
2 7 ? 

N8i 
12iO 

EARLY COMMUNICATIVE BEHAVIORS IN A TWO YEAR OLD CHILD 

WITH A COCHLEAR IMPLANT IN AN 

AUDITORY-VERBAL PROGRAM 

THESIS 

Presented to the Graduate Council of the 

University of North Texas in Partial 

Fulfillment of the Requirements 

For the Degree of 

MASTER OF SCIENCE 

By 

Martis R. Okon, B.S. 

Denton, Texas 

December, 1995 



2 7 ? 

N8i 
12iO 

EARLY COMMUNICATIVE BEHAVIORS IN A TWO YEAR OLD CHILD 

WITH A COCHLEAR IMPLANT IN AN 

AUDITORY-VERBAL PROGRAM 

THESIS 

Presented to the Graduate Council of the 

University of North Texas in Partial 

Fulfillment of the Requirements 

For the Degree of 

MASTER OF SCIENCE 

By 

Martis R. Okon, B.S. 

Denton, Texas 

December, 1995 



Okon, Martis R., Early Communicative Behaviors in a Two Year Old Child 

with a Cochlear Implant in an Auditory-Verbal Program. Master of Science 

(Speech-Language Pathology), December, 1995, 81 pp., 21 tables, 11 figures, 

references, 35 titles. 

The communicative interchanges of a congenitally deaf child who 

received a cochlear implant at 24 months of age were videotaped in fifteen 

hourly sessions over a nine month period while she participated in auditory-

verbal therapy prior to and following implantation. The present study examined 

selected early communicative behaviors. Using Tait's (1993) protocol for 

charting communicative adult-child interaction, gestures, eye-gaze, and sound 

uttered either by the child or an adult during communicative interchanges were 

transcribed from the videotapes. 

Results corresponded with Tait's, revealing growth in the child's 

communicative interaction across sessions. In less than three months following 

implantation phonemic measures rose dramatically. Almost all phonemic 

measure correlations were significant, high, and positive. 
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INTRODUCTION 

Historically, profoundly deaf children have had substantially delayed 

communication skills in both the production of speech as well as the use of 

spoken language (Bench, 1992). Traditional amplification devices at best 

provided some prosodic cues and limited phonemic information (Stone & Adam, 

1986). In addition to the restricted prosodic and phonemic information, Turner, 

Holt & Relkin (1987) state that most hearing aids also do not address the poor 

frequency resolution often found in inner-ear hearing loss. Considering the 

acoustic input received by deaf children from traditional amplification, it is not 

surprising that their communication skills were substantially delayed and at times 

deviant (Bench, 1992). 

Recent developments in medical technology, particularly the 22 channel 

cochlear implant, have improved the profoundly deaf individual's ability to hear 

speech acoustic information (Tyler, 1993). According to Cochlear Corporation 

(1993), wearers of the 22 channel cochlear implant are able to detect speech 

and environmental sounds at loudness levels of 40 to 60 dBHL throughout the 

frequency range from 280 Hz to above 4000 Hz. Individual cases have been 

reported to demonstrate even better thresholds in the 30 to 40 dBHL range (L. 

Daniel, personal communication, August 1995). 
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We know that hard of hearing individuals with thresholds similar to those 

provided by the cochlear implant develop better receptive and expressive skills 

than individuals with profound hearing loss (Bench, 1992). It is reasonable to 

predict that individuals with the cochlear implant may also have the potential to 

develop better speech intelligibility and use of spoken language than deaf 

individuals with hearing aids. 

The wide variety of rehabilitative and educational approaches used with 

deaf children has had a strong influence on research results which describe 

individuals' abilities to use the auditory information provided by their 

technological devices. In order to investigate the use of acoustic cues by a 

profoundly deaf child with a cochlear implant in the present study, the auditory-

verbal method was selected. This program focuses on maximizing the child's 

acoustic environment and maximizing the opportunities for learning to use the 

acoustic cues provided by the device. The present study investigates various 

aspects of nonverbal and early vocal behavior in a young child who received the 

implant at 24 months of age. 



CHAPTER I 

REVIEW OF THE LITERATURE 

Cochlear Implant Devices 

Cochlear implants benefit profoundly deaf children who show little or no 

benefit from hearing aids (Langman, Souliere and Quigley, 1994). The device 

consists of components implanted in the head and components worn outside the 

body. The surgically placed internal component consists of receiver/ stimulator 

coupled to an electrode array that is inserted through the round window into the 

scala tympani. The external portion consists of a directional microphone worn 

behind the ear; this feeds a speech processor worn at the chest or the waist; the 

processor output is coupled to a transdermal transmitter coil. The implant 

assembly converts sound into electrical pulses that are transmitted via the 

electrodes to fibers of the v m auditory nerve (Hasenstab and Laughton, 1991). 

Ambient sounds are transduced by the microphone for relay to the body-worn 

speech processor which amplifies and processes the electrical version of the 

sound. The processed electrical signal is broadcast through the scalp via a coil 

antenna which produces an FM signal that is picked up by the implanted 

receiver. The receiver delivers multiple channels of electrical stimulation via the 

electrode array which rests on the tonotopically arranged nerve fibers of the 
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cochlea. The electrically evoked excitation of the spiral ganglia elicits auditory 

perception of speech or environmental sounds. 

Following the implant surgery, a 4 to 6 week period is needed for healing 

prior to the implant programming (Tyler, 1993). During the initial programming, 

electrical thresholds are established for each of the 22 electrodes as are comfort 

levels for each. Due to the tonotopic arrangement of the nerve fiber, each 

electrode is then assigned a frequency band to which it will respond. In addition 

to frequent re-programming sessions during the months following surgery, newly 

implanted children are formally re-evaluated six months after the initial 

programming, and then annually (Langman, Souliere and Quigley, 1994). 

Postimplant Aural Rehabilitation 

Aspects of the aural rehabilitation program for implanted patients typically 

include training in sound awareness, speech recognition, learning the 

mechanics of wearing and manipulating the implant, and speech and language 

therapy (Lambert, Ruth and Tucci, 1990). Almost without exception, children 

and adults achieve enhanced speech perception, speech production, and 

language skills. Langman, Souliere, & Quigley (1994) stated that most auditory 

training for children with cochlear implants resembled that used with children 

fitted with conventional hearing aids. 

The implant provides the child with novel sensory information regarding 

the speech signal. This novel set of cues which are electrically elicited are the 

raw material for the auditory processing skills the child will need in order to 
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develop verbal communication. Aural rehabilitation materials have been made 

available recently for cochlear implanted children. In 1990, Robbins surveyed 

rehabilitation programs designed specifically for children and concluded that 

"only by pairing sound with meaningful experiences could these children begin 

to seek and become dependent upon auditory input" (p. 361). Most 

child-oriented auditory training programs are hierarchical; initial activities are 

highly structured, moving in steps from decoding formally patterned stimuli to the 

decoding of continuous speech. For example, over time the therapist can (1) 

increase the set size of the stimuli, (2) decrease the child's expectancy of the 

stimuli presented, or (3) increase the time interval between the therapist 

instruction and the presentation of the stimuli. 

A number of training programs have been developed for children who 

require auditory rehabilitation. Moog and Geers (1991) advocate the use of the 

Developmental Approach to Successful Listening (DASL) which is a commonly 

used hierarchical auditory training program. The DASL provides an assessment 

procedure to determine the child's pre-training level of auditory performance as 

well as its program for the development of listening skills. The DASL focuses on 

three areas of auditory skill development: (1) sound awareness, (2) phonetic 

listening, and (3) auditory comprehension. Its authors explain that in the "sound 

awareness" level of their program, the child is taught to become aware of a 

variety of sounds with the hearing technology systerg; "phonetic listening" 

activities train the child to listen to and monitor his own vocal productions, and 



"auditory comprehension" deals with semantic/ pragmatic decoding of speech 

(Maddox, Stout and Jorgenson, 1986). These three tracts are developed 

simultaneously in a hierarchical fashion. The teacher is responsible for finding 

activities that will allow the child to progress to the next level. Moog and Geers 

suggest that task difficulty be increased by reducing the degree of 

spectral-temporal contrast between items being discriminated. A 15 minute daily 

regimen of auditory training is recommended. Tyler (1993) discusses a different 

program which identifies four developmental stages of an auditory processing 

hierarchy: (1) awareness, (2) discrimination, (3) identification, and (4) 

comprehension. 

Only a few children implanted with the 22 channel cochlear implant can 

do more than recognize some open set words after 12 months; few of these 

children advance beyond producing a small set of single syllable or single word 

utterances consisting of a limited set of phonemes (Tyler, 1993). This state of 

affairs calls for new and more powerful ways to train auditory communication 

skills, even if the teaching becomes both intense in time spent, and continues 

through childhood (Daniel, 1990). The auditory-verbal philosophy is just such a 

system. 

Little research has been done on the development of communicative 

behaviors in very young children following their receipt of the cochlear implant. 

