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ABSTRACT 

Research evidence indicates that hearing aids and auditory 

trainers worn by school children routinely malfunction. Ensuring 

properly functioning ampl ification is a preferred educational practice 

and is required by PL 94-142 regulations. Research was needed to 

determine if schools were complying with the regulations and recom

mended educational procedures. 

This study described and evaluated procedures used by 

educational agencies to monitor and maintain ampl ification units worn 

by hearing-impaired students. Two examiner-developed survey instruments 

were mailed to residential and publ ic day school teachers and adminis

trators to collect data and answer 11 research questions pertaining to: 

1. monitoring and maintenance procedures, 

2. relationships between demographic, personnel, and placement 

characteristics and preferred monitoring and maintenance 

practices, and 

3. monitoring and maintenance practices compared with a model of 

preferred practice. 

Personnel were surveyed in one residential school for the deaf 

in each state and a stratified random sample of 200 publ ic day schools. 

A total of 310 (63%) surveys were returned from 164 (65.6%) administra

tors and 146 (58.4%) teachers. 
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Results indicated that the majority of programs had some system 

of monitoring and maintaining ampl ification units, but only 54.1% (73) 

performed daily checks of hearing aids and 58.3% (67) performed daily 

checks of aud i tor'y t ra i ners. Teachers in 76.9% of the sample reported 

that electroacoustic analysis was available as one part of audiologic 

evaluation, but not usually scheduled on a routine basis. Teachers 

were responsible for monitoring activities in over 75% of programs, 

regardless of the educational model: self-contained, resource, or 

itinerant. 

Significant positive relationships were found between (1) 

program size and one preferred monitoring and maintenance variable, (2) 

full-time audiologist and three preferred variables, (3) residential 

school placement and four preferred variables, (4) inservice training 

and three preferred variables, (5) full-time audiologist and program 

size and (6) full-time audiologist and residential school placement. 

These and additional findings suggest that while some 

improvement in monitoring and maintenance practices has occurred since 

the implementation of PL 94-142, full compl iance by employing preferred 

professional practices has not been achieved. Recommendations are made 

for improving personnel preparation, monitoring and maintenance 

practices, and research. 



CHAPTER I 

INTRODUCTION 

Statement of the Problem 

The most significant development affecting the habilitation of 

hearing handicapped children appears to have been the electronic 

hearing aid (Northern and Downs, 1984; Ross, 1982). Exploitation of 

residual hearing is fundamental to enhancement of verbal skills among 

hearing-impaired children. Effective use of residual hearing has been 

facil itated by improvements in the miniaturization, increased power, 

and electroacoustic flexibil ity of hearing aids and auditory trainers. 

Because of the critical role of audition in language and academic 

development, the proper use of hearing aids and auditory trainers has 

become a major educational concern of professionals who provide 

services to children with hearing impairments (Ross, 1981). 

Considerable public and private resources are expended in 

selecting, fitting, and purchasing amplification units for children, 

based on the assumption that the equipment will be worn and will be 

functional in both educational and home environments. Yet the research 

literature indicates that ampl ification units worn by school-aged 

children routinely malfunction (Bess, Sinclair, and Riggs, 1984; 

Coleman, 1972; Gaeth and Lounsbury, 1966; Robinson and Sterling, 1980; 

Zink, 1972). 



Hearing aids and auditory trainers that are broken, operating 

inadequately or not worn do little to facilitate use of residual 

hearing. The inconsistent auditory environment, created by frequent 

hearing aid malfunctions, is deleterious to normal speech and language 

development. For the vast majority of hearing-impaired students who 

could use audition as a significant input modal ity, malfunctioning 

2 

ampl ificarion is likely to result in reduced time to actively engage in 

academic tasks (engaged time) that rely on oral instruction. "Engaged 

time" has been found to be a major contributor to the variance in 

achievement among school children (Berl iner, 1984). Without properly 

functioning ampl ification units, engaged time may be severely reduced 

for hearing-impaired pupils. 

Hearing-impaired youngsters who habitually use malfunctioning 

amplifiers are unlikely to value amplification in later life. The high 

rate of malfunction may be a major reason for the poor acceptance of 

ampl ification in older deaf students (Coleman, 1975; Northern et al., 

1972) . In extreme cases improperly worn ampl ification units with 

excessive maximum output levels can cause deterioriation of residual 

hearing (Hawkins, 1982; Humes, 1981; Rintelman and Bess, 1977). 

Furthermore, findings of inadequate use of ampl ification may mil itate 

against publ ic funding of ampl ification units for school children. 

Federal regulations and national guidel ines have been developed 

that address the need to amel iorate the poor conditions of classroom 

ampl ification units (Federal Register, 1977; Ross and Calvert, 1977). 

Also, several models for troubleshooting ampl ification units have been 



establ ished (Bendet, 1980; Hanners and Sitton, 1974; Roeser et al., 

1977). 

3 

Research on the effects of such model systems has demonstrated 

that they result in dramatic improvement in hearing aid functioning 

(Bendet, 1980; Kemker et al., 1979; Potts and Greenwood, 1983). Yet no 

evidence exists to demonstrate that most educational agencies have 

implemented procedures to ensure optimal use of ampl ification. In 

fact, Coleman (1975) observed that some teachers and parents react 

ambivalently upon learning that children's hearing aids have high mal

function rates. 

If hearing-impaired students are to receive an appropriate 

education, they must use optimally fit and adequately functioning 

ampl ification. Procedures known to substantially improve the integrity 

of classroom ampl ification could be appl ied with minimal expense in most 

classrooms. Nationwide monitoring and maintenance practices have not 

been reported but need to be described to demonstrate that they are 

adequate in ensuring legal compl iance and educational benefit. 

Purpose of the Study 

The purpose of this study was to describe and evaluate proce

dures used by education agencies to monitor and maintain ampl ification 

units worn by hearing-impaired students. Responses to a national 

survey of teachers and administrators were analyzed for the purpose of 

describing practices and comparing them with an investigator designed 

model based on practices that are recommended in the 1 iterature or 

mandated by law (see Appendix A). 



Research Questions 

The study addressed the following research questions: 

1. In a sample of school districts and residential schools 

serving the hearing impaired in the United States, what 

proportion have formal systems for: 

a. monitoring hearing aids? 

b. monitoring auditory trainers? 

c. maintaining hearing aids? 

d. maintaining auditory trainers? 

2. What are the components of systems for monitoring: 

a. hearing aids? 

b. auditory trainers? 

3. What are the components of systems for maintaining: 

a. hearing aids? 

b. auditory trainers? 

4. What student placement characteristics (itinerant or self-

contained, residential or day school, and communication 

methodology) are associated with programs that do and do not 

have preferred monitoring and maintenance practices. l 

4 

l. Preferred monitoring practices include: electroacoustic 
analysis; daily visual and 1 istening checks. Preferred maintenance 
practices include: loaner ampl ification equipment; equipment replace
ment parts; systems for obtaining new earmolds; audiologic consultation. 
Preferred indirect monitoring and maintenance practices include: 
teacher inservice; parent instruction; student instruction. 
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5. What personnel (e.g., audiologists, technicians) are associated 

with school programs that do and do not have preferred monitor-

. d' . ?l Ing an maintenance practices 

6. What demographic characteristics (e.g., district size, state, 

federal region) are associated with programs that do and do 

not have preferred monitoring and maintenance practices?l 

7. What combination of characteristics (personnel and placement) 

are associated with preferred monitoring and maintenance 

. ?l practices 

8. What type of instruction on ampl ification unit monitoring and 

maintenance has been provided to teachers, students, and 

parents? 

9. How do teachers rate the instruction on ampl ification unit 

monitoring and maintenance provided to them, their students, 

and the students· parents? 

10. How do monitoring systems in school districts and residential 

schools compare with a proposed model of preferred practice? 

11. How do maintenance systems in school districts and residential 

schools compare with a proposed model of preferred practice? 

Significance of the Study 

The study will help determine whether or not school programs 

across the nation are in compl iance with PL 94-142, specifically that 

section of the regulations which requires that lIeach publ ic aqency 

shall ensure that hearing aids worn by deaf and hard-of-hearing children 

in schools are functioning properlyll (Federal Register, 1977, 121a.303). 



Existing practices will also be compared to a model of preferred prac

tice for monitoring and maintaining children's ampl ification units. 

This model incorporates guidel ines that have been proposed by the 
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Joint Commission on Audiology and Education of the Deaf, The Council on 

Education of the Deaf, and recommendations found in the research I itera

ture. 

Knowing the characteristics of ampl ification monitoring and 

maintenance systems will assist educators in evaluating the adequacy of 

current national efforts to provide hearing-impaired students the 

opportunity to use their residual hearing to its fullest extent. If 

current practice can be described and evaluated relative to preferred 

practice, then any need, impetus, and direction for change could be 

provided. 

Conversely, a study of national trends in monitoring and main

taining ampl ification units may reveal that present efforts do repre

sent best practice and that educational agencies have responded to the 

research, regulations, and guidel ines relative to ensuring well func

tioning ampl ification. Ideally, the study will reveal the strengths 

and current I imitations of school monitoring and maintenance systems 

and will contribute to a formative evaluation of one aspect of special 

education services in a sample of America's educational agencies. 

Such information is critical in planning preservice and in

service education for professionals who serve the auditorily handi

capped and their famil ies. Thus, the findings of this study should 

have an impact on university level training programs and local 



educational agencies because both have a role in professional prepara

tion and the provision of appropriate services. 

Assumptions 

7 

Certain assumptions were made by the investigator for proposi

tions that could not be verified and are discussed below. The programs 

to be surveyed represent only those that responded to the annual survey 

questionnaire conducted by the American Annals of the Deaf (1985). 

This 1 ist represents pne of the best data bases available on programs 

and services for the deaf, and it is assumed to be representative of 

the population of programs that serve hearing-impaired children. 

Given that the survey questionnaire and directions to respon

dents in this study have been written in a manner that assures anonymity 

and avoids response bias, it is assumed that responses will accurately 

reflect the status of maintenance and monitoring systems. Because no 

similar investigations were located, it was not possible to use com

parative methods to evaluate the survey instrument for content val idity. 

However, efforts to obtain face val idity were made prior to dissemina

tion of the survey for data gathering purposes (see Chapter 3). 

Also, it must be assumed that the special education administra

tor and teacher survey respondents had functional knowledge of the 

requirements of PL 94-142, especially those regulations obl iging schools 

to ensure proper functioning of stude~ts' ampl ification. Because this 

is a publ ished requirement and related practices are subject to state 

and federal monitoring, the survey should not be construed as address

ing confidential information. 



The author assumes that most hearing-impaired students served 

in self-contained, resource, or itinerant programs have sufficient 

hearing loss and/or sufficient residual hearing to benefit from some 

type of ampl ification. Also, it is assumed that students placed in 

programs for the hearing impaired have received those cl inical and 

social services that enable them to wear appropriate ampl ification. 

