F (i, i36) = 008, p >.01]. 

Additionally, there were no significant two-way interactions between listening trials and 

stimulus type [F (i, i36) = 1.74, p >.01], stimulus type and complexity [F (i, i36) = 416, p 

>.01], listening trials and complexity [F (2, i36) = 99, p>.01]. There was also no 

significant thjee-way interaction between stimulus type, com.plexity, and listening trials 

[F(2.i36) = .575,p>.01]. 

Post-hoc analysis using the Scheffe test (p < .01) (Glass and Hopkins, 1984) was 

done to detect the difference between the means. Results revealed that percent correct 
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scores on trial 2 were significantly superior than scores on trial ], and percent correct 

scores on trial 3 were significantly superior than scores on trial 2 The sentence 

comprehension task had significantly lower percent correct scores than the \\ ord 

identification task. No significant differences were found between novel and repeated 

words and novel and repeated sentences. 

Control Group 

Word Identification and Sentence Comprehension 

Figure 4.3 and 4.4 shows the mean percent correct word identification and 

sentence com.prehension scores for novel and repeated word and sentence lists across 

three listening trials. Higher mean scores were obtained for the word identification task in 

comparison to the sentence comprehension task. Data for word identification and 

sentence comprehension accuracy were analyzed using a repeated measures (2X2X3) 

ANOVA. This analysis revealed a significant main effect for stimulus complexhy [F (i, 

72) = 13.03, p <.01]. Word identification accuracy scores (mean = 96) were significantly 

superior to sentence verification accuracy scores across three trials (mean = 89). A 

significant main effect was also noted for listening trials [F (2,72)= 45.94, p <.0l]. 

Com.bined word identification and sentence com.prehension accuracy scores were 

significantly lower in trial 1 (mean = 87) compared to trial 2 (mean = 93) and trial 3 

(mean = 97). Addhionally, there was a significant two-way interaction between listening 

trials and complexity [F (1,72) = 3.54, p <.05]. Figure 4.5 depicts interaction between 

listening trials and stimulus complexity in control group subjects. Performance on the 

sentence comprehension task showed significantly superior improvement across thjee 

trials (trial 1, mean = 82.47; trial 2, m_ean = 88.72; and trial 3, m.ean = 94.98) than did 

performance on the word identificafion task (trial 1, mean = 91.66; trial 2, mean = 96.86; 

and trial 3, m.ean = 98.95). 

However, there were no significant two-way interactions between listening trials 

and stimulus type [F (2,72) = 02, p >.01] and stimulus type and complexity [F (1,72) = 243, 

p >.01 ]. There was also no significant three-way mteraction between stimulus type, 

complexity, and listening trials [F (2,72) = -61, p >.01]. 
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Post-hoc comparisons using the Scheffe test (p <.01) (Glass and Hopkins, 1984) 

revealed that percent correct scores on trial 2 were significantly higher than scores on 

tnal I, and percent correct scores on trial 3 were significantly higher than scores on trial 

2. Sentence comprehension task had significantly lower percent correct scores than word 

identification task. No significant difference was found between novel and repeated 

words and novel and repeated sentences. 

Receptive Vocabulary Age and Non-verbal 10 

A correlation analysis was conducted to determine the statistical relationship 

between non-verbal IQ, receptive vocabulary age, and performance on a repeated 

listening task for EG and CG subjects. Resuhs in general revealed very weak and non

significant correlations. Weak yet significant correlations were found between non

verbal IQ and performance on a repeated listening task (EG: r = .201, r̂  = .04, p <.01, 

CG: r = .306, r= .09, p <.01) and receptive vocabulary age and performance on a 

repeated listening task (EG: r=.264, p <.01; CG: r=.466, p <.01). These resuhs indicate 

that IQ and receptive vocabulary age may have had either no influence or very limited 

influence on the scores in the experimental task. 