Tait (1993) studied changes in preverbal and early linguistic communication 

after cochlear implantation in 10 children with various communicative 
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backgrounds and differing ages using video analysis. The subjects were studied 

during a 12 month period prior to implantation and were followed up to one year 

post implantation. The first and second video recordings were made before the 

child was implanted, the third was made within the first two weeks after initial 

programming and the last three video recordings were made at three intervals 

after the initial tuning: 3 months, 6 months, and 12 months. These tapes 

consisted of 5 minute conversational interactions between the implanted child 

and a known adult. Five minute segments were selected which were thought to 

be most representative of the child's performance. Four areas were monitored 

during this period: turn taking (gestural/sign or vocal), autonomy, eye contact, 

and auditory awareness and processing. These areas were chosen because 

hearing infants follow sequential stages before the emergence of verbal 

communication. These stages include: (1) the ability to distribute attention 

between the parent and objects of communication (eye contact), and (2) the 

ability to take turns in dialogue (turn taking). Auditory awareness and 

processing skills were monitored through video analysis. The overall results of 

the study found an increase in vocal turn taking and a decrease in turns taken by 

gesture or sign. After the 3 month stage, there was almost no use of sign or 

gesture to exercise autonomy. Almost all the autonomy, which increased at a 

later stage, was vocal. Eye contact showed a mean increase over time, but the 

range was wide. Auditory processing also increased over time. 
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Because the subjects experienced various communication training 

methodologies, and their age range at the time of implantation was so broad, the 

results of only one of Tait's subjects was pertinent to the present study. The 

subject was deafened at 2 years 8 months and was involved in an oral approach 

which included the use of gestures and facial expression. Preimplant, the 

subject had no understanding of spoken language and reportedly had difficulty 

with the use of gestures. His eye contact and turn taking were at a low level and 

only moderate gains were seen during the pre-operative training period. The 

pre-implant eye contact measure with adults was 18%. Autonomy was seen 

21% of the time and only through the use of gesture. He was implanted at 3 

years 5 months. At 12 months postimplant, 86% of the conversational turns 

were vocal and autonomy was shown 31% of the time. Eye contact with the 

adult was 34% and non-looking turns were at 73%. 

The Auditory-Verbal Philosophy 

The child examined in the present study was in an auditory-verbal 

program with services delivered by a licensed audiologist with an additional 

master's degree in communication disorders and certified as an Auditory-Verbal 

therapist by Auditory-Verbal International. The auditory-verbal philosophy 

postulates that many children with hearing impairment can be taught to use their 

residual hearing for the auditory processing of spoken language. These skills 

can then be applied to the comprehension of verbal language and the production 

of speech (Goldberg, 1993). Estabrooks (1994) states that "auditory-verbal 



therapy is the application and management of technology, strategies, 

techniques, and procedures to enable children with hearing impairments to learn 

to listen and understand spoken language in order to communicate through 

speech" (p. 2). Auditory-verbal therapy is based upon the use of natural stages 

of auditory, speech, and language development. The goal of auditory-verbal is 

for the child to reach his full verbal potential for maximum integration into the 

hearing, speaking community. In an auditory-verbal lifestyle, children are 

provided with opportunities to listen and to speak throughout meaningful daily 

interactions with normal hearing/ speaking individuals. The professionals who 

apply this philosophy foster a partnership in therapy with the child's parents, 

training them to provide maximal acoustic-linguistic stimulation within family life. 

A major advantage of the auditory-verbal philosophy is that it teaches the child 

the same language that is spoken in their home and their language community. 

In contrast, the various forms of manual communication systems which are 

available are typically used in specific learning environments with select 

individuals. The auditory-verbal method can be integrated into many settings 

such as therapy, home, school, and extracurricular activities because of its use 

of the same language as the child's language community (Simser, 1993). 

Pollack (1985) provides a comprehensive account of the auditory-verbal 

program. In her description, a child is engaged in enriched and stimulating play 

experiences. These serve as the vehicle for training sequentially delivered 

discrimination tasks and provide explicit tactics for facilitating the use of audition. 
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These include: (1) focusing the child's attention on loud and soft sounds, (2) 

training attention to sound, (3) generalizing the attention skills to include sounds 

presented at increasing distances, (4) localizing the source of the sounds, (5) 

recognizing environmental and speech sounds, (6) reacting appropriately to the 

sounds, and (7) imitating or using productions communicatively. Pollack divides 

her program into eight sequential stages of training which commence with 

training of auditory awareness and proceed to discrimination, identification and 

comprehension of speech. For each stage, Pollack provides an outlined 

account of the behavioral objectives for that stage, materials to be used, 

suggested activities, parental guidance and procedures for evaluation of the 

child's performance. 

In the practical application of the auditory-verbal philosophy in therapy, 

each stage of training is scaffolded by the instructor in learning experiences 

embedded in meaningful social contexts. Daniel (1990) states that some of the 

prerequisites for optimal progress in auditory-verbal rehabilitation are (1) the 

child is appropriately and consistently amplified; (2) the parent assumes the role 

as the child's primary model of communication; (3) the child receives 

auditory-verbal therapy from qualified professionals; and (4) the child has ample 

interactions with normally hearing/ speaking children and adults. Auditory-verbal 

procedures foster parent-child interactions which initially focus on teaching the 

child to recognize the presence of sounds and attaching meaning to sounds in 

play activities. It also teaches the child to discriminate temporal, spectral and 
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intensity differences, recognize and use specific sounds as paired associates to 

concepts and then use sound sequences, modulations, and competing sources 

initially focusing on nonhuman and human sound sources. Attention, turn 

taking, identification, abstraction, categorization- all of these cognitive processes 

are trained in auditory modes. 

Flexer and Goldberg (1993) sent out 366 surveys to adults who had been 

trained in auditory-verbal programs throughout North America. One hundred 

fifty seven people responded. The questionnaire sought to determine the impact 

of auditory-verbal therapy on their adult lives as well as to learn if the auditory-

verbal model of intervention was reaching its targeted outcome. A majority of 

the respondents reportedly had been fit with binaural hearing aids by 2 years of 

age, were enrolled in auditory-verbal therapy for an average of 11 years, and 

claimed there was a high level of involvement in the rehabilitation process by 

both parents. As a result, three-quarters of the group perceived themselves as 

being a part of the hearing world and over three-quarters of the respondents 

used the telephone for sending and receiving messages. One hundred fifty two 

of the respondents said they at least graduated from high school, one reported 

receiving a GED degree and 95% of them attended a higher education after high 

school. For a majority of those who responded, auditory-verbal practice did 

provide them with the opportunity to grow up in regular learning and living 

environments that enabled them to function independently in mainstream 
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society. The authors concluded that the subjects from auditory-verbal training in 

achieved resulted in a high degree of participation in the hearing world. 

Parent/ Caregiver Training 

After a child receives a cochlear implant or other hearing aid, parent/ 

caregiver training is essential for optimal use of the device. As a result of the 

child's lack of experience with sound and because the home is the arena of 

social/ verbal training, the parents must assume responsibility for the care and 

maintenance of the implant as well as teaching the child to use spoken 

language. In the description of the principles of the auditory-verbal philosophy, 

Goldberg (1993) presents the role of the parent/ caregiver. This includes: (1) 

instructing primary caregivers in the ways to provide maximal acoustic 

stimulation within meaningful contexts; (2) including the parents as primary 

models for spoken language development, and (3) implementing one-to-one 

teaching in therapy. This requires commitment from the family of the implanted 

child. 

Parents commonly react differently to a deaf child than to a hearing child, 

reducing their communicative interactions (Pratt, 1991). To prevent this, Tye-

Murray and Kelsay (1993) hold parent seminars to train parents to communicate 

verbally with their newly-implanted child. This training includes (1) starting 

conversations; (2) organizing their thoughts before speaking; (3) recognizing 

failures in communication; and (4) repairing communication breakdown. The 

program uses the Communication Index for Parents (CIP) to evaluate the 
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parent's ability to repair communication failures. In the authors' opinions, the 

strengths of the seminar are that it gives an opportunity for parent's to practice 

training goals, foster self-critiquing skills, share experiences and receive mutual 

support from other families. 

In their parent training program, Tye-Murray and Kelsay (1993) describe 

their training procedure. First (1) parents are introduced to cochlear implant use 

and their communication behaviors with their children are assessed. They then 

(2) attend a parent seminar where they are trained in a home-centered training 

program which focuses on auditorily-based communication. Lastly (3) they are 

familiarized with a parent information library. Parents are encouraged to use 

speech with their child and to stop using other communication modes. They are 

also instructed to keep a diary of their child's speaking and listening behaviors. 

The auditory-verbal approach differs from that of Tye-Murray and Kelsay 

by requiring substantially more participation by the primary parent/ caregiver. 

Parents attend and are integrated into each therapy session with the child and 

the therapist. This comprehensive and ongoing involvement trains the parent to 

apply auditory-verbal principles and to become the child's primary role model for 

spoken language. With continued training of the parent and the child, the 

auditory-verbal procedures are integrated into the communicative routines of 

family life. 