Furthermore, it is assumed that when children's hearing losses warrant 

ampl ification, a primary goal for them will be the exploitation of 

residual hearing and that this will be the case regardless of the 

communication methodology, age, or educational placement of the stu

dent. When these assumptions cannot be made, 1 ittle need would exist 

to operate monitoring and maintenance systems. 

Limitations 
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The study focused on monitoring and maintenance procedures in 

programs serving hearing-impaired students. For this reason, practices 

used to troubleshoot ampl ification units of hearing-impaired students 

who were fully mainstreamed or placed in other special education pro

grams could not be comparably represented. The status of these 

students' hearing aids and auditory trainers also should be a major 

concern in planning their educational program. However, it is more 

1 ikely that professionals outside of the program for the hearing 

impaired (e.g., regular or special education teachers) may assume this 

responsibil ity. Because many of these students are not labeled hearing 

impaired for the purposes of educational programming, it would have 

been very difficult to generate a 1 ist of the schools, teachers, and 



administrators responsible for service del ivery. No such 1 ist of 

students, classes or .programs could be located. 
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The survey also did not directly sol icit input from parents as 

to their level of involvement in monitoring and maintaining hearing 

aids. The investigator appreciates the critical role that parents 

assume in all aspects of their children's education and acknowledges the 

importance of informed parental involvement in maintaining properly 

functioning hearing aids (Ross, 1976). The survey does indirectly 

address this concern by questioning respondents about: (1) parent 

involvement in the maintenance process, and (2) school sponsored parent 

workshops/instruction on monitoring and maintenance. The full extent 

to which parents may be involved in this process is a separate but 

related concern that warrants further investigation. 

A further 1 imitation of the study is the inevitable trade-off 

that is made in developing a survey that is long enough to be compre

hensive and rel iable, but short enough to be acceptable to respondents. 

Achieving this balance imposes certain limitations on the scope of 

information that can be obtained. 



CHAPTER 2 

REVIEW OF THE LITERATURE 

Among hearing-impaired individuals, children are the most likely 

to need and the least likely to receive adequate ampl ification (Chial, 

1977). They are the most likely to need amplification because they are 

in the midst of critical, sensitive periods of physiological and lin

guistic development that require maximum sensory input (Lenneberg, 1967; 

Ross, 1982). Ross (1982, p. 6) has noted that if th~ auditory system is 

deprived of "some critical quantity of meaningful, patterned sound at 

some early period after birth, the system will demonstrate certain 

morphological and physiological abnormalities that will forever limit 

its performance below what it might have been. 11 Development of speech 

and language in humans appears to be most efficiently and effectively 

facil itated through audition. 

Furthermore, the vast majority of hearing-impaired children have 

significant residual hearing (Elliott, 1967; Hine, 1973). Ross (1982) 

estimated that the prevalence of hard-of-hearing children who could use 

audition as the primary input modality for learning is 16 to 30 times 

greater than the prevalence of deaf children who must rely on vision as 

a primary input modal ity. Yet the 1 iterature has repeatedly revealed 

that many children who could benefit from ampl ification do not own a 

hearing aid (Zink and Barz, 1979) or fail to util ize the hearing aids 

that they own (Karchmer and Kirwin, 1977). 

10 
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A very discouragi~g scenario was presented by Ross (1977a) in a 

chapter in Julia Davis' seminal publ ication, Our Forgotten Children: 

Hard of Hearing Pupils in the Schools. Of 100 children who are poten

tial candidates for ampl ification, Ross maintained that 10-20% will not 

own hearing aids and another 10-20% will not wear the amplification 

units they own. Of the approximately 70% who may come to a classroom 

wearing hearing aids, only 35% can be expected to have instruments that 

are operational and providing adequate gain with acceptable distortion 

levels. Additionally, half of these children are 1 ikely to be using 

units with inappropriate electroacoustical characteristics for their 

hearing loss and many children will not be util izing binaural amplifi

cation. Looking at the research optimistically, Ross noted that only 

20 out of the 100 original children will have optimal personal 

ampl ification units. 

Most of these children will be placed in classrooms having 

ambient noise and reverberation characteristics almost guaranteed to 

prevent adequate reception of about 30% of the teacher's speech (Ross, 

1972). The group ampl ification provided by the school to mitigate the 

deleterious classroom acoustical environment, in most cases, will 

operate no better than the student's personal units (Bess et al., 

1984) . 

This distressing picture is exacerbated by the possible impli

cations of recent research indicating that engaged time, the time 

pupils are actually engaged in intended educational activities, is a 

major significant variable associated with their academic success 

(Berl iner, 1984). The implications for inadequately ampl ified 
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hearing-impaired students who are placed in self-contained or main

streamed programs has not been reported in the research literature. 

However, it is reasonable to hypothesize that their academic engaged 

time will be severely curtailed if their ampl ification is non-existent 

or non-functional. For hearing-impaired students who compete in 

auditorily demanding educational environments, our failure to ensure 

adequate ampl ification may result in their frustration or failure in 

school. 

The relationship between ampl ification usage and academic 

achievement remains on a theoretical level. However, indirect support 

for this assocIation has been reported. Robinson and Sterl ing (1980) 

reported higher rates of hearing aid malfunctions among hearing

impaired students who had failed at least one grade in school as com

pared to those who had not failed a grade. Pflaster (1980, 1981) 

performed a factor analysis of variables related to reading achievement 

of 182 hearing-impaired students enrolled in regular schools. She 

found that Ilauditory behavior ll or Ilauditory attitude,1I which related to 

the childls Ilfunctional use of residual hearing,1I was a relevant factor 

in academic success and emerged as being more important than unaided 

hearing levels of the children. 

Matkin (1984) recently summarized the 111 itany of persisting 

problemsll that continue to mil itate against childrenls optimal use of 

ampl ification. He reaffirmed the earl ier observations of Ross (1977b) 

that many children who could benefit from ampl ification have no personal 

hearing aids. He also noted that despite more that a decade of research 

on the poor condition of childrenls hearing aids, high malfunction rates 
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continue to be documented in the research literature. And finally, he 

reported that most educational agencies serving hearing-impaired stu

dents have failed to implement parent orientation or school programs 

for hearing aid monitoring and maintenance. 

Condition of Hearing Aids 

Gaeth and Lounsbury (1966) first described the poor condition 

of children's hearing aids in a study completed almost two decades ago. 

Information on hearing aid usage of 134 Detroit area students was ob

tained by means of parental interviews, physical inspections, aided and 

unaided audiometric assessments and electroacoustic evaluations of 

hearing aids. 

The major finding of this study was that only 55% of the stu

dents' hearing aids were adequate, even when liberal criteria for 

adequacy were appl ied. Hearing aids were considered adequate that were 

brought but not worn to the cl inic, worn with non-functioning batteries, 

and those worn at a maximum volume setting. Inadequate aids were found 

to have feedback problems, defective controls, cracked receivers, dis

torted or noisy amplifiers and other miscellaneous defects. Applying 

more stringent standards that required the child to wear the aid to the 

clinic, with a good battery and less than maximum volume setting 

resulted in only 31% of students' hearing aids being judged as accept

able. 

The investigators also examined the adequacy of hearing aid 

gain. Using a gain criterion of 40dB improvement re: unaided thresh

holds or within 20dB of "normal," they found that only 48% of the 
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students' hearing aids were acceptable. Only 16% of aids met the com

bined requirements for appropriate gain and mech~nical integrity. 

In an effort to replicate and extend the investigation of Gaeth 

and Lounsbury, Robinson and Sterling (1980) studied the condition of 

hearing aids of children in the age range and geographical region of 

the earl ier study. Only 16 of the children were in classrooms for the 

hearing impaired. The remaining 82 children were placed in regular 

education. 

Aids were analyzed electroacoustically using Phonic Ear instru

mentation and were judged to be acceptable if they met the manufactur

er's specifications with regard to American National Standard Institute 

(ANSI) (1976) criteria. Forty percent of the aids were considered to be 

malfunctioning with respect to electroacoustic performance. The most 

common malfunctions were insufficient gain or no output (18%), narrowed 

frequency response (9%), and internal acoustic feedback (9%). 

The study did not report the physical conditions of the hearing 

aids with respect to earmold fit, battery voltage, broken switches or 

other problems commonly detected through visual and listening checks. 

Therefore, the 40% malfunction rate reported probably underestimated the 

number of children who were using less than optimally functioning 

amplification units. 

Zink's (1972) two year study of the electroacoustic character

istics of hearing aids worn by children revealed that large numbers of 

aids were minimally functioning. Bruel and Kjaer electroacoustic 

instruments were used to analyze frequency response, gain/saturation, 

distortion and gain control taper for students' hearing aids. Groupings 
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according to recently repaired aids, currently used aids, new aids, and 

donated aids were made for separate analyses. 

Analyses on 103 aids during year one and 92 aids during year two 

of the study yielded malfunction rates of 60% and 45%, respectively. 

Excessive distortion accounted for the greatest percentage of electro

acoustic malfunctions during both years of the study (83% in year one 

and 59% in year two). Deviation in frequency response waS the next 

most common malfunction. 

Even after aids were repaired, 35% failed to meet criteria for 

the four performance areas. Analysis of new hearing aids obtained from 

local dealers indicated 27% to be unacceptable. Ninety-two percent of 

the donated secondhand hearing aids failed to meet even the most 

lenient criteria. 

Although a large variation in malfunction rates was found, even 

the best finding of 27% in new aids would not be considered ideal. If 

hearing aid selection is made on the basis of manufacturer's specifica

tions rather than current electroacoustic output, less than optimal 

fittings may be made in 27% of cl ients. Typical use conditions would 

result in approximately double the number of unacceptable electro

acoustic characteristics. Had the researcher also performed a visual 

and physical inspection of the hearing aids worn by the children, 

malfunction rates probably would have increased due to such factors as 

low battery voltage and poor earmold fit. Zink's (1972) findings are 

summarized in Table 2.1. 
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Table 2. I. Hearing aids failing electroacoustic analysis 

Percent Unacceptable 
Year I Year 2 

Classification of Hearing Aids (N:::105) (N=92) 

New NA 27% 

Reconditioned NA 35% 

In Use 60% 45% 

Donated (Used) NA 92% 

NA not assessed in year one of the study 

Annual surveys of hearing aids worn by 3-12 year old children 

attending the Call ier Center at the University of Texas at Dallas have 

reported malfunction rates ranging from 30% to 40% (Roeser et al., 

1977). Major types of malfunctions were: low or dead batteries (30%), 

reduced output (15%), high levels of amplifier noise (17%), defective 

switches (11%), distortion (10%), and broken cords (9%). 

Riedner (1978) studied the condition of hearing aids and ear-

molds of children in the Baltimore County Publ ic Schools. Visual and 

listening checks of the children's hearing aids were performed and aids 

were rejected that (I) produced no output, (2) produced minimal or no 

ampl ification, (3) produced a distorted signal or one that was accom-

panied by static, (4) produced an intermittent signal, (5) had inopera-

tive control wheels or switches, (6) had earmolds that caused feedback, 

(7) had earmolds that irritated the outer ear, and (8) had damaged 



earmold tubing. Using these rejection criteria, the investigator 

determined that 60% of the aids were unacceptable. 
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Riedner's criteria may underestimate the number of children 

entering a classroom with malfunctioning amplification units because he 

did not reject aids that had weak or dead batteries. He performed 

physical inspections after replacing the battery. His study did not 

report percentages for each type of malfunction noted. 