Reliability 

A unit-by-unit agreement ratio was used to determine intrasubject reliability for 

EG and CG participants (Hegde, 1994). The intrasubject reliabilhy ratio for EG subjects 

was 95% for word stimuli and 89% for sentence stimuli. The intrasubject reliabilhy ratio 

for CG subjects was 98% for word stim_uli and 93% for sentence stimuli. 
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subjects for novel and repeated word lists across trials I, 2, and 3. 
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Chapter V 

Discussion 

The overall results of this study revealed that perception of synthetic speech was 

enhanced as a result of repeated listening experiences. Primarily, significant 

improvement was noted across trials in both EG and CG. Both groups had significantK 

lower scores in trial I across the sentence and word tasks. (EG mean = 80; CG mean = 

87) in comparison to trial 2 (EG mean = 87; CG mean = 93) and trial 3 (EG mean = 91, 

CG mean = 97). 

Previous studies whh non-disabled individuals have shown improved perception 

of synthetic speech following repeated exposure (e.g., Greenspan, Nusbaum, & Pisoni, 

1988; McNaughton, Fallon, Tod, Weiner, & Neisworth, 1994; Rounsefell, Zucker, & 

Roberts, 1993; Schwab, Nusbaum, & Pisoni, 1985; Venkatagiri, 1994). Rounsefell et al. 

(1993) performed a study in which non-disabled high school students listened to two 

sentences presented in synthetic speech. The students were divided into two groups, of 

which one group listened to three training sentences prior to the task and one group 

received no training. They found that synthetic speech fi-om the Echo II, VocaLite, and 

DECtalk synthesizers was significantly more intelligible to the group that received 

training than to the untrained group. Similarly, McNaughton et al. (1994) found that both 

non-disabled children and adults showed significantly superior intelligibilhy of synthetic 

speech produced by Echo and DECtalk synthesizers following five training sessions. The 

stimulus hems used in McNaughton et al.'s (1994) study were single words. Schwab et 

al. (1985) studied perception of synthetic speech following training whh the Votrax 

synthesizer in non-disabled aduh subjects. Subjects were divided into three groups (i.e., 

trained in synthetic speech, trained in natural speech, no training). All groups were 

evaluated on a pre-test and post-test presented in synthetic speech. The stimuli used were 

word, sentence, and passages. The group trained on the synthetic speech performed 

significantly superior on the post-test than on the pre-test. 

Duffy and Pisoni (1992) suggested that improved perception following repeated 

listening experiences may be the resuh of the listener's ability to learn to analyze the 

acoustic-phonetic structure of synthetic speech. They stated that following training. 
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listeners process synthetic speech in a similar manner to natural speech. Allowing the 

comprehension system of the listener to analyze speech in a familiar way allows for faster 

and more accurate perception of synthetic speech. 

Although synthetic speech perception scores in the present study increased 

following training in both words and sentences, subjects had significantly higher mean 

word identification scores (EG = 92; CG = 96) than mean sentence comprehension scores 

(EG = 80; CG = 89). This indicates synthetic speech perception was significantly 

supenor in both groups in word identification task as opposed to sentence comprehension 

task. 

Studies employing disabled and non-disabled subjects have demonstrated superior 

performance on less complex stimulus hems. In a study whh intellectually disabled 

individuals and matched non-disabled controls, Koul and Hanners (1997) found that 

performance on word identification task was superior in contrast to sentence verification 

task. Further, control group participants performed significantly superior than 

intellectually disabled participants on both word identification and sentence verification 

tasks. Higginbotham et al. (1994) found that the abilhy of non-disabled individuals to 

summarize a passage presented in synthetic speech declined as the complexhy of the text 

increased. This indicates that the response accuracy decreases as synthetic speech stimuli 

become more complex. 

Mirenda and Beukelman (1987, 1990) found that intelligibility for single words 

was inferior to that of sentences across eight different synthesizers (i.e.. Echo 11+, Votrax, 

DECtalk, Smoothtalker 2.0, Smoothtalker 3.0, RealVoice, Artie, and Lightwrher). These 

resuhs were observed for non-disabled children and aduhs. However, Mirenda and 

Beukelman's resuhs are not comparable to those of the present study, because their 

studies used an open-response format. For example, the children in each study were 

instructed to verbally repeat the stimuli to the examiner and the adult subjects were 

instructed to type the stimuli. Poor performance on word stimuli was thought to be a 

result of the lack of "contextual support" (Mh-enda and Beukelman, 1990). In contrast, 

subjects in the present study used a multiple-choice, or closed-response format. 