Language Development of Implanted Children 

Little research exists on the language development in implanted children 



14 

between the ages of 2 and 4 years. The few studies of older children who were 

implanted suffer from heterogeneity of subjects, limiting generalizability of their 

results. In the most comprehensive of these works, Hasenstab and Tobey 

(1991) sought to examine development of five levels of language: morphology, 

phonology, syntax, semantics, and pragmatics. Their goal was to examine the 

impact of auditory information provided by the cochlear implant on the 

development of language skills. They studied four subjects who were under 7 

years of age: the authors considered them to be in an optimal period for rapid 

development of spoken language. Using evaluation protocols and narrative 

summaries, information was gathered prior to implantation and 1 year following 

implantation. Subjects number two and number three are relevant to this study 

because of their age of onset and age at implantation. Subject number two was 

prelinguistically deafened at 19 months and implanted at 31 months. Prior to her 

deafness, this child could speak 50 words, none of which were maintained 

following the onset of deafness. She was also unable to respond correctly to 

any of the Peabodv Picture Vocabulary Test-Revised (PPVT-R) (Dunn & Dunn, 

1981) items, yet by 6 months postimplant, she obtained an age equivalence of 

two years. After 1 year with the cochlear implant, pragmatic skills progressed 

from level I (nonverbal performative: eye contact + facial expression + forward 

posture + point) to a level n (nonverbal performatives accompanied by 

vocalization: eye contact + facial expression + forward posture + point + 

"uh-uh-uh"). 
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Subject number three had a profound congenital loss and was implanted 

at 5 years of age: she wore hearing aids for 4 years prior to receiving the 

cochlear implant. An oral communication approach was used with her. Prior to 

implantation, she had a functional spoken vocabulary of over 200 words. Her 

PPVT-R age equivalent score was 2.5 years preimplant and development of 

definition was at level lb (child is able to define object by word and/ or word by 

object). This subject was at level III (nonverbal performatives accompanied by 

verbalization: eye contact + facial expression + forward posture + point + 

"cookie") before her implant. Six months postimplant assessment procedures 

revealed an age equivalence score of 3.5 years on the PPVT-R and by 1 year 

postimplant her age equivalent score was at 4.1 years with development of 

definition moved to level Ilia (child is able to define object by aspects of its 

characteristic parts). Six months after initial programming she demonstrated 

skills at level IV (verbalization accompanied by nonverbal performatives: eye 

contact + "eat cookie" + forward posture + point) and by 12 months postimplant 

she had progressed to level V (verbalization supported by nonverbal 

performatives: eye contact + "see those cookies?" + point + "I want one"). 

According to the researchers, "preliminary observations suggest positive effects 

for functional spoken interactions for all children regardless of communication 

mode"(p.64S). 

Kirk and Hill-Brown (1985) studied the language of 78 children wearing 

cochlear implants. The subjects ranged in age from 2 years to 18 years and 
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their communication methods included total communication, oral communication, 

and cued speech. In their 2 year study, subjects' speech and language skills 

were assessed immediately following implantation to determine if age of the 

subject at the time of implantation and/ or their communication method (e.g.: oral 

communication, total communication, or cued speech) affected communication 

development. Data on speech production, expressive language, and receptive 

language were collected both pre and postimplantation. Kirk and Hill-Brown 

found that the youngest subjects ages 2 to 5 years made the largest number of 

significant improvements. Results also showed the most improvement in speech 

production skills occurred for the total communication group as well as in the 

oral communication group over the 2 year period. 

Mother/ Child Interactions and Pragmatics 

Verbal/ social behavior commences at birth and is largely based on 

mother/ infant interactions. Snow (1977) observed that during development of 

conversation between mothers and infants, mothers use a special speaking 

style. Snow (1977) refers to this as "motherese". In infancy, mothers' 

communication to their child includes reacting and responding to the child's 

vegetative sounds. Mothers also encourage vocal turn-taking before the infant 

is able to comprehend their linguistic message. Other characteristics of 

motherese include short, simple sentences, talk about objects the child's 

interest, repetition of the child's preverbal and verbal utterances, repetition of 

her own utterances, elevation of her pitch, exaggeration of prosodic features and 
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using questions and commands (Snow, 1977). By 6 months, the mothers 

became more selective as to what they responded to and at 1 year the length of 

the mothers' utterances increased and turn taking became more complex. Snow 

also noted that the motherese became less simplified as the child's language 

development increased. As a result of the increase in the child's language 

comprehension, the mother's expectations of her child increased, and the 

overall communicative ability was more complex. 

A child's ability to use and understand language is directly related to the 

amount of language stimulation the child receives from his or her caregiver 

(Owens, 1988). From the mother/ child communication patterns emerge the 

child's early pragmatic functions involving social functions, purposes, or intents 

of communication (Halliday, 1975). Owens (1988) states that eye gaze is 

established with the mother by the first month and by three months the infant 

becomes a true interactional partner through eye gaze. Early torso/ limb 

communicative gestures include pointing to an object or event of interest, 

shaking the head or looking away from an object for rejection, reaching for a 

desired object to request it, holding an object tightly so a partner can view it, and 

holding an object in the open hand for the partner to take. Bates, Benigni, 

Bretherton, Camaioni and Volterra (1979) found that gestures and prelinguistic 

vocalizations are used by infants with communicative intentionality. Halliday 

(1975) identified several functions which pragmatics serve. These include 



18 

satisfying needs and wants, controlling the behaviors of others, interacting with 

others and expressing emotion or interest. 

Statement of Problem 

The purpose of the present study was to examine selected early 

communicative behaviors in a congenitally deaf child who received a cochlear 

implant at 24 months of age and was receiving auditory-verbal therapy. It was 

expected that the intense parent training, the focus on the integration of auditory 

information into meaningful contexts, and the heavy use of imitation in the 

therapy sessions would result in the communicative interactions that reflect the 

improved hearing status. The following hypotheses were investigated: 

(1) With use of the cochlear implant the number of communicative turns 

initiated by the child will increase. 

(2) With use of the cochlear implant the child's total turns will increase. 

(3) With use of the cochlear implant the length of a turn between the 

child and an adult will increase. 

(4) With use of the cochlear implant the number of actions or gestures 

will decrease while the number of vocalizations will increase. 

(5) At the end of the period studied, consonant and vowel inventories 

will expand as the child moves from few toward more elaborate, 

syllabic utterances. 



CHAPTER H 

METHODS 

Subject 

At the beginning of the study, the female subject was 1 year 9 months of 

age. Shortly after birth, she was diagnosed with a bilateral, profound 

sensorineural hearing loss secondary to cytomegalovirus infection. In addition 

to her deafness, she exhibited mild cerebral palsy in her lower extremities. 

Physical therapy was begun at 9 months and one month after therapy began she 

was able to hold up her head. She sat at 10 months and walked at 18 months. 

These ages are delayed for these motor milestones. Owens (1988) states that 

sitting typically occurs at 7 months and walking typically occurs at 12 months of 

age. 

Prior to receiving the cochlear implant, the subject communicated through 

gestures accompanied by silent oral motor movements; these behaviors were 

trained during her eight months of auditory-verbal therapy prior to receiving her 

implant. According to the mother, the child understood little if any of what was 

said to her. During weekdays, the subject was in a home day care from 

approximately 7:00 a.m. until 6:00 p.m. with three younger children and one 

sitter. The sitter was shown a few videotapes of therapy sessions to expose her 
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to modes of interaction with the child. The sitter talked to the child, but was not 

strict in encouraging her to vocalize for things she wanted. No individual time 

was spent with the subject using auditory-verbal techniques during day care 

hours; therefore, the only "one-on-one" time spent with her was with her mother 

or father in the evenings and on weekends. The mother stated that even then 

less than 30 minutes per day, during the week, was spent verbally interacting 

with her child. 

The audiological findings for the subject are as follows. At 7 months of 

age no consistent responses were obtained via auditory brainstem response 

(ABR). At 9 months, the child was tested with a hearing aid in the left ear in a 

soundfield, and she responded to pure tones only at 250 Hz at 70 dBHL and 500 

Hz at 90 dBHL. Her mother reported observing no differences in the amount of 

vocalization or auditory behaviors when first fitted with hearing aids. She further 

reported that it took 3 or 4 months before the subject would wear the hearing 

aids consistently. The subject was tested again at 9 months with a hearing aid 

in the right ear in a soundfield and the responses were similar to the left ear 

responses. The speech distraction level to live voice in a soundfield was 

obtained at 75 dBHL. 

When the subject was 1 year 5 months old, an FM system was coupled to 

the left hearing aid. Consistent responses to speech were present in a 

soundfield to pure tones at 500 Hz at 65 dBHL, 1000 Hz at 55 dBHL, 2000 Hz at 

70 dBHL and 3000 Hz at 90 dBHL and a speech distraction level to live voice in 
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a soundfield at 50 dBHL was obtained. The subject resisted wearing the device, 

never using it consistently. At 1 year 9 months of age, a Transonic frequency 

transposition hearing aid was fitted on the subject. This device shifts speech 

acoustic information above 2500 Hz via the settings on the internal controls to a 

lower frequency band where the child is assumed to have better hearing. The 

transposition causes high-low band masking, compression of the acoustic signal, 

and placement of high frequency sounds in a novel, lower frequency range. The 

transposition hearing aid was worn for approximately 6 weeks. Testing revealed 

that the device produced the following responses to pure tones through a 

soundfield: 250 Hz at 75 dBHL, 500 Hz at 80 dBHL and 1000 Hz at 65 dBHL. A 

speech distraction level to live voice in a soundfield at 65 dBHL was obtained. 

The parents reported that the child wanted to wear it consistently and also noted 

a marked increase in her listening behaviors and attending skills. 

Auditory-verbal training began when the subject was 1 year 4 months of 

age. The subject had worn binaural aids for 8 months prior to entering therapy. 

An FM system with hearing aids was used during the first and subsequent 

therapy sessions. With the FM system, the therapist noted improved visual 

tracking of the sound source, crying, and searching behaviors in response to 

sound; no vocal imitations were observed. There was inconsistent use of the 

FM system and the hearing aids during the ensuing period. The child often 

returned from the babysitter with the aids off or refused to let the parents put 

them on her in the morning before leaving her with the sitter. The FM system 
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was not always used in therapy due to the child's fussiness and preoccupation 

with dismantling the device. After 1 month of therapy, occasional oral motor 

imitation and a few brief vocal responses to speech probes were observed; the 

FM system was worn during most of this particular session. The few imitative 

utterances observed were in response to auditory and visual (lipreading) 

stimulation. 