A further analysis was made of the group that had inadequate 

amplification units and the group that had adequate amplification units 

with respect to the time that had elapsed since their most recent 

audiologic cl inic visit. Of the group that had adequate amplification 

units, 86% (37) had received cl inical audiology services within 12 

months of the study and 14% (6) had not received cl inical audiology 

services in 12 or more months. Of the group that had inadequate 

ampl ification units, 41% (27) had received clinical audiology services 

within 12 months of the study and 59% (39) had not received cl inical 

audiology services in 12 or more months. Riedner did not conduct a 

statistical analysis of the relationship between the two variables, 

adequacy of ampl ification units and elapsed time since cl inical 

services. Subsequent analysis by this investigator has revealed that 

a significant relationship existed (X 2 = 21.88, p <.001) such that 

students with adequate ampl ification units were more likely to have 

received cl inical audiology services within one year and those with 

inadequate ampl ification units were more likely not to have received 

cl inical audiology services within a year of the hearing aid checks. 
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Although this relationship supports the practice of at least 

yearly clinical audiological services for hearing-impaired students, it 

also suggests that yearly clinical services are not enough to ensure 

adequately functioning amplification units. In fact, 41% of the stu

dents with inadequate amplification units had been seen for clinical 

services within one year of the study. Riedner suggested that routine 

home and school monitoring of hearing aids was needed to reduce further 

hearing aid malfunctions. 

Hearing aids of children in residential schools for the hearing 

impaired have high malfunction rates that are similar to those reported 

in public school settings (Northern et aI., 1972; Porter, 1973; Ross, 

1977b). Northern and his associates (1972) studied hearing aid mal

functions of 174 personal aids worn by students in a residential school. 

Visual and listening inspections revealed that only 38% of the aids 

were in satisfactory working order. Deficiencies most commonly noted 

were poorly fitting earmolds (42%), broken or faulty receivers (36%), 

broken switches, broken on-off controls, and faulty battery contacts 

(27%), broken or worn cords (20%), circuit noise and distortion (20%), 

and dead batteries (16%). 

Porter (1973) reported on the physical and electroacoustic 

integrity of hearing aids worn by children enrolled in a residential 

school for the deaf. Initially, 113 six to eleven year old students 

were participants in the study. However, preliminary inspection 

revealed that 31 students in the target group (27%) were not using 

personal ampl ification units although hearing aids had been recommended 

for most of them. Of the remaining 82 students whose hearing aids 
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could be evaluated, only 40 (49%) were using hearing aids without major 

physical defects. This represents 35% of the original sample. Seventy

seven percent (77%) of the malfunctions in the students' hearing aids 

could have been detected easily and remedied if a monitoring and main

tenance system had been in place. 

Typical physical malfunctions included dead batteries and 

improperly fitting earmo1ds that caused feedback. Twelve of the 42 

hearing aids that failed the physical checks also failed the e1ectro

acoustic assessments. In addition, ten hearing aids that passed the 

physical checks failed to pass the e1ectroacoustic analysis that was 

performed. Altogether, only 30 (27%) of the original 113 students were 

found to be wearing hearing aids that met criteria for physical and 

e1ectroacoustic performance. 

The findings of studies on the condition of children's hearing 

aids have revealed, without exception, unacceptably high malfunction 

rates. In spite of the fact that troubleshooting methods and malfunc

tion criteria were not standard across studies, a common finding 

emerged. In programs where no systematic monitoring and maintenance 

effort was extant, students' hearing aids malfunctioned at rates 

averaging approximately 50%. High malfunction rates were as common in 

residential schools for the deaf as they were in public school programs. 

While the nature of malfunctions was somewhat variable across studies, 

a sizeable proportion were problems that could have been detected and 

quickly remedied had a daily monitoring and maintenance system been in 

place. 



20 

Condition of Auditory Training Units 

Even children who manage to own and use optimally functioning 

personal hearing aids will not be able to fully real ize their auditory 

potential in the publ ic school classroom. High noise levels and pro

longed reverberation times typical of publ ic school classes create 

signal-to-noise ratios that significantly deteriorate speech intell i

gibil ity for all 1 isteners. However, the deterioration in discrimina

tion scores as a result of noise and reverberation is greater for the 

hearing-impaired individual (Finitzo-Hieber, 1981). 

A variety of assistive 1 istening devices has been developed to 

address the 1 imitations of relying on hearing aids in noisy and 

reverberant environments. Auditory trainers are ampl ification units 

that are intended to create a better 1 istening environment for the 

student by increasing the signal-to-noise ratio, minimizing the effects 

of room reverberation and control 1 ing speaker-to-microphone distance, 

all of which should result in enhanced discrimination of speech. It 

has been assumed that auditory training units were more durable than 

the smaller personal hearing aids (Bess et al., 1984). Little evidence 

exists to support this assumption. 

In fact, relatively few investigations of the characteristics 

and performance of auditory training units have been reported. Research 

in this area has been hampered by a lack of standards to govern the 

electroacoustic analysis of auditory training components (Bess and 

Logan, 1984). The American National Standards Institute is currently 

attempting to develop standards for the measurement of auditory training 

units. A number of researchers have proposed procedures and have 



proceeded with investigating auditory trainer performance character

istics, in spite of a lack of recognized procedures and standards 

(Bess et al., 1984; Resnick and Schwartz, 1981). 
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Freeman, Sinclair, and Riggs (1980) investigated the electro

acoustic performance of FM auditory trainers used by school children. 

Unl ike other studies, theirs did not evaluate performance of auditory 

training units with reference to manufacturer's specifications or 

suitabil ity of indivldual units for students using them. Instead, the 

study focused on the differences between the electroacoustic perfor

mance of units in the FM (frequency modulated microphone) and the EM 

(environmental microphone) modes and the appropriateness of using 

hearing aid assessment procedures to assess auditory trainer perfor

mance characteristics. 

In the first study, auditory trainers manufactured by four 

companies were analyzed to determine acoustic output for saturation 

sound pressure level, gain, total harmonic distortion, and overall 

noise level (re: ANSI, 1976 standards). Notable performance differ

ences were observed for trainers measured in the two different modes. 

One manufacturer's units demonstrated 5 to 10 dB increased output when 

using the FM mode. Acoustic gain tended to be higher in the EM mode. 

The range of differences in EM and FM gain among the six instruments 

with greater EM gain was 4 dB. The average difference was 2.8 dB for 

the eight units. 

Differences in harmonic distortion in FM and EM modes were not 

significant for any of the eight instruments. Overall internal noise 

levels produced by the student receivers were greater in the FM mode 



for all units. The greater FM internal noise outputs ranged from 1 to 

29 dB with an average of 7.9 dB. 
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The second study assessed the effects of volume control rotation 

on the gain, harmonic distortion, and internal noise levels of the units 

in the FM and EM modes. Average gain as a function of the rotation of 

the volume wheel was linear for four of the trainers and non-l inear for 

the remaining four in FM and EM modes. Increases in harmonic distortion 

and internal noise levels coincided with increases in the volume setting 

for FM and EM modes. 

The finding of performance differences between FM and EM modes 

has impl ications for monitoring and maintenance of classroom ampl ifica

tion units. Over two-thirds of American classrooms for hearing-impaired 

students use auditory trainers for some portion of the school day 

(Sinclair and Freeman, 1981). Fitting of auditory trainers for students 

using FM auditory trajning units must consider that electroacoustic 

performance characteristics using the FM mode cannot be predicted from 

performance characteristics obtained using the EM mode. Selection and 

internal adjustments of trainers may need to be based on performance 

in the mode used most often by the child because, in many auditory 

training units, electroacoustic parameters cannot be adjusted separately 

for FM and EM settings. Also, investigators need to determine appropri

ate electroacoustic settings for each mode, based on input levels of 

the FM and EM signals. 

The latter study also underscored the importance of considering 

the effects of volume control settings. Linearity should not be 

assumed. That is, equal increases in the volume wheel (e.g., from 1 to 
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3 and from 5 to 7) will not necessarily result in similar increases in 

gain. A final impl ication of this study relates to the increases in 

distortion and internal noise that coincided with increases in the 

volume setting. Caution should be exercised when children require high 

volume settings. 

A recent investigation by Bess et al. (1984) examin~d the physi

cal and electroacoustical integrity of FM auditory training units used 

by 89 students and 28 teachers in a publ ic day school program. Binaural 

FM wireless auditory training units, ranging in age from a few months to 

six years, had been maintained under a contract with a private company. 

Periodic visual and 1 istening inspections of the units were performed by 

educational audiologists who were also responsible for minor maintenance. 

Visual and 1 istening inspection of units followed a 27 item 

inspection checkl ist for physical defects. The check 1 ist focused on 

functioning of batteries, cords, antennae, controls, receivers and 

cases. Equipment was analyzed electroacoustically using a Phonic Ear 

Hearing Aid Test Box (HC 2000) and associated equipment. Procedures 

followed the ANSI (1976) procedures for measuring hearing aids with 

modifications for text box placement of the FM microphone. 

Measurements were taken in "as-worn" and "full-on" positions of 

the volume wheel. Measures of maximum output, gain, total harmonic 

distortion, and internal noise output were assessed for all units in 

the FM mode and for every sixth unit in the EM mode. Comparisons were 

made of the electroacoustic output of units and the audiogram of the 

individual student who used the unit to determine if a relationship 



existed between full-on and as-worn gain and the average hearing loss 

of the child. 
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Results of the physical inspection of the FM units revealed that 

53% of the student receivers and 50% of the teacher microphone/ 

transmitters failed at least one category of the physical status check

list. The majority of receiver defects were problems that could be 

easily remedied. For example, 53% of the units had broken, frayed, or 

missing antennae. Sixty-two percent (62%) had missing, defective, or 

non-standard button receivers and 9% had battery failures. Teacher 

units also had a high proportion of easily remediable defects. Eighty

six percent (86%) had broken antennae; 21% had battery failure; and 

only one unit had defects in the case or controls. 

Results of the electroacoustic assessments revealed a wide 

variabil ity in the saturation output and gain of units in the FM mode. 

Noteworthy was the finding that the median full-on maximum output levels 

(SSPL 90) of student units in the FM mode was 133.6 dB. Average SSPL 90 

for the 14 units assessed in the EM mode was a similarly high 132 dB. 

Without comparing the output of each unit to individual audiometric 

profiles of students using the respective receivers, this information is 

difficult to interpret. However, in 1 ight of the recommendations of 

Rintelman and Bess (1977) and Matkin (1985), an average SSPL 90 of 133.6 

is excessive. Rintelman and Bess' review of the I iterature on amplifi

cation and hearing loss led them to recommend maximum power outputs of 

130 dB only for those individuals with severe and profound losses. A 

maximum level of 120 dB was recommended for children with mild and 
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moderate hearing losses. More recently, Matkin (1985) has recommended 

the following more conservative maximum output levels for preschool 

children: 110 dB for mild losses, 115 dB for moderate losses, and 

120 dB for severe and profound losses. 