Superior performance for word stimuli may be the resuh of increased processing 

demands of more complex stimuli. Listening to s>Tithetic speech requires that a large 
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ponion of cogniti\e resources be allocated to deciphering the acoustic-phonetic structure 

of synthetic speech, leaving fewer resources available for comprehending the semantic 

content of the message (Duffy' and Pisoni, 1992; Ralston, Pisoni, Lively. Greene, and 

Mullennix, 1991). This effect may be magnified in individuals with cognhive disabilities, 

because these individuals characteristically have difficuhies processing verbal 

information (Taylor, Stemberg, and Richards, 1995; Patton and Polloway, 1990). 

Addhionally, the results of this study indicated that CG subjects showed a 

significant interaction between repeated listening experiences and stimulus complexity 

[F (1.36) = 3.54, p<.05]. Specifically, CG subjects demonstrated significantly superior 

improvement across trials in the comprehension of sentence stimuli as opposed to word 

stimuli. These resuhs were not significant in the EG; however, a trend toward superior 

improvement across trials in the EG was noted for sentence comprehension task (trial one 

mean = 82 ; trial three mean = 95) as opposed to word identification task (trial one mean 

= 92 ; trial three mean = 99). 

One explanation for the interaction in the CG data may be a possible ceiling effect 

for the word stimulus items that prevented an increase in identification scores. Mean 

sentence comprehension scores improved fi^om 82% to 95% following three listening 

trials, and mean word identification scores improved fi-om 92% to 99% following three 

trials. Mean word identification improvement fi-om trial 2 (97%) to trial 3 (99%) was less 

than improvement seen from trial I (92%) to trial 2 (97%). 

An interesting resuh of the present study is that there was no significant effect for 

stimulus type (i.e., novel versus repeated) across groups. Although CG and EG subjects 

performed better on repeated stimuli, the difference was not significant. U was 

hypothesized that practice effects for repeated stimuli would be superior to those for 

novel stimuli because individuals whh mental retardation may require more redundancy 

than their non-disabled peers to accurately comprehend linguistic information (Haring, 

McCormick, and Haring, 1994). However, resuhs of this study indicated that individuals 

whh mental retardation were able to generalize their knowledge of the acoustic-phonetic 

properties to novel synthetic stimuli. 

These resuhs are supported by Greenspan et al. (1988) who reported that on a 

perceptual learning task, there were no significant differences between novel and 
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repeated word and sentence stimuli in non-disabled individuals. Further, in a repeated 

listening study whh non-disabled children, McNaughton et al. (1994) found that there 

was no significant difference between novel and repeated stimuli produced by the high-

quality DECtalk synthesizer. Both Greenspan et al. and McNaughton et al used an open-

response format in their examination of practice effects, whereas the present study used a 

closed-response format. 

Because there are no empirical studies on the intelligibilhy of the ETI-Eloquence 

synthesizer (1998) with non-disabled individuals, the present study was designed to 

gather preliminary data on this synthesizer. This synthesizer has several characteristics 

that differentiate it from hardware based synthesizers such as DECtalk. ETI-Eloquence is 

a software based text-to-speech synthesizer that is installed on an IBM compatible 

computer and produces synthetic speech via the computer's sound card, h is a Klatt-based 

synthesizer and is accessed through the Eloqutor program, which is available whh the 

synthesizer. It processes a variety of types of text. 

ETI-Eloquence allows for menu-based modification of the features of the 

synthetic voice (i.e., pitch, size of the vocal tract, head size, roughness, breathiness, 

speed, and volume). Addhionally, it has user-friendly options for changing prosodic 

features in the synthetic utterance (e.g., using punctuation to produce pauses, rising or 

falling intonation). ETI-Eloquence also allows users to utilize phonetic spellings to 

specify the pronunciation of a word and to store those pronunciations in a user dictionary. 

The dynamic nature of the synthesizer allows for user-friendly changes to the synthetic 

voice that might make h more appropriate for a particular user, listener, or context. 