After 2 months, she imitated /all/ as lal, blowing as raspberries, a growl as 

IAJ, and imitated vocalizations as she moved her limbs for performatives ("away", 

"hi, "ow", "bye-bye", "no-no"). After 4 months the therapy chart notes reported 

the following single syllable productions during the session, /mAI, IdAI, IbAJ and 

voiced and voiceless velar fricatives. Although there was no true babbling of 

these sounds, these did occur as occasional single syllable productions. Six 

months after therapy began, she began to wear the Transonic hearing aid during 

the therapy session; she had no immediate reactions to sound. A week later, 

videotaping for this study commenced and the subject demonstrated an increase 

in spontaneous vocalizations (e.g. la\JI, /1/, /A/, lal, IgAI) as well as delayed 

imitation of oral movements (without voice) for the following utterances modeled 

by the therapist: "no-no", "look", "right there", "no", "give me", "uh-oh", and 

"baby". For the next 6 therapy sessions, the Transonic hearing aid was worn 

although daily use at home was inconsistent because of the child's fascination 

with components of the aid. 
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At 24 months of age, after sampling session number 8, the subject 

received the Nucleus 22 channel cochlear implant. Seven weeks later, initial 

stimulation and programming began. Two and a half months following 

stimulation, audiometric testing was performed; prior to this test date the subject 

was seen for 9 programming sessions. Audiometric responses to pure tones in 

a soundfield were as follows: 250 HZ at 50 dBHL, 500 HZ at 45 dBHL, 750 HZ at 

60 dBHL, 1000 HZ at 70 dBHL, 3000 HZ at 70 dBHL, 4000 HZ at 75 dBHL and a 

speech distraction level was obtained by live voice in a soundfield at 40 dBHL. 

At that time, the subject's mother reported that the implanted child responded to 

a phone ringing, a knock on the door, and her name being called. She observed 

increased quantity of vocalizations, with new productions appearing and then 

disappearing. The audiologist planned to continue to see the subject for 

reprogramming sessions as the subject became more consistent in responding 

to the stimulation over time. 

Additional Assessment Procedures 

Baseline measurements were made to compare the child's developmental 

status before and after implantation. This battery consisted of: 

1. The DOCS (Developmental Observation Checklist System) (Hresko, 

Miguel, Sherbenou, & Burton, 1994) 

2. The MacArthur Communicative Development Inventories: Words and 

Gestures (Fenson, Dale, Reznik, Thai, Bates, Hartung, Petnick, & 

Reilly, 1993) 
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3. Uzairis and Hunt Developmental Assessment Battery (Uzgiris & Hunt, 

1975) 

The DOCS is based on parental report separating normally developing 

infants and children from those with developmental delays. It guides therapists 

in their choice of instructional practices, and can be used to assess educational 

progress. The DOCS is a three part assessment. Part one, a Developmental 

Checklist, assesses a child's development within the areas of motor, social, 

language and cognition. Part two, Parental Stress and Support Checklist, 

identifies family stress regarding the child and support used to help with the 

stressors. Part three, Adjustment Behavior Checklist, assesses evidence of the 

child's inability to adapt to his/ her environment. Each subscore is then 

combined into a composite developmental score. 

The MacArthur Communicative Development Inventory: Words and 

Gestures is also based on parental observation/ report. It samples a continuum 

of behaviors ranging from initial nonverbal gestures to the expansion of 

vocabulary and beginning of grammar. It evaluates the child's expressive and 

receptive vocabulary as well as communicative and symbolic gestures. This test 

screens for delayed language and can also be used to discover strengths and 

weaknesses across many aspects of communication. 

The Uzairis and Hunt Developmental Assessment Battery assesses 

characteristics generally observed during Piaget's (1952) sensorimotor period. 

The developmental phases assessed by this test include: (1) visual pursuit and 
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object permanence, (2) means for obtaining desired environmental events, (3) 

vocal and gestural imitation, (4) operational causality, (5) construction of object 

relations in space, and (6) development of schemes for relating to objects. Each 

of the developmental phases was observed by constructing situations to which 

the child must respond. Scoring was based on the child's responses. 

Baseline Assessment 

The baseline tests were administered prior to the initial hook-up of the 

cochlear implant. Results of all tests administered were considered in view of 

the context, the situational cues, and the body language (eye gaze, facial 

expression) employed by the parent during communicative acts. Additional 

issues considered when interpreting these results were (1) the tests were not 

normed on deaf children, and (2) cues may be given unconsciously which might 

enable the child to appear as though she understood the question or statement. 

On the DOCS, the postimplant test scores were lower than those taken for 

the baseline, yielding an overall developmental age of 1 year 10 months at both 

test intervals. Although the scores revealed a statis in performance over time, 

positive changes were noted. The mother reported that the subject asked for 

things at mealtime by simultaneously gesturing and vocalizing /ma/; understood 

some questions beginning with "where"; followed two directions in correct order 

such as "get your coat and come here" when accompanied by gestures; tried to 

vocalize to a nursery rhyme or to a simple song with an adult while using the 

corresponding gestures; placed an object in or on something when asked by 



26 

giving a visual cue; and frequently said "no" to an adult's request but would 

finally cooperate. These were all items not observed by the mother at the time 

of baseline testing. The mother reported that gestures were frequently used 

when they communicated with their child and could account for increase in 

language comprehension suggested by her report. 

Norms for the subject's age were not available for the MacArthur 

Communicative Development Inventory: Words and Gestures. Even so, this test 

was more appropriate than the more advanced test which tested words and 

phrases and was normed for her age group. The test score revealed 

performance below age level. At 2 years 1 month she was unable to respond 

when her name was called, unable to respond to "no-no", or to react to "there's 

mommy/ daddy". These are phrases the test describes as initial signs of verbal 

comprehension. According to parental report she understood only two phrases, 

"do you want more?" and "give me a kiss". She understood approximately 6 

words and produced 20 approximations of either spontaneous or imitated words; 

and her total number of situations in which she gestured was 56. Postimplant 

there was an increase both in production and comprehension. According to the 

mother, the subject demonstrated the initial signs of understanding. The subject 

understood 13 phrases such as, "be careful", "don't do that", "give me a hug/ 

kiss" and "let's go bye-bye". She understood approximately 44 words, usually 

accompanied by gestures and also produced 17 approximations of either 
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spontaneous or imitated words. Her total number of situations in which gestures 

were used increased to 61. 

The Uzairis and Hunt Developmental Assessment Battery was 

administered to assess the subject's cognitive development. The subject was 

tested on six scales. This assessment tests up through Piaget's (1945) 

sensorimotor period, which is normally completed by 2 years of age. This test 

was administered preimplant to determine if there was normal cognitive 

development. At the time of testing it was determined that the subject was 

functioning at the end of the sensorimotor period. This was determined by her 

ability to complete the scenarios set up for her. 

In summary, the child was substantially delayed in her communicative 

development at the onset of testing but nearly normal cognitively. Nine months 

later, there were qualitative and quantitative improvements, but she clearly was 

below communicative norms for her chronological age. 

Equipment 

The videotapes were made with a NEC VHS camcorder. Stop-frame 

audio and video analyses were performed with a Mitsubishi HS-U500 VCR and a 

Philips PA3520 C503 27" color monitor setup. 

Auditory-Verbal Therapy Procedures 

Although auditory-verbal therapy began 8 months prior to implantation, 

videotaping for the purpose of this study did not begin until 5 months into 

therapy when the child was 1 year 9 months of age. Auditory-verbal therapy was 
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provided by a licensed audiologist and holder of an additional masters degree in 

communication disorders; she was certified in auditory-verbal therapy by 

Auditory-Verbal International. The subject was seen in the therapist's private 

practice in Dallas, Texas. The therapy setting consisted of shelved therapy 

materials including toys and books, a round table with four chairs and a desk. 

For each session the subject sat to the right of the therapy materials so a slight 

turn of the head enabled her to see the toys used in therapy. The therapist was 

seated to the subject's left, with her back to the materials, yet was within arms 

reach of the materials by pivoting. The parent's seat was directly across from 

the therapist to the right of the child. The mother and father alternated attending 

the weekly sessions. The video camera provided a full frontal view of the 

subject's face and upper extremities and enough of the parent and therapist to 

be able to view all the interlocutors analyzed during the video analysis. 

Below is a list of procedures, goals, and activities seen in the auditory-

verbal therapy sessions conducted by the subject's therapist: 

1. It is child directed: the child selects the activity. 

2. The therapist monitors the child's behaviors "on-line" for the 

determination of subsequent subtask teaching: child behaviors 

analyzed by the therapist include the child's ongoing focus of 

attention, motor activities (oral, facial, limb, etc.) and vocal behaviors. 
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3. The therapist has early speech production goals for the child: 

prespeech activities such as phonation, blowing, imitation of lip, jaw, 

and tongue movements. 

4. The therapist has initial auditory goals for the child: vocal and verbal 

stimulation with strong prosodic features are used to draw the 

child's attention to acoustic input. An example of this is pushing a 

train across a table while simultaneously producing the vowel lul with a 

continuous up/ down inflection. 

5. The child is provided with opportunities to hear reduplicated babbling: 

For example, the therapist says "up up up" (JAJ IpAJ IpAl IpAJ) while 

lifting an airplane ceiling ward. 

6. The therapist has functional language goals for the child including: 

a. Symbolic vocal play: e.g., "moo" for the cow. 

b. Functional words: e.g., "uh-oh", "up", "down", "no". 

c. Verbalizations of communicative gestures: e.g., "more", "no 

more". 

7. The therapist has prelinguistic communication goals: for example 

the child is taught to use gestures, eye gaze, facial expression and 

actions communicatively. 