Freeman et al. (1980) further reported variability in full-on 

gain from 30 to 70 dB with an average of 54 dB in the FM mode. The 

average full-on gain in the EM mode was 57.5 dB with a range of 53 to 

63 dB. Statistical analysis was performed to determine if a relation

ship existed between students' audiometric pure tone average and the 

full-on and as-worn gain settings of their respective receivers. No 

significant correlation was revealed. This impl ies that students with 

mild and moderate hearing losses were just as likely to be util izing 

the highest gain settings as were students with severe and profound 

losses. This study also confirmed the earl ier findings of Freeman 

et al. (1980) that output of units in the EM mode does not necessarily 

predict their output in the FM mode. 

The investigators did note generally low distortion levels in 

both the FM and the EM modes. Furthermore, the problems of inadequate 

earmolds and battery outputs, frequently observed in studies of hearing 

aid performance, were not prominent in this study. 

The limited data available on characteristics of auditory 

training units used in schools suggest that they suffer from high 

malfunction rates similar to those noted for personal hearing aids. 

Fewer of these units experienced battery inadequacies which might be 

expected because batteries are generally rechargeable and charging can 

be supervised or performed by the classroom teacher. However, this 
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advantage may be offset by the presence of cords, button receivers, 

mini-loops, or direct input attachments that are used with the auditory 

training units and provide additional components that can malfunction. 

Requirements and Guidel ines 
for Monitoring and Maintenance 

By the time the regulations for Publ ic Law 94-142 were written, 

considerable evidence existed to attest to the poor condition of chil-

dren's hearing aids. The language of the regulations was clear in 

requiring that "each publ ic agency shall ensure that hearing aids worn 

by deaf and hard-of-hearing children in school are functioning properly" 

(Federal Register, 1977, 121a.303). 

Prior to publ ication of the PL 94-142 regulations, a set of 

Guidel ines on Audiology Programs in Educational Settings for Hearing-

Impaired Children made reference to hearing aid monitoring and main-

tenance. These guidel ines were developed by the Joint Committee on 

Audiology and Education of the Deaf and were approved by the Executive 

Board of the American Speech and Hearing Association (ASHA) and the 

Conference of Executives of American Schools for the Deaf (CEASD). The 

guidel ines specifically charged audiologists to conduct inservice 

workshops for teachers and other staff members on such topics as 

checking hearing aids daily and troubleshooting of hearing aids and 

classroom equipment (Ross and Calvert, 1977). Audiologists were also 

urged to conduct or provide for periodic electroacoustic evaluations 

of auditory training units at least once per school year. 

Until 1985, National Standards for Certification of Teachers 

of the Hearing Impaired (Council on Education of the Deaf--CED) 
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did not have specific requirements for competency in ampl ification unit 

monitoring and maintenance. The final draft of the new CEO Certifica

tion Standards for Professionals Involved in the Education of Hearing

Impaired Children and Youth (American Annals of the Deaf, 1984) 

addresses teacher competency in using ampl ification. Although monitor

ing and maintenance procedures are not specifically mentioned in the 

draft, knowledge of ampl ificatio~ and the use and care of equipment is 

specified. Section 5.2.3(b) of the Requirements for Provisional 

Certification of Academic Teachers specifies, "Practical preparation 

in the use and care of hearing aids and ampl ification systems, including 

the appl ication of this information to the educational setting. Parent

Infant Education Special ists must have competency in management of 

ampl ification for the infant" (American Annals of the Deaf, 1984, 

Pl'. 64, 67). 

National Monitoring and Maintenance Efforts 

The extent to which guidel ines and regulations have had an 

impact on teacher training or educational practice is difficult to 

assess. Detailed current information about national practices in 

monitoring and maintaining children's ampl ification units could not be 

located. One national study on personnel, facil ities, and services 

available in schools and classes for the hearing impaired in the United 

States (Rawl ings and Trybus, 1978) reported that only 29% of programs 

surveyed performed daily hearing aid checks. Nineteen percent of the 

programs (19%) surveyed had no formal or informal procedures for 

assessing students' hearing aid performance. 
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A national survey of educational audiologists conducted by 

Wilson-Vlotman and Blair (1984) obtained information on how educational 

audiologists perceived themselves, how they felt about what they did, 

and the way in which their jobs were organized and administered. Among 

their findings were data to indicate that the major responsibility for 

hearing aid monitoring is perceived as belonging to teachers of the 

hearing impaired (58%); the regular classroom teacher was second (14%); 

and the educational audiologist was third (10%). 

Competency in Use, Monitoring, and Maintenance of 
Amplification among Hearing-Impaired Students, 

Their Parents, and Their Teachers 

The assumption that hearing-impaired students learn adequate 

monitoring and maintenance of their personal amplification is not sup-

ported by the research 1 iterature. A recent study by Flexer, Wray, and 

Black (1986) indicated that their sample of moderately hearing-impaired 

college students with previous mainstreaming experiences had inadequate 

information on amplification and amplification troubleshooting. For 

example, they noted that students who brought their aids to the clinic 

for repair often had basic malfunctions such as dead batteries and wax 

occlusion in the sound bore of the earmold. 

Parents, who are often expected to assume responsibil ity for 

hearing aid monitoring and maintenance may not be adequately prepared 

for this role. Blair, Wright, and Pollard (1981) reported that parents 

have very 1 imited information on their children's hearing loss and 

hearing aids, in spite of having participated in many years of audio-

logical evaluation and information feedback. Similar findings have 
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been reported by Sweetow and Barrager (1980) who surveyed 154 parents 

of hearing-impaired students on their perceptions of the quality of 

their children's audiological care. Results of their survey revealed 

that only 52% of respondents received sufficient information from the 

audiologist on hearing aid troubleshooting. Of those who did not, 63% 

ultimately received the information from the child's teacher. The 

expanding role of the classroom teacher of the hearing impaired was 

further highl ighted by their finding that parent orientation on hearing 

aid use was performed more often by the teacher (40%) than by the 

audiologist (20%). 

The research 1 iterature is somewhat mixed on the extent to which 

regular educators and teachers of the hearing impaired have training 

about auditory management of hearing-impaired students. Davis et al. 

(1981) surveyed publ ic school personnel in the State of Iowa and found 

that only one-third of the regular classroom teachers had experience 

with children's hearing aids and fewer than half of those reported 

feel ing comfortable with their knowledge about ampl ification. By con

trast, all teachers of the hearing impaired stated that they had 

experience with children's hearing aids and felt confident deal ing with 

amplification. The latter finding differs from the findings of Jones 

(1982), which were reported by Wilson-Vlotman and Blair (1984). The 

unpubl ished master's thesis by Jones investigated the role perception 

of various professionals who worked with hearing-impaired students in 

publ ic schools. She found that regular classroom teachers and teachers 

of the hearing impaired felt they had inadequate information on the 

auditory management of hearing-impaired students. 
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Individual Monitoring and Maintenance Systems 

Downs (1971) published one of the first set of recommended 

guidel ines for hearing aid monitoring and maintenance. Her guidelines 

focused on the role of parents and outlined procedures for visual and 

listening checks that they could perform. Included as part of the 

guidelines were suggestions on procedures to prevent hearing aid mal

functions. Downs also recommended twice yearly electroacoustic 

analyses of children's hearing aids to detect distortion problems that 

might be overlooked in a typical listening check. 

A system for home and school monitoring and maintenance of 

hearing aids was developed by the staff at the Bill Wilkerson Hearing 

and Speech Center in Nashville, Tennessee (Hanners and Sitton, 1974). 

Daily visual and listening inspections followed a 14 point protocol 

that could be completed in 90 seconds by trained individuals. 

A visual inspection was used to check and correct problems 

related to (I) proper setting of controls (re: audiologists recom

mendations); (2) cleanliness of the microphone grid; (3) cracks and 

moisture in the receiver; (4) cracks, chips, cerumen on the earmold; 

(5) corrosion around battery contacts; (6) adequacy of battery voltage. 

A I istening check was accompl ished using a hearing aid 

stethoscope with the aid set as closely as possible to the volume level 

worn by the child. The inspection focused on detecting (I) distortion, 

static, or internal noises produced while speaking into the hearing aid 

microphone, (2) static or distortion produced by manipUlating hearing 

aid controls (e.g., switches and volume wheels); (3) intermittency 

caused by broken cords; (4) feedback caused by loose fitting of earmold 
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to receiver, (5) improper fit of the earmold to the child; (6) problems 

in the fit of the hearing aid clip to the aid; (7) problems in the fit 

of the hearing aid harness or vest. 

At the time the system was developed, the equipment needed for 

each troubleshooting kit cost approximately $10.00 and consisted of: 

(1) implements for removing moisture; (2) pipe cleaners; (3) a battery 

volt'meter; (4) a hearing aid stethoscope; (5) a pencil style typewriter 

eraser; (6) spare batteries; and (7) spare cords. Training of parents 

and teachers in using the system was facilitated by in-service training 

packages that used materials developed by the Bill Wilkerson Clinic 

Staff. Sound-slide programs and booklets that were developed for the 

project have become part of materials on hearing impairment available 

as a result of a federally funded national dissemination project. 

Other systems have dupl icated or adapted the Bill Wilkerson 

procedures and focused their troubleshooting efforts on visual and 

1 istening assessments of hearing aid functioning (Bendet, 1980; 

Kemker et al., 1979; Riedner, 1978). 

Kemker and his associates (1979) conducted a five year study of 

hearing aids used by children in special education in a large metro

pol itan school district. The troubleshooting system included visual 

and listening checks of the hearing aid and an inspection of the ear

mold and its fit. During the first three years that the system was 

operating, inspections were made weekly by an audiologist. In the last 

two years of the study, dai Iy hearing aid inspections were performed by 

teachers and teacher aides. The latter modification of daily classroom 

checks by school personnel and weekly checks by the audiologist 
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resulted in the most effective intervention. Loaner hearing aids were 

usually available when the child's personal hearing aid had to be 

repaired. Electroacoustic analysis of hearing aids was not a routine 

part of this system. 

The Pittsburgh publ ic schools initiated an ampl ification moni

toring and maintenance system in the 1976-1977 school year (Bendet, 

1980). Their system focused on daily visual and listening inspections 

of hearing aids, which were usually performed by teachers, teacher 

aides, or speech-language pathologists. A supplementary electroacoustic 

assessment of aids performed by an audiologist was also available. 