DECtalk is a hardware based synthesizer which does not allow for user-friendly 

modifications of the synthetic voice. 

Despite the differences in the synthesizers, performance of CG subjects in the 

present study using the ETI-Eloquence synthesizer is approximately identical to that of 

several previous studies that used the DECtalk synthesizer. CG participants had a mean 

word identification accuracy score of 92% and a mean sentence comprehension accuracy 

score of 82% on the first training session with the ETI-Eloquence synthesizer. Koul and 

Allen (1993) reported that DECtalk had intelligibilhy rafings ranging from 82% in an 

open-response format to 97% in a closed-response format. 
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A number of studies have evaluated the high-quality DECtalk synthesizer using 

both closed-response (e.g., Greene et al, 1986; Koul & Hanners, 1997, Logan. Greene. & 

Pisoni, 1989) and open-response formats (e.g., Mirenda & Beukelman, 1987. Mirenda & 

Beukelman, 1989; Logan et al, 1989; McNaughton et al, 1994). The results of the 

present study were compared to those of previous studies using closed-response formats 

Performance of non-disabled aduhs using the DECtalk synthesizer was almost 

identical to that of natural speech using Modified Rhyme Test (MRT) stimuli, a 

closed-response set of stimuli whh six response ahematives (Greene et al., 1986). 

Similariy, Logan et al. (1989) found that perception accuracy for single MRT words was 

97% whh the DECtalk Paul synthetic voice. Koul and Hanners (1997) found that non-

disabled children had mean word identification accuracy scores of 99% on stimuli 

produced by DECtalk Paul and Betty when using a four-choice set of picture stimuli as a 

response modalhy. 

In an open-response format, Mirenda and Beukelman (1987) found that children 

between the ages of 6 and 8 years understood words presented by the DECtalk 

synthesizer with 72% accuracy and sentences with 81% accuracy. Further, these subjects 

had mean sentence verification accuracy scores of 99% and 97%, on stimuli produced by 

DECtalk Paul and DECtalk Betty, respectively. Logan et al. (1989) found that perception 

accuracy for single word stimuli produced by DECtalk Paul in an open-response format 

was 87% correct. McNaughton et al. (1994) found that children received scores of 71% 

and 67% accurate (i.e., novel and repeated stimuli, respectively) for words in an open-

response format on their first training session. Adults in the study received scores of 77% 

and 82% accurate in trial one for single words. 

Conclusions: 

1. Word Identification and Sentence Comprehension Accuracy of Synthetic Speech 

across Listening Trials: Both EG and CG subjects demonstrated significant (p < .05) 

improvement in word identification and sentence comprehension across three trials. 

Both groups had significantly lower scores in trial I (EG mean = 80; CG mean = 87) 

in contrast to trial 2 (EG mean = 87; CG mean = 93) and trial 3 (EG mean = 91; CG 
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mean = 97); therefore, significant practice effects were present across three training 

sessions. 

-• Effects of Stimulus Complexity on Perception of Synthetic Speech: Synthetic speech 

comprehension was significantly superior (p < .05) across groups in the word 

identification task (EG mean = 92, CG mean = 96) as opposed to the sentence 

comprehension task (EG mean = 80; CG mean = 89). 

3. Performance on Repeated Versus Novel Stimuli: Repeated stimuli were not 

significantly (p < .05) more intelligible than novel stimuli across groups which 

indicated that both EG and CG subjects were able to generalize their knowledge of 

the acoustic-phonetic properties of synthetic speech to novel stimuli. 