8. Parent training is incorporated into the session: 
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a. A turn taking format is used so the therapist can model a 

target behavior for the parent to learn. The parent then imitates 

the therapist and conducts the activity with the child. 

b. Via the turn taking/ modality format, the parent is established as 

an individual who can obtain desired responses from the child. 

9. Turn taking is used as a therapy format. 

a. Through turn taking the child is explicitly shown the target 

motor, vocal, and verbal expectations of each activity. 

b. The child is given multiple opportunities to observe the 

simultaneously occurring target behaviors including motor, 

vocal, and verbal. 

10. The therapist modifies the sensory stimulation delivered to the child 

to foster the use of the acoustic speech signal and enhance 

maximum integration of the auditory input with other sensory input. 

Session Recording-Analysis 

Although the subject was involved in auditory-verbal therapy for 8 months 

prior to receiving the cochlear implant, sampling of the subject's behaviors was 

initiated 3 months prior to implantation. During this 3 month period videotapes 

were made of each session and the baseline test battery was administered to 

the subject. Approximately 7 weeks postimplantation, the subject underwent 

initial hook-up and tuning of the prosthesis while simultaneously attending the 

weekly therapy sessions. During this time videotaping continued. At seven 
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months postimplant, the DOCS and the MacArthur Communicative Development 

Inventory: Words and Gestures were re-administered. 

Each therapy session was videotaped and an analysis of communication 

during therapy sessions was carried out using portions of Tait's (1993) video 

analysis scheme. A10 minute segment of videotape taken from near the center 

of the therapy session was chosen quasi-randomly for the video analysis. Each 

10 minute excerpt started at the onset of a "training sequence". The tape was 

transcribed to indicate all conversational turns, including child-therapist, 

therapist-child, child-parent, parent-child, therapist-adult, adult-therapist and 

undirected utterances. Turns and gazes were noted, and insofar as possible, all 

utterances were phonemically transcribed. All conversational turns were noted, 

and turns were ranked from least (gaze-motor), (combined verbal and gaze-

motor), to most (verbal only) abstract. Imitated verbal prompts were considered 

to have occurred when the child followed the adult speech with a verbalization 

within 3 to 4 seconds following the adult utterance. 

Communicative Turns Analysis-Description 

Communicative acts were classified as "verbal" (V) when speech alone 

was used, "motor-verbal" (MV) when speech and simultaneous gestures or 

motor movements were used, and "motor" (M) when gesture or motor movement 

alone was used. A turn was described as a communicative act by the initiator 

which was reciprocated by the receiver (interlocutor). Participants were the child 

(C), parent (P) and the therapist (T). Thus C-T-C referred to a child initiated, 
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therapist directed and child reciprocated series of two successive communicative 

turns, i.e., C-T and T-C. The communicative turns were extracted from 15 

videotapes, each from one of 15 sessions spanning a period from January to 

August of 1995. The child's utterances were phonemically transcribed as were 

any adult utterance(s) which elicited (immediately preceded) them. As a check 

on reliability of communicative interaction fidelity, a second person, RGD, 

transcribed a complete session and achieved better than 90% agreement with 

the author's results. These results compare favorably with Tait's (1993). A 

phonemic analysis revealed perfect 100% agreement. From this it is concluded 

that transcription was sufficiently reliable for the purposes of this study. 
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RESULTS 

Communicative Turns Analysis 

All communicative turns data were extracted including (1) the number of 

turns initiated in each session by each participant, (2) the total number of turns, 

(3) the length of each turn, and (4) the number of acts which were motor (M), 

motor-verbal (MV) or verbal (V) in nature as well as whom the interlocutor pairs 

were, e.g., CT, TC, PC, CP. The session means for each measure were ranked 

from highest scores (rank=1) to lowest (rank=15) and are shown in Table 1. 

Spearman Rho (p) corrections were used for analysis. Correlations are shown 

in Table 2. The numbers of communicative turns in an exchange are shown in 

Table 3. 

Results show that across the 15 training sessions (S), the number of 

child-involved communicative interchanges (CP, PC, TC, CT) did not 

significantly correlate with session number, p S-PC=. 15; p S-CP= -.10; p 

S-TC=.10; p S-CT=.16. The correlation of session number with total number of 

communicative turns (this included therapist-parent, [T-P] turns as well) was 

higher, P=A7, but did not achieve significance. However, the correlations of 

session number with number of MV initiated, p S-MV=57, p<;.05, and V-initiated 
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Data on Conversational Tnrns 
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2 14 2 9 7 14 12 15 10.5 15 4 
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4 12 14 11.5 3 1 4 7 2 4 8 
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Not^ Data are ranked from greatest number (rank=1) to least (rank =15). 
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Correlation Matrix (Spearman Rho) for Phonemic Measures in Table 1. 
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Number (s) .15 -.10 .10 .16 .44 .57* -.14 .47 

Rank of Parent 
to Child Turns (PC) .47 -.71* -.53* 

Rank of Child 
to Parent Turns (CP) -.23 

Rank of Therapist to 
Child Turns (TC) .54* .98* .40 

Rank of Child to 
Therapist Turns (CT) .82* .54* 

CO 
o
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Initiated Turns .29 -.05 .58* 

Rank of # of Motor 
Vocal Initiated Turns .23 .72* 

Rank of # of Motor 
Initiated Turns .15 

Rank of # of Total of 
Communicative Turns 
Rank of Session With 

Greatest # of Multiple Turns 
>2 

Note. *sig p s .05 
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Table 3 

Data on # and Complexity of Conversational Turns 
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turns, p S-V=.44, ns, were positive, substantial in size and significant for MV 

turns, whereas for the communicatively more primitive M turns, p S-M= -.14 the 

correlation was near zero. It appeared that the high quality of V and MV initiated 

turns with or by the child came to predominate as the number of training 

sessions increased. 

As expected, the correlation of CP-PC turns, p-Al, ns, and CT-TC, 

P-.SA, ££.05 show that when either adult initiated more turns the child did so 

reciprocally. The significant negative PC-TC correlation, p= -.71, p<;.05 

demonstrated that when either the parent or the therapist initiated more turns in 

a session, the other initiated many less with the child, that is, did not compete to 

communicate with the child and leading adult. The significant negative PC-CT 

correlation, p= -.53, {K.05, reinforces the above conclusion, showing that when 

the child communicates to the therapist (CT) the parent talks less to the child 

(PC) and vice versa. Lastly, the extremely high correlation of CT and TC with 

verbally initiated (V) utterance, p=.98 and .82, p^.05 respectively, demonstrates 

that verbally initiated turns by either therapist or child to one another begets 

many interchanges between the two interlocutors, T and C, and demonstrates 

rising verbal autonomy or reliance on verbal interchanges, by the child. 

The more abstract verbal (V) and motor-verbal (MV) initiations of turns did 

not correlate significantly with each other, but verbal turns were significantly 

positively correlated with total number of communicative turns (visual initiation 

was not), suggesting that as V initiated turns increased, so did the total number 
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of communicative interactions. Further, the significant p MV-number of multiple 

turns correlation showed that as MV turns increased, so did the number of larger 

(more turns) interactions. In addition, the CT and CP correlations with total 

communicative turns p were .53, E* .05 and -.23 respectively, ns, indicating that 

the child's autonomy (verbally initiating a communicative act) correlated well with 

total turns only for CT verbally initiated actions. A correlation between session 

number and total number of communicative turns was positive but non 

significant, p-.31; correlations between the session number and the total 

number of turns with one, two and more than two communicative interactions 

were all modest, p-.05, .32, and .45, all ns. Thus, the growing complexity of the 

communicative interchanges was weakly reflected in either the total number of 

interchanges or the length of the interchanges. 

In order to probe the effect of wearing a Transonic hearing aid versus a 

Nucleus 22 channel cochlear implant, the data in tables 1 and 2 were broken 

into two sets of sessions: sessions 1-6 (Transonic) and 8-13 (Nucleus 22 

channel cochlear implant). These data, see Table 4, suggest few systematic 

effects upon the conversational turn statistics as a result of changing from the 

Transonic hearing aid to the Nucleus 22 channel cochlear implant during the 

initial 3 months of stimulation with the cochlear implant. 

Because conversational turns in this analysis procedure include all 

nonverbal forms of communication, it is not unexpected that the quantity of turns 

did not change. The child had been in therapy for 8 months prior to receiving 
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the implant during which time all possible forms of nonverbal communication with 

the exception of formalized manual communication systems were specifically 

taught: at the time of the implant surgery the child had a large repertoire of 

nonverbal communicative behaviors including eye contact, visual tracking and 

imitation of communicative gestures. 

Table 4 

Communicative Turn Data for Transonic (Sessions 1-6) and for Nucleus 22 
Channel Cochlear Implant (Sessions 8-13) Hearing Aid Devices. 

Sessions 1-6 Sessions 8-13 
# of PC turns 50 46 
# of CP turns 46 62 
# of TC turns 47 43.5 
# of CT turns 50 37 

# of V (verbal) initiated turns 54.5 47.5 
# of MV (motor-verbal) initiated turns 51 40 
Total # of turns 1465 1654 
Proportion of Turns Devoted to Child 23.5% 21.4% 

Phonemic Analysis 

The phonemic analysis consisted of phonemic transcription of both the 

antecedent adult verbal comment (prompt) initiating the interchange and the 
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immediately subsequent child vocalization. The therapist often repeated them 

back to the child as additional verbal prompts designed to elicit even more 

vocalization. The data were tabulated by session and they are summarized in 

Table 5 while Table 6 shows the intercorrelations among the columns in Table 5. 