Some troubleshooting systems include routine electroacoustic 

analysis as a major component (Ciani, 1980; Potts and Greenwood, 1983; 

Schell, 1976). One of the first educational programs to describe and 

publish its procedures for electroacoustic analysis of children's 

hearing aids was the Cincinnati public schools. This component of their 

inspection system had been operating since 1973 and supplemented the 

regular system of visual and listening checks of students ' ampl ifica

tion. Bruel and Kjaer equipment was used to obtain outputs for fre

quency response, gain, harmonic distortion, and maximum power output 

according to Hearing Aid Industry Conference (HAIC) and American 

Standards Association (ASA) guidelines. The electroacoustical component 

of their monitoring system enabled the detection of additional problems 

that were not picked up as part of the physical inspection of amplifi

cation units (Schell, 1976). 

The merits and limitations of electroacoustic analysis of 

children's hearing aids were described by Chial (1977). He cautioned 
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that this procedure should be an adjunct to a comprehensive and on-going 

evaluation of the adequacy of amplification. Many problems that could 

be detected easily in a physical inspection might be missed if electro-

acoustic procedures were used alone. Chial added that electroacoustic 

analysis using the standard 2cm3 coupler was designed as a simulation 

of the adult ear, and could not be considered as an adequate represen-

tation of the child's ear. Aided soundfield measures of listening 

performance were recommended as the best measure of adequacy of 

amplification. 

Effects of Monitoring 
and Maintenance Systems 

Daily and systematic monitoring and maintenance procedures 

result in a reduction in amplification unit malfunctions. The five year 

field study of hearing aids conducted by Kemker and his associates 

(1979) revealed that decreases in weak and dead batteries (the major 

cause for malfunctioning aids in their sample) occurred during each 

successive year of the study. However, the most dramatic reduction in 

this type of malfunction occurred in the fourth and fifth years of the 

study when the system modified its procedure from a weekly inspection 

schedule to a daily inspection schedule. The investigators reported 

that during the first two years of the study, one in every five students 

appeared at school with a weak or dead battery, whereas in the final 

year of the study, only one child in 16 came to school with a dead 

battery. Furthermore, the percentage of malfunctions decreased by 50% 

during the last two years of the study. 
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The Pittsburgh public school maintenance program, which focused 

on daily visual and listening checks of.amplification, also reported 

positive results. Data analyzed over a two year period revealed that 

the number of students wearing amplification units increased as did the 

number of students wearing properly functioning amplification units. 

During the two years that data were collected, the number of malfunc

tions decreased by at least half in all eight categories reported 

(Bendet, 1980). 

Potts and Greenwood (1983) found that a system of daily visual 

and 1 istening inspection of children's hearing aids was associated with 

a 25% malfunction rate. While this rate is substantially lower than the 

average 50% reported in the literature, it was not considered adequate 

by the investigators. Subsequent modifications in their troubleshooting 

system added procedures such as a systematic 1 istening check using the 

Ling Five Sound Speech Test, a parent training program focusing on 

hearing aid troubleshooting, and electroacoustic analyses performed 

three times a year and when physical inspections indicated possible 

malfunctions. After modifications were implemented, follow-up analyses 

were performed and revealed a malfunction rate of only 12%. 

Although the monitoring and maintenance systems described in 

these three studies were somewhat different, all reportedly had a 

positive impact on the condition of students' personal ampl ification 

units. These three studies suggest that daily inspections are superior 

to weekly inspections and that while visual and 1 istening inspections 

in school are effective in reducing malfunctions, additional procedures 

can improve hearing aid conditions. Parental involvement in 



troubleshooting at home and periodic electroacoustic assessments were 

associated with improved status of children's personal hearing aids. 

Summary 
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The educational agency's obligation to provide appropriate 

amplification for hearing-impaired children and to ensure the mechanical 

and electrical integrity of that amplification is supported by the 

research literature and mandated by law. Almost two decades of research 

on ampl ification in education suggest that an evaluation of our current 

efforts is in order. 

Studies have consistently revealed unacceptably high malfunction 

rates in programs having no formal monitoring and maintenance system. 

This was the case for personal hearing aids as well as school-owned 

auditory training equipment. Daily systematic troubleshooting efforts 

were shown to substantially reduce malfunction rates. Yet, no evidence 

exists to indicate widespread implementation of monitoring and mainte

nance systems. In fact, such systems appeared to be the exception 

rather than the rule (Rawl ings and Trybus, 1978). 

Unfortunately, technological advances have not yielded a child

proof hearing aid that would obviate the monitoring and maintenance 

effort. Amplification monitoring and maintenance systems continue to 

be one of the most critical and often most overlooked aspects of the 

habilitation program for hearing-impaired children. 

Daily inspection systems, supplemented by periodic electro

acoustic evaluations, were judged to be the most effective intervention 

package. Teachers of the hearing impaired and classroom teachers were 
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most often responsible for daily inspections (Bendet, 1980; Kemker et 

al., 1979; Wi 1 son-Vlotman and Blair, 1984). The training of these 

personnel may not have adequately prepared them for the task as th~y 

have expressed ambivalence and discomfort about hearing aids, auditory 

trainers, and auditory assessment (Bendet, 1980; Coleman, 1975; Davis 

et al., 1981). Hearing-impaired students and their parents do not 

appear to have sufficient skills to assume a major role in monitoring 

and maintenance. 

An encouraging trend is the recognition of monitoring and 

maintenance requirements as reflected in the Guidel ines for Audiology 

Programs in Educational Settings for Hearing-Impaired Children and the 

final draft of the Council on Education of the Deaf (1985) certification 

standards. These do not, however, ensure implementation. As Matkin 

(1984, p. 149) has noted of the performance of children's ampl ification 

systems, "there is 1 ittle, if any, evidence of improvement during the 

past decade." 

A description of national efforts to ensure the adequate per

formance of children's hearing aids would indicate the degree to which 

schools are complying with publ ic law and preferred procedures. 

Information on characteristics of monitoring and maintenance systems 

across the nation is needed to perform a summative and formative 

evaluation of current practice. 

Knowing the strengths and 1 imitations of existing practices can 

help modify pol icies and program development in agencies serving 

hearing-impaired children. The characteristics and adequacy of efforts 

to maintain children's ampl ification units would assist higher education 



training institutions in developing and evaluating their competency 

requirements for their training programs in audiology, regular, and 

special education. Also, this information could be used by local 

education agencies and state schools in examining their need for 

additional personnel, inservice instruction for existing personnel, 

and/or additional equipment or supplies. Finally, state education 

agencies could use the findings of this study to review and revise 

their compliance monitoring and evaluation procedures. 

37 



CHAPTER 3 

METHODS 

This chapter reports the methods used in this study. The first 

section discusses the rationale and method for subject selection. Next, 

descriptions of materials, procedures, and data analysis methods are 

presented. 

Subjects 

Teachers of the hearing impaired and supervisors/administrators 

of programs for hearing-impaired students were subjects of the study. 

The teachers included instructors in self-contained, resource, or 

itinerant programs in residential or public day school settings. 

Questionnaire surveys were sent to the school contact person listed in 

the American Annals of the Deaf (1985) section on Schools and Classes 

for the Deaf in the United States .. A packet containing one administra

tor survey, one teacher survey, and instructions were sent to the 

designated contact person at: (1) one residential school in each of 

the 48 states that had a state school for the deaf, and (2) 200 local 

education agencies (LEA) chosen by the selection procedure described 

below. 

The rationale for surveying teachers and administrators was 

two-fold. First, it was based on the desire to provide some evidence 
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of reliability; second, it was based on the administrative and pro

grammatic nature of the research questions. 

Ideally, one data set would be capable of addressing most or 

all of the research questions. However, a need existed to establish 

some measure of reliability for those items asked of teachers that 
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were administrative in nature. Some doubt existed that teachers would 

have access to certain administrative information such as data on total 

program enrollment, contractual or employment arrangements with audiolo

gists, and availabil ity of specific equipment and services (such as 

electroacoustic analysis, loaner amplification, earmold replacement 

program). However, it was recognized that teachers are the first line 

personnel most likely to have information on actual monitoring and 

maintenance practices. Thus, a longer, more comprehensive teacher 

survey was designed in recognition that teachers were the primary sub

jects of the study who should generate most of the data to answer the 

research questions. A second administrator survey provided a means 

for corroboration of administrative type data from the teachers. Also, 

it provided a few additional program descriptions that could not be 

obtained from the teacher questionnaire. It was hoped that a related 

benefit of using two surveys would be to add a level of confidence not 

usually warranted when relying on self-reported data. 

Selection Procedure for Residential Schools 

Survey recipients included the state residential school in each 

state according to data publ ished in the April 1985 American Annals for 

the Deaf section on Schools and Classes for the Deaf in the United 



States. When more than one state residential school was I isted, then 

the largest pupil enrollment school was chosen. If the two largest 

residential schools were approximately the same size, then the school 

with the largest residential (versus day) enrollment was selected. 

Sampl ing Procedure for LEA Programs 
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The enrollment pattern of hearing-impaired students in local 

education agencies (LEA) presented a sampl ing challenge due to the 

nature of the distributions of the students and the distribution of 

programs serving them. Two factors have affected oppositely skewed 

distributions for these two populations. The low-incidence nature of 

the hearing-impaired population has resulted in a few extremely large 

programs in the largest urban areas. In addition, this low incidence 

has prompted resource sharing that has resulted in larger cross-· 

district cooperative programs in less populated areas. Also, prol ifera

tion of small LEA programs for the hearing impaired has occurred in 

response to least restrictive environment mandates of PL 94-142. 

As a result, the largest proportion of hearing-impaired students 

are served in the smallest number of educational programs, which con

sists of a few large local programs in densely populated urban areas 

(e.g., Baltimore-Washington area, New York City, Chicago area). 

Convers~ly, a very large number of small programs exists that serve 

only a small proportion of the nation's hearing-impaired school-aged 

population. 

Ideally, the description of monitoring and maintenance proce

dures should be representative of the number of programs and the number 
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of students in the programs. A simple random sampling of programs 

would have resulted in a description of mostly small programs whose 

pol icies and procedures impact on a minority of hearing-impaired 

students in the nation's schools. Sampl ing the largest schools in the 

nation would have given an adequate description of policies and proce

dures affecting the majority of hearing-impaired students. However, 

the latter sampl ing method would have underrepresented the majority of 

educational programs, especially those in rural areas. 

To adequately reflect the distribution of programs and the 

distribution of students, a stratified random samp1 ing procedure was 

used to select the LEA sample from the population (N = 586) of publ ic 

day programs in the United States (American Annals of the Deaf, 1985). 

Determination of stratum boundaries was derived from adapting 

the Dalenius-Hodges "cum Vf(Y) method" (Cochran, 1977). Strata number, 

as recommended by Caldwell (1985), was five. A detailed table describing 

the calculation of strata is found in Appendix B. Fifty programs were 

selected randomly from the three smallest strata. Because the two 

largest strate contained fewer than 50 schools, each school in the 

strata was chosen as a recipient of the survey. 

The first step in determining the LEA programs from which the 

subjects were selected was to rank by student enrollment all LEA pro

grams in the United States that were 1 isted in the American Annals of 

the Deaf (1985, pp. 84-129). The stratum boundaries were then appl ied 

to the ranked population of LEA programs. Using a table of random 

numbers, 50 programs from each of the first three strata were selected. 