4. Intelligibility of ETI-Eloquence Synthesizer: Intelligibilhy of the ETI-Eloquence 

synthesizer was almost identical to that of the high qualhy DECtalk synthesizer which 

is used widely in research and clinical applications. CG panicipants had a mean word 

identification accuracy score of 92% and a mean sentence comprehension accuracy 

score of 82% on the first training session. These resuhs were comparable to results 

obtained in a large number of previous studies in which the DECtalk synthesizer was 

used. 
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Word 
donut 
glue 
pencil 
snowman 
balloon 
clown 
finger 
monkey 
scissors 
squirrel 
truck 
eggs 
present 
duck 
wagon 
eye 
pig 
bell 
ball 
box 
farm 
ice cream 
pillow 
turtle 
bathroom 
cookie 
hat 
nurse 
sink 
toothbrush 
tv 
flower 
rabbit 
fish 
bath 
bird 
table 
water 
hammer 
feet 

List 
nl 
nl 
nl 
nl 
nl 
nl 
nl 
nl 
nl 
nl 
nl 
nl 
nl 
nl 
nl 
nl 
nl 
nl 
nl 
nl 
n2 
n2 
n2 
n2 
n2 
n2 
n2 
n2 
n2 
n2 
n2 
n2 
n2 
n2 
n2 
n2 
n2 
n2 
n2 
n2 

XA 

Word 
glasses 
khchen 
sandwich 
zipper 
boat 
doghouse 
juice 
pants 
sock 
tractor 
cake 
money 
rain 
milk 
shoe 
comb 
train 
window 
key 
house 
airplane 
gloves 
kleenex 
shirt 
apple 
camera 
doll 
ladder 
popcorn 
spider 
tree 
coat 
peanut 
chair 
shovel 
bed 
door 
cat 
book 
hand 

List 
n3 
n3 
n3 
n3 
n3 
n3 
n3 
n3 
n3 
n3 
n3 
n3 
n3 
n3 
n3 
n3 
n3 
n3 
n3 
n3 
r 
r 
r 
r 
r 
r 
r 
r 
r 
r 
r 
r 
r 
r 
r 
r 
r 
r 
r 
r 
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Who 
girl 
woman 
woman 
baby 

woman 
girl 
boy 
woman 
baby 
car 
man 
dog 
man 
man 
man 
man 
man 
dog 
woman 
man 
woman 
girl 
girl 
baby 
woman 
woman 
boy 
woman 
woman 
woman 
girl 
man 
man 
man 
man 
woman 
man 
boy 
woman 
man 

-ing Verb 
skating 
yelling 
listening? 
ripping 
buying 
pouring 
kicking 
sweeping 
crying 
stopping 
cooking 
staying 
digging 
building 
opening 
fishing 
throwing 
catching 
cutting 
running 
smiling 
drying 
sleeping 
kissing 
singing 
talking 
pushing 
cleaning 
looking 
reading 
swinging 
eating 
tearing 
fixing 
resting 
driving 
touching 
falling 
taking 
making 

List 
nl 
nl 
nl 
nl 
nl 
nl 
nl 
nl 
nl 
nl 
nl 
nl 
nl 
nl 
nl 
nl 
nl 
nl 
nl 
nl 
n2 
n2 
n2 
n2 
n2 
n2 
n2 
n2 
n2 
n2 
n2 
n2 
n2 
n2 
n2 
n2 
n2 
n2 
n2 
n2 

\PPENDIX B 

Who 
woman 
girl 
girl 
woman 
woman 
baby 
girl 
woman 
woman 
man 
man 
man 
boy 
man 
man 
match 
man 
woman 
man 
man 
woman 
woman 
woman 
boy 
giri 
giri 
giri 
woman 
boy 
woman 
boy 
woman 
man 
woman 
man 
man 
man 
woman 
man 
2irl 

-ing Verb 
teaching 
hugging 
wiping 
painting 
climbing 
hiding 
watching 
sitting 
writing 
swimming 
chopping 
tasting 
closing 
sticking 
riding 
burning 
working 
holding 
carrying 
breaking 
sneezing 
dancing 
licking 
bhing 
drinking 
spilling 
splashing 
helping 
growing 
feeding 
pulling 
washing 
shaking 
hitting 
walking 
jumping 
standing 
playing 
drawing 
sivina 

Li 
n3 
n3 
n3 
n3 
n3 
n3 
n3 
n3 
n3 
n3 
n3 
n3 
n3 
n3 
n3 
n3 
n3 
n3 
n3 
n3 
r 
r 
r 
r 
r 
r 
r 
r 
r 
r 
r 
r 
r 
r 
r 
r 
r 
r 
r 
r 
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