The raw data, by sessions, are shown in Tables 7-19 in the appendix. 

Data in Table 5 were graphed, and where appropriate, a linear regression 

line was fitted to the data. These graphs are displayed in Figures 1 through 11. 

In general, most phonemic measures at the segmental-syllabic level increased in 

number across sessions. Figure 1 shows the total child utterances per session 

from session 1 to 15. The positively increasing regression line fitted a significant 

portion of the variance in the data. The Adjusted Coefficient of Determination 

was, R^=. 44, F=11.9, p^.009, r=.691. The frequency of child utterance peaked 

at the 13th session before a fall and then a final rise. The number of different 

consonants, R^= 34, F=8.33, p<;.01, r=.62 and different vowels, R^= 570, 

F=19.53, {>^.001, r=.78 were well fitted with positively increasing regression lines 

as were the regression lines for the number of point vowels, R*=.506, F=15.36, 

p<;.002, r=.74, the number of uttered syllables, R^=.49, F=12.46, p^.005, r=.73, 

the number of different utterance shapes, R*=.373, E=9.33, J D < ; . 0 1 , r= 65 and 

the number of prompted child turns, RjJ=.434, F=11.0, e^.006, r=.70. The 

fluctuation of these measures across sessions was substantial but the overall 

upward trend is not to be doubted. The total number of child utterances rose 

from zero in session 5 (the child uttered no sounds during that session) to 53 in 
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Table 5 

Results of Phonemic Transcription of Child Utterances. Session 1-15. 
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1 5 1 2 0 5 2 0 0 0 0 0 

2 12 1 3 1 12 2 9 9 1 0 0 

3 9 0 2 0 9 1 6 0 0 0 1 

4 23 0 2 0 23 1 6 0 1 0 9 

5 0 0 0 0 0 0 0 0 0 0 0 

6 20 2 3 1 32 3 10 0 7 0 3 

7 1 1 1 0 1 1 1 0 0 0 0 

8 11 0 4 1 12 2 6 0 0 0 0 

9 12 2 4 1 15 4 5 0 0 0 1 

10 28 5 7 3 53 6 16 5 3 3 15 

11 44 4 8 4 65 9 33 5 1 3 34 

12 53 0 4 1 47 1 29 0 1 0 4 

13 40 2 8 4 40 4 40 0 2 0 13 

14 23 4 7 3 28 7 18 0 3 1 5 

15 33 4 6 2 51 7 10 0 0 2 6 

Note. Total Numbers for Each Phonemic Measure Listed by Session. 
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Table 6 

Correlation Matrix (Spearman Rho) for Phonemic Measures in Table 5. 
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Total # of Utterances 
.46 .81 .77 .95 .56 .91 .26 .59 .52 .79 

Total # of Consonants 
.71 .76 .57 .91 .51 .40 .47 .79 .63 

Total # of Vowels 
.97 .86 .87 .85 .40 .50 .66 .72 

Total # of Point Vowels 
.89 .87 .41 .58 .68 .70 

Total # of Syllables 
.74 .90 .22 .54 .62 .80 

Total # of Utterance 
Shapes .63 .35 .40 .78 .67 

Total # of Prompted 
Utterances .30 .72 .50 .62 

Total # of Prompts 
Matched .34 .47 .25 

Total # of Reduplicated 
Utterances .32 .60 

Total # of Variegated 
Utterances .67 

Total # of Vowels in 
Prompts Matched 

Note, any P * .53 sig @ p s .05 
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session 12, consonants from zero in session 5 to 5 in session 10. The total 

number of point vowels increased from zero in session 1 to 4 in session 13. The 

total number of syllables rose from zero in session 5 to 65 in session 11. The 

total number of different utterance shapes used on single utterances (the 

utterance syllable string structure) rose from zero in session 5 to 7 in session 15. 

The number of verbally prompted child utterances rose from zero in session 1 to 

a peak of 40 in session 13. In fact, all 40 utterances spoken by the child in that 

session were prompted. 

Figure 13 shows that the child first uttered canonical, reduplicated 

syllable strings (babble) in sessions 2 ,10 ,11 whereas variegated strings 

(babble) appeared later in sessions 10,11,14, and 15. Instances of exactly 

reduplicated, prompted child utterances occurred in three sessions: 2,10, and 

11 involving imitation of simple syllable shapes. Furthermore, in the last few 

sessions utterances such as Iba.ba.bafo/a.ba.bal, Table 17 and in session 13, 

the prompt /bai.bai/-+lmai.rmi/ and Im.bail, Table 19 are close approximations 

of the prompts. Last, vowels embedded in adult prompts were correctly imitated 

with peak occurrences at sessions 4 (9 vowels), 10 (15 vowels), and 11 (34 

vowels), 13 (13 vowels) and 15 (6 vowels). 

The correlations amongst phonemic measures in Table 6 reveal that 

majority, 37/54= 69%, of phonemic measure intercorrelations were significant. If 

two measures are removed from the matrix, (1) the number of prompts matched 

(this correlates significantly with nothing else) and (2) the number of 
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reduplicated syllables (correlates significantly with only 3 of 7 measures), the 

percentage of significant intercorrelations climbs to 32/39= 83%. That is, most 

phonemic measures rose sharply, in synchrony, across sessions 8-15. If there 

had been 20-25 sampling sessions, enough to generate optimum correlations, 

one might have seen nearly every intercorrelation achieving significance. 

Clearly, there appears to be a strong correspondence between a rising level of 

total verbal utterances and segmental and imitative mastery. Total consonants 

and vowels correlated with all segmental measures except (1) matched prompts, 

(2) reduplicated syllables for vowels, and (3) total prompted utterance for 

consonants. Point vowels failed to correlate significantly only with prompted 

utterance matches. Total number of syllables correlated significantly with 

prompted matches and reduplicated syllables, a situation repeated for utterance 

shape. Total prompted utterance correlated significantly with total reduplicated 

syllables and imitated prompted vowels. Total variegated syllables and imitated, 

prompted vowels correlated significantly with the number of imitated prompted 

vowels. One can summarize these results by saying that the strongest, most 

extensive correlation's were among segmental, syllabic and number of prompted 

utterance measures, correlation's reaching as high as .97. 



CHAPTER IV 

DISCUSSION 

Tait (1993) and Tait and Lutman (1994) demonstrated that children with 

cochlear implants displayed strong growth in their first year postimplant in the 

area of vocal autonomy, that is, MV and V turn taking. These the last two 

behaviors were measured for the subject in the present study and there was 

growth of both types of turns, achieving significance for MV turns and near 

significance for V turns when correlated with session number; and a significant 

positive correlation of increased V turns with crucial CT-TC turns. Tait and 

Lutman (1994) observed swiftest growth of these behaviors in the first 6 months 

postimplant, but in the present study, the subject was observed 6 weeks 

preimplant with the Transonic (sessions 1-6) and for 3 months (sessions 8-15) 

postimplant. Behaviors were compared under these two prosthetic device 

regimens, and the data showed no systematic, preferential growth of 

performance number of turns under either form of hearing technology. The 

number of turns was high as a result of therapy procedures used which focused 

on the imitation of: eye gaze, motor behaviors, gesture, facial expression and 

oral movements. 

45 
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As in Tait's study (1993), the child in this study vocalized more 

(MV, V turns) across sessions, that is, more vocalized communicative turns were 

produced. This is seconded by the nonsignificant correlations between the 

number of CT, TC, PC, or CP communicative turns and session number. The 

total number of conversational turns per session amongst parent, therapist and 

child grew only modestly, /?=. 47, ns, so the increased number of the child's 

vocally initiated turns must be attributed to the increasing auditory/ vocal 

competence with communication rather than to an overall rise in the number of 

communicative acts. 

The fact that we cannot use the number of vocally initiated turns to 

distinguish between the results of the Transonic hearing aid and the Nucleus 22 

channel cochlear implant regimens (see Table 4) suggests that the increase in 

MV and V turns across sessions is best attributed to the effectiveness of 

auditory-verbal training in encouraging vocal initiation of communication, and not 

to the specific device used. If it is claimed that the prosthesis should have 

afforded the child a great improvement in the usefulness of auditory feedback, 

how can one account for the failure to observe a strong difference between 

earlier and later sampling sessions, particularly since the child's growth and 

development proceeded steadily and should have encouraged communicative 

growth? It would appear that the sheer novelty and steadily changing nature of 

the prosthesis feedback (by the way, the prosthesis was always worn, in 

contradistinction to the hearing aids) may have prevented full and ready use of 
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this new auditory source to enter into more intense verbal communication. 

There is much evidence to show a strong impact of the prosthesis upon the 

quality of phonemic output. This suggests a dissociation between the two areas 

of communication, phonemics and turn-taking, that undoubtedly will resolve later 

in this child's development. It was gratifying to observe such small but 

reasonable outcomes such as the fact that when one adult predominated in 

vocal turns aimed at the child, so did the child's turns toward that adult, while the 

other adult stayed out of the way, communicatively speaking, for that session. In 

addition, the number of verbally initiated child turns correlated very strongly and 

significantly with the number of turns, CT-TC, directed to/from the therapist, 

implying that in the therapy room, the parent is a secondary teaching participant, 

important but secondary to the therapist. As it turned out, the length of each 

episode of reciprocal adult-child turns did not correlate significantly with session 

number, neither for sessions with one, two, or more than two successive turns. 

Perhaps the child's attention span, the activities used in the session or some 

aspect of how therapy was conducted could explain this. 