All programs from Stratum Four and Stratum Five were chosen because of 



the small number of programs in these strata (N < 40). Stratum and 

stratum boundaries are outl ined in Table 3.1. 

Table 3.1. Summary of stratum boundaries, number of students in each 
stratum, and number of schools selected from each stratum 

Number of Number of Number of 
Impaired Students Schools Schools Selected 

Strata Served in Programs in Stratum from Stratum 

Stratum to 20 282 50 

Stratum 2 21 to 60 159 50 

Stratum 3 61 to 140 95 50 

Stratum 4 141 to 280 38 38 

Stratum 5 281 to 1139 12 12 

A packet containing a letter with instructions and the survey 

materials was sent to the designated contact person. The contact 

person was requested to: (1) complete the administrator's question-

naire, (2) select one teacher to complete the teacher questionnaire, 

and (3) del iver the teacher questionnaire and instructions to the 
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selected teacher-respondent. If the contact person was not the person 

responsible for supervision and administration of the program for the 

hearing impaired, he or she was requested to forward the materials to 

the appropriate person. 
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Materials 

Two survey questionnaires were developed to address the 11 

research questions that were presented in the introduction. One com

prehensive teacher survey (see Appendix C) was developed with specific 

items related to daily practice and items related to preservice and in

service training of individual teachers. This survey also included 

some items of an administrative nature. A second, shorter survey for 

supervisors/administrators was developed to corroborate certain admin

istrative type data gathered from the teacher survey and to provide 

additional programmatic descriptions that were not possible from the 

teacher data. Only the teacher survey was capable of generating a 

data base that would address all 11 research questions. 

The questions were designed to address the research questions 

stated in Chapter 1. In addressing the tenth and eleventh research 

question, item responses were compared to a model of preferred practice 

that was developed by the investigator (Appendix A). The model is 

based primarily on program components that have been identified in the 

professional 1 iterature as exemplary or effective in reducing amplifi

cation malfunctions. In this way, evaluation of monitoring and 

maintenance efforts was facil itated. 

The teacher and administrator surveys were reviewed for content 

and form by a pediatric and an educational audiologist, a teacher

educator in the area of hearing impairment, a professor of special 

education administration, an administrator of a school for the deaf, 

and a psychologist with a specialty in developing and evaluating survey 
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instruments. Necessary modifications were made to the proposed survey 

prior to its being piloted on a small group of administrators and 

teachers. 

Procedures 

Following the initial review and revision of the survey, it was 

piloted with five administrators and six teachers who represented one 

residential school, one large LEA and two small LEA programs for the 

hearing impaired. Pilot study participants were instructed to complete 

the questionnaire as if they were a participant in the study. They were 

asked to note the time required to complete the entire survey; the 

clarity of directions, item stems and item responses; and any recom

mendations for change. The final form of the questionnaire reflected 

the comments and suggestions of the pilot study participants. 

A packet of materials, including a set of explanations and 

instructions, one teacher survey, one administrator survey, and two 

postage-paid return envelopes was sent to each contact person for 

programs chosen by the procedure previously described in this chapter. 

The importance of a high rate of return by the requested return date 

for survey questionnaires was stated in the explanation and instruc

tions letter. Participants were assured that only group data would be 

reported and that individual responses would not be revealed. 

A code was printed on the back of each survey that indicated: 

(1) the federal region represented by the school (01-10), (2) the 

state represented by the school (0-50, where O=D.C.), (3) whether the 

school was a LEA or a residential school (lor 2), and (4) an 
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individual program code (e.g., 089). For example, the code 01-25-1-054 

would indicate the survey was from an LEA in federal region one in the 

state ranked 25th alphabetically. The three digit program number would 

have enabled the researcher to identify those schools who had not 

responded if follow-up letters were needed. The nature and purpose of 

the code and assurances of anonymity were emphasized in the introductory 

explanation letter. 

If, after five weeks from the date on which packets were mailed, 

the overall response rate had been less than 50%, additional packets 

would have been mailed to contact persons from programs where question

naires from both respondents (teacher and administrator) had not been 

received. If the admini~trator of a program had responded and not the 

teacher, only the teacher questionnaire would have been sent to the 

contact person with a further explanation of the importance of a high 

rate of return and appropriate requests to redistribute survey mate

rials. If teachers from a program had responded and not the adminis

trator, a similar follow-up procedure would have been implemented. 

Because the initial mailing resulted in a ~3% overall response rate, 

which exceeded the 50% minimum criterion, no follow-up questionnaires 

were sent. 

Analysis of Data 

Because most of the survey items involved categorical data, 

analysis consisted primarily of descriptive statistics and analysis 

using log-linear models. Log-linear models allow the fitting of 

various models that hypothesize relationships between or among 



categorical variables. In examining relationships between two vari-

ables, the model of independence was fit to the data. Models can be 

established a priori and fit to the observed data. The fit of the 

model to the data can be tested for significance by a X2 statistic. 

Hierarchical models were fit to the data in three-way tables 

for examining relationships among three variables. This allowed for 

the testing of comparative fit of models. A model is hierarchical to 

another model if it contains all of the same effects plus one or more 

additional effects. Given a particular model, expected values can be 

calculated for the observed data. The expected and observed values 

2 2 would be compared by means of X statistic. A significant X value 

would indicate an unsatisfactory model fit. Conversely, a model that 

fits the data well would be one that has a small and nonsignificant 

X2 value. 

Data were analyzed using BMDP Statistical Software on an IBM 

personal computer. BMDP programs P4F and P2D were used to analyze 

results of the survey. These programs are capable of generating two-

way or multiway frequency tables. 2 In addition, P4F can perform a X 
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test of independence to determine if a relationship exists between two 

or more categorical variables. 



CHAPTER 4 

RESULTS 

This chapter reports the results of the study. The first set 

of data shows the number of respondents in the survey. Next, each 

specific research question is reiterated and followed by a detailed 

presentation of data provided by the respondents to the questionnaires. 

Number of Respondents 

Of the 496 administrative and teacher questionnaires that were 

sent to 48 residential and 200 public day school (LEA) programs serving 

hearing-impaired children, four questionnaires sent to two publ ic day 

school programs were not del iverable under the name 1 isted in the 

American Annals of the Deaf (1985) annual program survey. A total of 

310 (63%) questionnaires was returned, which represented one hundred 

sixty-four (164) for administrators (65.6%) and one hundred forty-six 

(146) for teachers (58.4%). Thus, the response rate for administrators 

was sl ightly higher than the response rate for teachers. Further 

analysis indicated that 35 (72.9%) residential school administrators 

and 32 (66.6%) residential school teachers responded, which represented 

higher response rates than obtained for the 129 (65.2%) publ ic day 

school (LEA) administrators or the 114 (57.5%) publ ic day school 

teachers. Response frequency and response rate for each of the five 

LEA stratum are found in Tables 4.1 and 4.2. As defined in Chapter 3, 
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Table 4.1. Number of hearing-impaired students in LEA strata 

Number of 
Strata Hearing-Impaired Students 

Stratum to 

Stratum 2 21 to 

Stratum 3 61 to 

Stratum 4 141 to 

Stratum 5 281 to 

Table 4.2. Publ ic school (LEA) response rate by strata: 
frequency and percentages for administrators 

Strata 
2 3 4 5 

20 

60 

140 

280 

1139 

Total 

48 

25 (50.0) 38 (76.0) 29 (60.4) 29 (76.3) 8 (66.7) 129 (65.2) 

Likel ihood ratio X2 = 10.863 
OF = 4 
p = .02"( 
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strata are the five small to large school classifications for the local 

education agencies that comprised the publ ic day school sample and are 

defined in Table 4.1. 

No significant difference for response rate among the five 

strata was found for the teacher respondents as shown in Table 4.3. 

However, response rates among the administrator respondents did vary 

significantly among the five LEA strata as shown in Table 4.2. 

Table 4.3. Publ ic school (LEA) response rate by strata: 
frequency and percentages for teachers 

Strata 
2 3 

25 (50.0) 31 (62.0) 29 (60.4) 23 (60.5) 

Likel ihood ratio X2 
= 3.324 

OF = 4 
p = .50 

5 

6 (50.0) 

Total 

114 (57.5) 

A total of 20,014 hearing-impaired students were enrolled in 

schools represented by the administrators who responded to the survey. 

Respondents to the teacher survey provided direct services to the 

2,656 hearing-impaired students. 

Data Sets Presented for Results 

First run analysis of data from administrator and teacher 

questionnaires produced comparable results for survey items that were 



50 

administrative in nature. Table 4.4 presents administrator and teacher 

data to answer research question 1. 

Table 4.4. Percentage of programs with monitoring and maintenance 
systems (for hearing aids and auditory trainers) as 
indicated by administrators (N = 164) and Teachers (N = 146) 

Administrators Teachers 
System Component % N % N 

Mon i tor Heari ng 
Aids 92.0 (150/163) 90.8 (128/141) 

Monitor Auditory 
Trainers 86.4 (140/162) 86.0 (123/143) 

Maintain Heari ng 
Aids 74.2 (118/159) 67.2 (92/137) 

Maintain Auditory 
Trainers 84.0 (136/162) 80.4 (111/138) 

Comparabil ity between the two sets of data (such as that illustrated in 

Table 4.4) was typical for those survey items that could be compared. 

Based on this finding, it was clear that the teacher data set could be 

used to address all the research questions. Also, it is recognized 

that teachers are the first I ine personnel who monitor ampl ification, 

detect maintenance needs and are in a position to secure repairs. 

In the main, administrative data corroborated teacher data, 

which supported the reI iabil ity of teachers' responses to 

administrative-type survey items, but added 1 ittle additional 



information. Administrative data on program-wide monitoring respon-

sibil ity, loaner equipment program, and earmold replacement programs 

are presented in this chapter because they provide information that 

was not addressed in the teacher survey. 

Programs with Formal 
Monitoring and Maintenance 

Analysis of data from survey item eight of the teacher ques-
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tionnaire was used to answer the first research question: In a sample 

of school districts and residential schools in the United States, what 

proportion have formal systems for: 

a. moni tori ng hearing? 

b. moni tor i ng auditory trainers? 

c. maintaining heari ng aids? 

d. maintaining auditory trainers? 

Table 4.5 summarizes teacher responses, which revealed that 

some formal system for monitoring and maintaining hearing aids and 

auditory trainers existed in most residential and day school programs. 

In general, monitoring hearing aids occurred most frequently and main-

taining hearing aids occurred least ,frequently. 



Table 4.5. Percentage of teachers indicating programs with 
monitoring and maintenance systems (N = 146) 

System Component % N 

Monitor hearing aids 90.8 (128/141) 

Monitor auditory trainers 86.0 (123/143) 

Maintain hearing aids 67.2 (92/137) 

Maintain auditory trainers 80.4 (111/138) 

Monitoring Components 

The second research question, "What are the components of 
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systems for monitoring (a) hearing aids and (b) auditory trainers?11 was 

addressed by several of the survey items from the teacher question-

naires. The monitoring variables of interest were the frequency of 

visual and listening checks, the procedures used to perform visual 

and 1 istening checks, e1ectroacoustic analysis of amp1 ification equip-

ment, and the professionals involved in performing monitoring. 