Phonemic Acts 

The results of the phonemic analysis were promising because they 

revealed the full impact of the prosthesis in terms of marked, significant changes 

in almost every phonemic measure attempted. Inspection of Figures 1-11 

reveals the following: there is a large increase in the number of child utterances 

after session 9, after non-directional variation in sessions 1-8. For consonants, 
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there was a leap in number to a peak of 5 types in session 10, which, after 

reversal, ended at 4 in session 15. While there was a slight growth in the 

number of vowels in session 8, there was a doubling of vowel phonemes by 

session 11. Similarly, Figure 4, the number of point vowels had quadrupled by 

session 11. The number of syllables spoken, Figure 5, had tripled, and the 

number of different utterance shapes had quadrupled by session 11. Perhaps 

the most phonemically compelling piece of data was the near four-fold increase 

in the number of vocally prompted utterances produced by the child, a much 

sought-for goal in the auditory-verbal teaching method. The downturn on 

sessions 12-15 are somewhat artifactual in nature since session 15 ended as a 

parent-therapist soliloquy which ignored the child's desire to communicate for 

much of the session. For session 12, there was a downturn marked by 

considerable, hostile toy-banging, angry gestures, etc. from the child which 

disrupted all verbal communication. 

To continue, there was a renewed burst of reduplicated syllables on 

sessions 10 and 11 after a 7 session silence for reduplicated syllables, and an 

initial, more developmentally advanced, burst of variegated syllables on 

sessions 10, 11 and 15. As mentioned before, there was a slight increase in the 

total number of communicative turns across sessions with a slight trend for most 

growth after the implant, see Table 1. It should be remarked that despite the fact 

that most growth in phonemic measures occurred after session 8, and despite 

session 12 and 15 downturns, every regression line fitted to the data, Figures 
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1A-7A, had coefficients of determination significantly different than zero. Thus, 

between 10-33% of variance was accounted for by the regression line, 

suggesting that the implant was the main developmental source for this effect. 

Perhaps if we had sampled 15 weeks of implant training, we may have observed 

50 or 60% of temporal variance accounted for compelling, evidence of the 

facilitation of phonemic performance provided by the implant. 

The impact of the prosthesis is vividly illustrated by the swift increase in 

the number and complexity of phonemic types and activities elicited by 

implantation. In just six weeks the child quintupled her number of vocalizations 

(see Figure 1), more than tripled the number of utterances elicited by adult 

vocalizations, and quadrupled the number of different utterance shapes. All of 

these concurrent changes occurring in just a few weeks suggests several things. 

The child had probably begun preliminary articulatory organization while wearing 

the Transonic aid and undergoing auditory-verbal therapy, both of which broke 

ground for the prosthesis, enabling the explosive spurt in phonemic output. One 

must remember that auditory-verbal therapy had begun 5 months prior to the 

fitting of the Transonic hearing aid. Therefore, the cognitive and sensory 

groundwork had been laid, so that when she was fitted with the Transonic 

hearing aid, this child had a framework within which to add whatever acoustic 

cues were provided to her phonemic framework. She displayed motor 

movements in her jaw, lips, and tongue, she had gestural imitation, and the 

communicative routines of therapy had been set. The auditory stimulation then 
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gave her the final element- sound images to incorporate vocalizations into her 

already large repertoire of communicative functions. This suggests an additional 

function for the FDA recommended use of hearing aids prior to implantation: 

they provide some auditory stimulation during training prior to the implant, during 

the time period in which the child is ineligible for the implant (i.e., prior to the age 

of 2 years), during the cochlear implant evaluation period, and during the post 

surgical period of healing. Wearing the hearing aid is thus more than just a 

check on whether the hearing aids could substitute for the much more expensive 

and dangerous implant, but a significant training aid. There is a good possibility 

that the reduced and the much more schematized or simplified acoustic cue set 

of the prosthesis was a potent organizer of prior as well as on-line sensory 

experience, rapidly reorganizing the more bandwidth restricted but more 

informationally rich Transonic aid feedback already learned, providing the clear 

articulatory-auditory link that the child needed for vocalization. The reduced but 

"key" cue-set of the cochlear prosthesis is clearly efficacious for auditory and 

auditory-motor organization leading to language. 

The potency of the auditory feedback provided by the cochlear prosthesis 

was reflected in the swift expansion of the child's phonemic space (Oiler, 1986). 

Within two weeks, consonants climbed from one to five phonemes, different 

vowels from four central to eight or more vowel phonemes, and even more 

important from one to four point type vowels/ diphthongs. The process (Oiler, 

1986), usually is spread out over 3 to 6 months in the normal hearing child. In 
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this study, the well tutored 24 month old child did it in several weeks. This 

bound in segmental output was accompanied by an explosive growth in syllable 

utterances, Figure 5, and in the complexity of utterance shapes. Simple vowel 

or consonant-vowel utterances were joined by the appearance of multisyllabic 

strings of more varied syllabic construction. Perhaps not coincidentally, there 

were brief bursts of canonical (reduplicated) syllable strings in session 10 and 

14, and for the first time variegated babble appeared during sessions 10, 11, 14, 

and 15. This telescopes the process that takes several months to flower and 

synchrony in the 8 to 11 month old infant. Sign of implant potency was the 

appearance of exactly imitated adult vowels in sessions 10,11, and 13. In fact, 

on session 13, see Table 19, the child imitated the utterance "bye-bye" with the 

utterance of Imai.mail and Im.bail. These data demonstrate that the 

prosthesis-prompted organization of complex vocalization appeared in both the 

segmental and syllabic domains. This supports Waterson's (1971) suggestion 

that infant/ child perception is syllabically organized, as is production, and if 

anything, segments are subordinate to syllables. 

The rapid growth of mastery evident in this child's articulatory 

development implies that the child's sensori-motor and articulatory system is 

very plastic; it was not set to a learning resistant mode. Much of the perceptual 

organization needed for more elaborate vocalization must have been organized 

by her involvement in highly structured auditory-verbal therapy. In addition, she 

must have capitalized on the hidden resource of the innate motor organization 
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expressed by babbling. Obviously, early placement of the prosthesis and 

hearing aid pre-training in auditory-verbal instruction act together as a powerful, 

synergic force, propelling the child to feats of speech only very, very laboriously 

attained by much later-implanted deaf children, especially those not given 

auditory-verbal instruction. 

In conclusion, these data show that there is subtle but real reorganization 

of communicative turns, both in quality and number which is attributable to the 

auditory-verbal therapy given the child as well as feedback afforded by both 

types of aids worn by the child. The dramatic breakthrough comes several 

weeks after the implant is turned on and when the voltage levels are increased 

resulting in improved hearing thresholds, enhanced auditory input, and auditory 

feedback for the child. It was at this point that the child demonstrated a surge of 

new consonants, vowels, point vowels, prompted utterance, imitated vowels and 

utterances, polysyllabic utterances, and ever more complex utterance shapes. 

Clearly the auditory-verbal training in addition to the Transonic aid ploughed 

perceptuo-motor ground which the implant triggered into an explosive growth of 

the kinds of utterances which are precursors to first words. All of this occurred in 

less than 3 months. 

Conclusion 

The results of the study exemplify the articulatory benefits of a cochlear 

implant in a child whose auditory-verbal therapy program was well underway. 

Both the therapy and early use of hearing aids potentiated the robust 
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accomplishments which accompanied the cochlear implant. With such rapid 

initial benefits, one can only imagine what the long term gains for this child might 

be. Expanding the scope of this study to other children, future research should 

document the effectiveness of auditory-verbal training in children with cochlear 

implants, over a greater number of years, as well as investigate language 

learning in implanted children with other handicaps. These data are testimony to 

the fact that auditory-verbal training is not only very effective for initial 

speech development, but that it must be tapping into the developmental process 

in a very useful way if the phonemic results are replicable. 
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Figure 1 a. Regression Line Fitted to Data in Figure 1. 
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Figure 2. Total # of Different Consonants Spoken by Child in Each Session. 
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Figure 2a. Regression Line Fitted to Data in Figure 2. 
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Figure 3. Total # of Different Vowels Spoken by Child in Each Session. 
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Figure 3a. Regression Line Fitted to Data in Figure 3. 
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Figure 4. Total # of Point Vowels Spoken by Child in Each Session. 
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Figure 4a. Regression Line Fitted to Data in Figure 4. 
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Figure 5. Total # of Syllables Spoken by Child in Each Session. 
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Figure 5a. Regression Line Fitted to Data in Figure 5. 
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6. Total # of Different Utterance Shapes Spoken by Child in Each Session. 
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Figure 6a. Regression Line Fitted to Data in Figure 6. 
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Figure 7. Total # of Child's Utterances Preceeded by an Adult Verbal Prompt in 
Each Session. 
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Figure 7a. Regression Line Fitted to Data in Figure 7. 
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Figure 8. Total # of Adult Prompts Exactly Matched by Child in Each Session. 
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Figure 9. Total # of Reduplicated Syllables Strings Spoken by Child in 
Each Session. 
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66 

Table 7 

Results of Phonemic Analysis for Session #1.1-18-95. 

Prompt Response # Utterances- 5 
- 8(3) # Different Vowels- 2 
- gA (2) # Different Consonants-1 

# Prompted Utterances- 0 
# Prompts Matched- 0 
# Reduplicated Responses- 0 
# Variegated Responses- 0 
# Syllable Types- 2 
# Different Point Vowels- 0 

[ s, A, g ] 
[V .CV] 

Note. Transonic Hearing Aid Worn. 

Table 8 

Results of Phonemic Analysis for Session #2. 1-26-95. 