Frequency 

The questionnaire contained items regarding monitoring frequency 

that allowed for more than one response to be made. For example, a 

program may have weekly checks performed by the teacher and monthly 

follow-up checks performed by an audiologist. However, the research 

question was most directly answered by determining the most frequent 

interval for monitoring. The computer program used to analyze the data 
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accommodated for transformation of variables to a new variable, fre-

quency, defined as the most frequent time interval for checks. Thus, 

a program with weekly and monthly checks by different personnel would 

be counted as weekly, the most frequent monitoring interval; so that 

"weekly" would include programs that also were rechecked at monthly or 

bimonthly follow-ups. 

Table 4.6 and Table 4.7 contain detailed results of monitoring 

frequency for each of the mutually exclusive monitoring time response 

variables (that were transformed by the statistical analysis program 

from the non-exclusive response categories as they were coded from the 

questionnaires). 

Table 4.6. Monitoring frequency for hearing aids (N = 135) 

Frequency (Time) Interval 

Da i 1 y 

Weekly 

Monthly 

When served by itinerant/resource 

When problem suspected 

Not'on a regular basis 

Other 
Aids only checked upon request 
Throughout the day 
Child is responsible 
Parents are responsible 

Don't know 

% 

54.1 

6.0 

3.0 

14.1 

B.l 

11.9 

3.0 

0.0 

N 

(]3) 

(B) 

(4) 

(19) 

(11) 

(16) 

(4) 

(0) 
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Table 4.7. Monitoring frequency for auditory trainers (N = 115) 

Frequency (Time) Interval % N 

Da i 1 y 58.3 (6]) 

Weekly 6.1 (7) 

Monthly 1.7 (2) 

When· served by itinerant/resource 13.0 (15) 

When problem suspected 13.9 (16) 

Not on a regular basis 7.0 (8) 

Other 0.0 (0) 

Data were obtained from item nine of the teacher survey. Of major 

interest are the percentages of respondents who had systems of daily 

monitoring of hearing aids and auditory trainers. Teachers in 54.1% 

(73) of programs reported daily monitoring of hearing aids. A com

parable percentage for auditory trainer monitoring was revealed by 58.3% 

(67) of teachers reporting daily monitoring. Teachers in 20% (27) of 

programs reported that hearing aids were not monitored on a routine 

basis or were only monitored when a problem was suspected. Teachers in 

20.9% (24) of programs report a similar finding for auditory trainer 

monitoring frequency. 
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Procedures 

Teacher data on specific components of monitoring programs 

(obtained from items 17 and 18 of the teacher survey) revealed that 

85.6% (110) of respondents' systems included routine assessment of 

general sound qual ity of hearing aids and 83.5% (96) of systems 

included routine assessment of general sound qual ity of auditory train

ers. More systematic and rigorous 1 istening checks using the Ling Five 

Sound Test were reported for 48.8% (62) of hearing aid monitoring sys

tems and 50.4% (58) of auditory trainer monitoring systems. A detailed 

summary of monitoring components for hearing aids and auditory trainers 

is found in Table 4.8. 

The presence of the monitoring component, electroacoustic analy

sis, was addressed by item 20 of the teacher survey. Teachers in 76.9% 

(103/134) of the sample responding reported that electroacoustic 

analysis for students was available. Data revealed that this service 

was provided more often for hearing aids than for auditory trainers. 

Percentages by ampl ification type and frequency of checks are shown in 

Table 4.9. 

Personnel Involved in Monitoring 

Respondents completing a teacher survey reported that teachers 

of the hearing impaired had the primary responsibility for performing 

monitoring and maintenance of ampl ification (Table 4.10). This was 

reported for 76.0% (105) of hearing aid monitoring systems and 78.9% 

(94) of auditory trainer monitoring systems. 



Table 4.8. Percentage and frequency of hearing aid and 
auditory trainer monitoring components (N = 146) 

Component 
Heari n9 Aid Auditory Trainer 
% N % N 

Earmold fit 85.8 (109/127) 73.2 (85/116) 

Earmold cleanl iness 95.3 (121/127) 81.5 (88/108) 

General condition 79.6 (101/127) 77.3 (89/115) 

Battery condition 64.6 (82/127) 45.2 (52/115) 

Receiver condition 60.0 (75/125) 68.5 (78/114) 

Cord condition 61.1 (77/126) 89.5 (103/115) 

General sound qual ity 85.6 (110/127 83.5 (96/115) 

Sound reception via 48.8 (62/127) 50.4 (58/115) 
Ling Five Sound Test 

Volume wheel 1 i near i ty 54.3 (69/127) 47.8 (55/115) 

Integrity of moveable 72.8 (94/129) 57.3 (66/115) 
swi tches 

Ch i 1 dis wea ring unit 96.8 (122/126) 91.9 (lo3/112) 

Unit turned on 92.0 (116/126) 93.7 (105/112) 

Volume at recommended 87.2 (109/125) 90.1 (101/112) 
1 eve1 
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Table 4.9. Availabil ity of electroacoustic analysis of 
hearing aids and auditory trainers (N = 146) 

Ava i 1 ab i 1 i ty 
Hea ring Aid s 
N % 

When functioning is 58.9 
questioned 

As part of routine 58.9 
audiologic evaluation 

Other 17.0 
Weekly 
Monthly 
Once a year 
Twice a year 
Summer servicing of 

auditory trainers 
When returned from servicing 

for auditory trainers 

(76/129) 

(76/129) 

(22/129) 

Auditory Trainers 
N % 

54.9 (62/113) 

(49/113) 

20.3 (23/113) 

57 



Table 4.10. Personnel with a major responsibil ity for 
monitoring hearing aids and auditory trainers 
as reported by teachers (N = 146) 

Hearing Aids Auditory Trainers 
Personnel/Individual % N % N 

Teacher of hearing-impaired 76.0 (105/138) 78.9 (94/119) 

Audiologist 29.7 (41/138) 28.6 (34/119) 

Technician 2.2 (3/137) 5.0 (6/119) 

Speech-language pathologist 11.7 (16/137) 11.8 (14/119) 

Teacher aide/ 16. 1 (22/137) 11.9 (14/118) 
Teacher assistant 

Parent(s)/guardian(s) 19.5 (27/138) 2.5 (3/118) 

Other 5.9 (8/127) 10.3 (12/117) 
Nurse/health aid 
Student 
Local speech and 

hearing cl inic 

Program administrators reported that teachers of the hearing-

impaired assume the primary role for monitoring and maintaining the 
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ampl ification of students enrolled in programs for the hearing impaired, 

regardless of whether the placement was self-contained, resource, or 

itinerant. Audiologists also assumed some direct responsibil ity for 

monitoring and maintenance services, however, they do not assume the 

primary responsibil ity for routine monitoring, regardless of the 

educational placement (Table 4.11). 
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Table 4.11. Personnel with primary responsibil ity for monitoring by 
educational placement reported by administrators (N = 164) 

Educational Placement 

Self-contained programs (N = 140) 

Personnel 
Teacher of the hearing impaired 
Audiologist 
Speech-language pathologist 
Teacher-aide/teacher-assistant 
Parent(s)/guardian(s) 
Don't know 
Other 

Technician 
Dorm parent 
School nurse 
student 

Resource programs (N = 77) 

Personnel 
Teacher of the hearing impaired 
Audiologist 
Speech-language pathologist 
Teacher-aide/teacher-assistant 
Parent(s)/guardian(s) 
Don't know 
Other 

Student 
Schoo I nu rse 
Combination 

Itinerant programs (N = 88) 

Personnel 
Teacher of the hearing impaired 
Audiologist 
Speech-language pathologist 
Teacher-aide/teacher assistant 
Parent(s)/guardian(s) 
Don't know 
Other 

Regular education teacher 
Schoo I nu rse 
Student 
Combination 

% 

52.2 
7.8 
3.6 
2. I 
o 

.7 
23.6 

71.4 
7.8 
5.2 
o 
3.9 
o 

11.7 

61.4 
4.5 
4.5 
1.1 
8.0 
o 

20.5 

N 

(87) 
(11) 
(5) 
(3) 
(0) 
(1) 

(33) 

(55) 
(6) 
(4) 
(0) 
(3) 
(0) 
(9) 

(54) 
(4) 
(4) 
(I) 
(7) 
(0) 

(18) 
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Maintenance Components 

The third research question asks, "What are the components for 

maintaining (a) hearing aids and (b) auditory trainers?" This question 

was addressed by several of the survey items from the teacher question-

naire. Maintenance components of interest include loaner ampl ification 

programs, equipment replacement parts, system for obtaining new ear-

molds, and audiological consultation. Selected data from the adminis-

trator questionnaire are also included in this section. 

Loaner Ampl ification 

Table 4.12 reveals 59.3% (89) of administrators' educational 

programs had their own system for obtaining loaner hearing aids and 

68.6% (98) of programs had loaner auditory trainers. 

Table 4.1t. Percentage of administrators reporting loaner 
ampl ification programs for hearing aids and 
auditory trainers 

Hearing Aids 
(N = 150) 
% N 

Auditory Trainers 
(N = 140) 
% N 

Loaner ampl ification programs 59.3 68.6 (98) 



Teachers were asked the average length of time required to obtain 

loaner ampl ification, which included loaners from their program or 

from external sources (e.g., hearing aid dealers, audiology clinics). 

They reported that in 41.3% (42) of their programs, hearing aid 

loaners were available in one day or less and that in 58.6% (58) of 

programs auditory trainer loaners were available in one day or less. 

Additional information on average time to obtain loaners is contained 

in Table 4.13. 

Table 4.13. Time required to obtain loaner ampl ification for 
hearing aids and auditory trainers as reported 
by teachers 

Time Required 

One day or less 

Two to three days 

Four days to one week 

More than one week 

Other 
Obtained through personal 

audiologist (HA) or 
hearing aid dealer 

Depends on availabil ity 
Don't know 
None have been requested 
I have two loaners of my 

own 
Depends on type needed 

Hearing Aids 
(N = 102) 
% N 

41.3 (42) 

23.5 (24) 

9.8 (10) 

12.7 (13) 

12.7 ( 13) 

Auditory Trainers 
(N = 99) 
% N 

58.6 (58) 

1 5. 1 (15) 

11. 1 (11) 

7.1 (7) 

8. 1 (8) 
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Equipment Replacement Parts 

Availability of batteries, cords, and receivers is important to 

the proper maintenance of hearing aids and auditory trainers. Teachers 

reported on the availabil ity of these replacements in item 21 of the 

teacher survey. Teachers further indicated if the family, school, or 

a combination had ultimate responsibil ity for providing hearing aid 

accessories. In general, replacement accessories are kept at school 

for hearing aids and auditory trainers. A majority of programs reported 

this to be the case for all accessories except for hearing aid receivers 

and cords, which are only required for body-worn instruments. Parents 

assume the primary responsibil ity for providing these replacements. 