Prompt Response # Utterances-12 
- 6 (2),« # Different Vowels- 3 

wu wu (4), wu (5) # Different Consonants- 0 
# Prompted Utterances- 2 
# Prompts Matched- 2/2 
# Reduplicated Responses-1 
# Variegated Responses- 0 
# Syllable Types- 2 
# Different Point Vowels- 0 

[ s , u, a, w ] 
[V, CV] 

Note. Transonic Hearing Aid Worn. 
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Table 9 

Results of Phonemic Analysis for Session #3. 2-2-95. 

Prompts Responses # Utterances- 9 
- fl (2), 8 # Different Vowels- 2 
u a (2) # Different Consonants- 0 
wu a # Prompted Utterances- 6 
mu a # Prompts Matched- 0 
a.a a # Reduplicated Responses- 0 
A.oU e # Variegated Responses- 0 

# Syllable Types-1 
# Differnet Point Vowels- 0 

[ e . « ] 
[ V ] 

Note. Transonic Hearing Aid Worn. 

Table 10 

Results of Phonemic Analysis for Session # 4. 2-16-95. 

Prompt Response # Utterances- 23 
- s (8), a (3), « (4) # Different Vowels- 2 

a * (6), 8 (2) # Different Consonants- 0 
Ap a (2) # Prompted Utterances-11 
cfess 8 # Prompts Matched- 6 

a 8 # Reduplicated Responses-1 
# Variegated Responses- 0 
# Syllable Types-1 
# Different Point Vowels- 0 

[ s . « ] 
[ V ] 

Note. Transonic Hearing Aid Worn. 
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Table 11 

Results of Phonemic Analysis for Session #5. 3-2-95. 

Prompt Response # Utterances- 0 
- - # Different Vowels-0 

# Different Consonants-0 
# Prompted Utterances-0 
# Prompts Matched-0 
# Reduplicated Responses-0 
# Variegated Responses-0 
# Syllable Types-0 
# Different Point Vowels-0 

Note. Transonic Hearing Aid Worn. 

Table 12 

Results of Phonemic Analysis for Session #6. 3-9-95. 

Prompt Response # Utterances- 20 
- A (2), a, e (3), m (3), wA, wu # Different Vowels- 4 
ha a # Different Consonants- 2 
hu hu # Prompted Utterances-10 
mor m«(5)[x6],m(3) # Prompts Matched- 0 
he.loU £.£. # Reduplicated Responses- 7 

# Variegated Responses- 0 
# Syllable Types- 4 
# Different Point Vowels-1 

[ A, e , a, u, w, h ] 
[V, C, CV, V.V ] 

Note. Transonic Hearing Aid Worn. 
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Table 13 

Results of Phonemic Analysis for Session #7. 5-3-95. 

Prompt Response # Utterances-1 
u mam # Different Vowels-1 

# Different Consonants-1 
# Prompted Utterances-1 
# Prompts Matched- 0 
# Reduplicated Responses- 0 
# Variegated Responses- 0 
# Syllable Types-1 
# Different Point Vowels- 0 

[a, m] 
[CVC] 

Note. FM System was worn. 

Table 14 

Results of Phonemic Analysis for Session #8. 6-15-95. 

Prompt Response # Utterances-11 
- ae (4), E # Different Vowels-4 
u a, u # Different Consonants- 0 
I ae # Prompted Utterances- 6 

o as # Prompts Matched-1 
mu ae # Reduplicated Responses-1 
r o l ae.ae # Variegated Responses- 0 

# Syllable Types- 2 
# Different Point Vowels-1 

[ « , ae, 8, u ] 
[V, V.V] 

Note. Cochlear Implant Worn. 
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Table 15 

Results of Phonemic Analysis for Session #9. 6-29-95. 

Prompt Response # Utterances-12 
- ae(5), a (2), m: (5), I] # Different Vowels- 4 
gA m: # Different Consonants- 2 
rAf aem # Prompted Utterances- 6 
dflUn as # Prompts Matched- 0 
nait i.A.A. # Reduplicated Responses- 2 
hAh ae.as # Variegated Responses- 0 
nait a # Syllable Types- 5 

# Different Point Vowels-1 

[a, as, A, I, m, f) ] 
[V, VC, V.V.V, V.V] 

Note. Cochlear Implant Worn. 

Table 16 

Results of Phonemic Analysis for Session #10. 7-6-95. 

Prompt Response # Utterances- 28 
- e (2), i , e i , a, Am, i.mu # Different Vowels- 7 
- hi (5). hi (3). hA. s.ms + e.ms # Different Consonants- 5 
ma (4) ma (5) # Prompted Utterances-16 
on noU, e, pAn # Prompts Matched-1 
Ap Am. u.ma.ma.me.. sm. mi # Reduplicated Responses- 3 

A.mA.mA.mA. # Variegated Responses- 3 
mor 8(2) # Syllable Types- 6 
i.o 8 (2), bA, as # Different Point Vowels- 3 
A.bi.bi a. a 

[ A, a, s, ae,i, oU, e i , h, m, n, p, b ] 
[ V, CV, VC, CVC, VCV, V.V ] 

Note. Cochlear Implant Worn. 



Table 17 
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Results of Phonemic Analysis for Session #11. 7-20-95. 

Prompt Response # Utterances- 44 
- A, u (2),ae, a.u, al.a # Different Vowels- 8 

m ae: (5), A # Different Consonants- 5 
u a (2) # Prompted Utterances- 33 
a a (2) # Prompts Matched- 3 
b a b a # Reduplicated Responses-1 
mor m: # Variegated Responses- 3 
taet u:, ae # Syllable Types- 9 
mom ae: # Different Point Vowels- 4 
ras 3B:(2) 
dflUn * (2), a [ a, as, A, el, i, u, «I, oU, b, p, m, j, h ] 
wAnt u: [ C, V, cv, v.v, v.cv, cv.cv,v.cv.cv 
«Ut a. CV.CV.CV, V.CV.CV ] 
oU.bA oU 
bal.hal «: (2) 
ba.be bo. mi.m0.ma 
oU.va- oU, bA 
bal.bfll maI.ba 
bfl.ba.ba a. j f l l ja l , j f l l , a.ba.ba 

PA a.heI,A (3) 

Ap ma (4) [x2 ] 
mor aa.ae 
wAt 35.U, a I .fl l. 

Note. Cochlear Implant Worn. 
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Table 18 

Results of Phonemic Analysis for Session #12. 7-27-95. 

Prompt Response # Utterances- 53 
- ae (7), s (3), ae.oU # Different Vowels- 4 

mu 8(4) # Different Consonants- 0 
bo a # Prompted Utterances- 29 

ttt ae # Prompts Matched- 0 
by u # Reduplicated Responses-1 
aUt ae # Variegated Responses- 0 
mor ae, 8 # Syllable Types-1 

m A (4), ae # Different Point Vowels-1 
pis 8 

dded 8 ( 4 ) 

bak 8 [ as, s , a, u , oU, A ] 
0aenk 8(6) [ V ] 
hors 8 ( 3 ) 

kwaak 8(5) 

Note. Cochlear Implant Worn. 
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Table 19 

Results of Phonemic Analysis for Session #13. 8-10-95. 

Prompt Response # Utterances- 40 
«U u.as # Different Vowels- 8 
si a (2) # Different Consonants- 2 
mu m:, ae, mA.mA # Prompted Utterances- 40 
goU as, a, I # Prompts Matched- 0 
b«i 8 , oil # Reduplicated Responses- 2 
ho p u(2) # Variegated Responses- 0 
mor A # Syllable Types- 4 
(fees u # Different Point Vowels- 4 
wsr m:, a 
ror ae(3) 
nAm mA (6), m [ se, a, A, e , u, oU, «I, I , m, b ] 
f£mp mA(5) [ C, V, CV, CV.CV ] 
hors £ 

bal.bel. mal.mal, m.bal 

fl.wsl a( 4) 

Note. Cochlear Implant Worn. 



Table 20 

Results of Phonemic Analysis for Session #14. 8-17-95. 
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Frompt Response # Utterances- 23 
- m, ma.mo, dg(6), dg(5), ae(3),«, # Different Vowels- 7 

A.dA.dA., d i . d i . d i # Different Consonants- 4 

SSI ae # Prompted Utterances- 8 
Luk ae # Prompts Matched- 0 
wot ae # Reduplicated Responses- 2 
pUJ .Was.jA # Variegated Responses-2 

mor A.dA.dA # Syllable Types- 7 
i n A # Different Point Vowels- 3 

(fees E 
A.oU m:, ae 
kAmif) + in ae 

mi.all m.da, ae [ as, a, s , A , i, oU, I, m, d, w, j ] 
ol l .kal I [ C, V, v.v, v.cv, v.cv.cv, 
all.pen oU (3), a CV.CV, CV.CV.CV] 
oU.vs- e.oU 

Note. Cochlear Implant Worn. 

Table 21 

Prompt Response # Utterances- 33 
- ^ (11), Am, An.das(4), # Different Vowels- 6 

dae.dit, m a . m a (2) # Different Consonants- 4 
- dA.dA, ae.dae # Prompted Utterances-10 

daUn a # Prompts Matched- 0 
yaey ae, aep, 8 # Reduplicated Responses- 0 
mor ma. ma. a # Variegated Responses- 2 
wAn sn # Syllable Types- 7 
wAnt + mor An.dae # Different Point Vowels- 2 
wAnt +yaey An.dae (3) 
rait + ter a.du.du. [ ae, a , s , A, u, I, m, n, d, p ] 
wltf + wAn ma.ma [ C, CV, V.C,CV.CV, 

V.CV.CV..CV.CV.V 1 
Note. Cochlear Implant Worn. 
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