However, the data indicate that 40% to 50% (depending upon the particu

lar accessory) of teachers surveyed said that their programs either 

provided these accessories or would provide them if the famil ies could 

not or would not. Table 4.14 reveals teacher data on availabil ity and 

responsibil ity for replacement accessories. 



Table 4.14. Financial responsibility for hearing aid replacement 
accessories as reported by teachers 
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Battery Earmolds Cords Receivers 
(N = 136) (N = 132) (N = 118 ) (N = 118 ) 

Responsible Party % N % N % N % N 

Famil y 80.9 (110) 72.7 (96) 61.9 (73) 66.9 (79) 

School 23.6 (32) 29.8 (39) 35.6 (42) 29.7 (35) 

School if fam i 1 y 33.1 (45) 18.3 (24) 14.4 (17) 12.7 (15) 
does not provide 

Not kept or 3.0 (4) 9.1 ( 12) 9.3 ( 11) 11.8 (14f-
made at school 

System for Obtaining New Earmo1ds 

Administrators reported that a system for obtaining new ear-

molds existed in 60.1% (92) of the programs for hearing aids and 76.5% 

(107) of the programs for auditory trainers (Table 4.15). According to 

the teachers in 72.7% (96) of educational programs, famil ies assume the 

financial responsibi1 ity for the cost of new hearing aid earmo1ds. In 

18.3% (24) of programs, the costs are assumed by the school program if 

families cannot provide funds to make new hearing aid earmolds. 



Table 4.15. System for obtaining new hearing aid and auditory 
trainer earmolds as reported by administrators (N = 164) 

Earmold impressions 
made at school 

Availabil ity of Audiologists 

Hearing Aids 
(N = 153) 
% N 

60.1 (92) 

Auditory Trainers 
(N = 140) 
% N 

76.5 (107) 

In subsequent sections of this chapter, audiologists will be 

considered as a personnel variable to assess their relationship to 

certain monitoring and maintenance procedures. However, the presence 

of audiologists in the educational system is described separately to 
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address research question three because audiologists are considered to 

be integral to certain maintenance procedures (e.g., fitting loaner 

ampl ification, making earmold impressions). Full-time or part-time 

audiologists are employed or contracted in 85.9% (122/142) of programs. 

One or more full-time audiologists is employed in 67.6% (96). Twenty-

six programs (18.3%) employ only part-time audiologists. Employment 

patterns for audiologists are detailed in Table 4.16. 



Table 4.16. Percentage and number of full-time and part-time 
audiologists as reported by teachers (N = 142) 

Number of 
Audiologists 

None 

One 

Two 

Three 

Four 

Five 

Six 

Seven 

Eight 

Nine or more 

Full-Time Part-Time 
% N % 

32.4 (46) 73.9 

50.7 (72) 21.1 

11.3 (16) 4.2 

2.8 (4) .7 

1.4 (2) 0 

.7 (1) 0 

0 (0) 0 

0 (0) 0 

0 (0) 0 

.7 (1) 0 

Re 1 at i onsh i E. .. 5?.f .... ~.~.~ .... Demog raph i c Va r i ab 1 e. 
Program Size, to Preferred 

Monitoring and Maintenance Procedures 

N 

(105) 

(30) 

(6) 

(1) 

(0) 

(0) 

(0) 

(0) 

(0) 

(0) 
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The relationship between educational program size and monitoring 

and maintenance variables was addressed by research question 4. The 

values assigned to the size variable were coincidental with the statis-

tically derived strata used in the sampl ing procedure described in 

Chapter 3. The five strata 1 imits refer to the number of hearing-

impaired students served by the educational program and are defined as 

follows: Strata 1 = 1 to 20; Strata 2 = 21 to 60; Strata 3 = 61 to 140; 
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Strata 4 = 141 to 280; Strata 5 = 281 to 1139. Analysis of relation-

ships between monitoring and maintenance practices and program size 

included only publ ic day school programs because residential schools, 

by nature, are much larger and vary less in program size than publ ic 

school programs. Also, the residential schools were chosen independent-

ly of the sampl ing procedure for day programs. 

The personnel variable, audiologist, was significantly related 

to program size (1 ikel ihood ratio X2 20.006, P = .001) such that the 

larger the educational program, the greater the 1 ikelihood of audiolo-

gists being employed (Table 4.17). 

Table 4.17. Audiologists (full-time or part time) by program size 

1-20 21-60 

Audiol- 11 (52.4) 25 (83.3) 
ogists 

No audi- 10 (47.6) 5 (16.7) 
ologists 

Total 21 (100) 30(100) 

Likel ihood ratio X2 = 20.006 
DF = 4 
p = • 001)~ 

Program Size 
61-140 141-280 281-1139 Total 

27 (93. 1) 21 (95.5) 6 (100) 90 (100) 

2 (6.9) (4.5) 0 (0) 18 (100) 

29 (100) 22(100) 6 (100) 108 (100) 

Significant relationships are those with X2 probabil ity values less 

than .05 and are indicated by an asterisk. 
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However, inservice training for teachers was the only monitoring and 

maintenance practice that had a statistically significant relationship 

with the demographic variable, program size. Student information on 

hearing aids did show a relatively strong, although non-significant, 

relationship to program size. The following monitoring and mainten-

ance variables were not found to be significantly related to program 

size: hearing aid monitoring frequency (Table 4.18), auditory trainer 

monitoring frequency (Table 4.19), hearing aid loaners (Table 4.20), 

hearing aid loaner time (Tables 4.21 and 4.22), auditory trainer 10an-

ers (Table 4.23), auditory trainer loan time (Tables 4.24 and 4.25), 

e1ectroacoustic analysis (Table 4.26), earmo1d replacement program 

(Table 4.27), student information on hearing aids (Table 4.28), student 

information on auditory trainers (Table 4029), and parent information 

(Table 4.30). 
2 Tables of frequencies, percentages, X values, degrees 

of freedom and probabi1 ities for the relationships tested for research 

question 4 are found in Tables 4.17 through 4.31. Data in Tables 4.22 

and 4.25 were condensed to show hearing aid loaner time by size, where 

only two time categories are used. 
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Table 4.18. Hearing aid monitoring frequency (FREQ) by program size 

Program Size 
FREQ 1-20 21-60 61-140 141-280 281-1139 Total 

Oa i 1 y 12 (60.0) 15 (50.0) 14 (48.3) 16 (]2.7) 3 (50.0) 60 (56. 1 ) 

Not 8 (40.0) 15 (50.0) 15 (51 .7) 6 (27.3) 3 (50.0) 47 (43.9) 
da i 1 y 

Total 20(100) 30 (100) 29 (100) 22 (1 00) 6 (100) 107 (100) 

Likel ihood ratio x2 = 3.973 
OF = 4 
p = .40 

Table 4.19. Auditory trainer monitoring frequency (FREQ) by 
program size 

FREQ 1-20 21-60 

Da i 1 y 8 (38.1) 14 (46.7) 

Not 13 (61.9) 16 (53.3) 
da i 1 y 

Total 21 (100) 30(100) 

Likel ihood ratio X2 = 3.946 
OF = 4 
p = .4133 

Program Size 
61-140 141-280 281-1139 

13 (44.8) 14 (63.6) 4 (66.7) 

16 (55.2) 8 (36.4) 2 (33.3) 

29 (100) 22(100) 6 (100) 

Total 

53 (49.1) 

55 (50.9) 

108 (100) 
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Table 4.20. Hearing aid loaners by program size 

Program Size 
Loaners 1-20 21-60 61-140. 141-280 281-1139 Total 

Loaner 15 (78.9) 24 (82.8) 22 (78.6) 20 (90.9) 6 (100) 87 (83.7) 

No 4 (21. 1 ) 5 ( 1 7 . 2) 6 (21. 4) 2 (9. 1 ) 0 (0) 1 7 ( 1 6. 3 ) 
loaner 

Total 19(100) 29 (100) 

Likel ihood ratio X2 = 3.917 
OF = 4 
p = .42 

28 (1 00) 22 (100) 

Table 4.21. Hearing aid loaner time by program size 

Prog ram Size 
Time 1-20 21-60 61-140 141-280 

LE 1 day 4 (30.8) 12 (52.2) 5 (27.8) 5 (27.8) 

2-3 days 5 (38.5) 3 (13.0) 4 (22.2) 7 (38.9) 

4 days- 2 (15.4) 3 (13.0) 2 (11.1) (5.6) 
1 week 

> 1 week (7.7) (4.3) 3 (16.7) 4 (22.2) 

Ot:her (7.7) 4 (17.4) 4 (22.2) (5.6) 

Total 13(100) 23(100) 18 (1 00) 18(100) 

Likel ihood ratio X2 = 18.337 
OF = 16 
p = .30 

6 (1 00) 1 04 (1 00) 

281-1139 Total 

3 (75.0) 29 (38.2) 

0 (0) 19 (25.0) 

1 (25.0) 9 (11.8) 

0 (0) 9 (11.8) 

0 (0) 10 (13.2) 

4(100) 76(100) 
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Table 4.22. Hearing aid loaner time by program size (condensed) 

Program Size 
Time 1-20 21-60 61-140 141-280 281-1139 Total 

LE 1 day 4 (30.8) 12 (52.2) 5 (27.8) 5 (27.8) 3 (75.0) 29 (38.2) 

>1 ::lay 9 (69.2) 11 (47.8) 13 (72.2) 13 (72.2) (25.0) 47 (61.8) 

Total 13(100) 23(100) 18 (100) 18 (1 00) 5 (100) 76(100) 

Likel ihood ratio X2 = 6.126 
OF = 4 
p = .19 

Table 4.23. Auditory trainer loaners by program size 

Program Size 
Loaners 1-20 21-60 61-140 141-280 281-1139 Total 

Loaner 14 (77.8) 26 (83.9) 25 (92.6) 21 (95.5) 6 (100) 92 (88.5) 

No \ 4 (22.2) 5 (16.1) 2 (7.4) (4.5) 0 (0) 12 (11.5) 
loaner 

Total 18 (100) 31 (1 00) 

Likelihood ratio X2 = 5.530 
OF = 4 
p = .23 

27(100) 22 (1 00) 6 (100) 1 04 (1 00) 



Table 4.24. Auditory trainer loaner time by program size 

Program Size 
Time 1-20 21-60 61-140 141-280 281-1139 

LE 1 day 4 (44.4) 10 (45.5) 10 (52.6) 10 (58.8) 2 (50.0) 

2-3 days (11.1) 4 (18.2) 4 (21.1) 4 (23.5) 0 (0) 

4 days- 2 (22.2) 2 (9.1) 2 (10.5) (5.9) 2 (50.0) 
1 week 

>.1 week 2 (22.2) 2 (9.1) 2 (10.5) (5.9) 0 (0) 

Other 0 (0) 4 (18.2) (5.3) (5.9) 0 (0) 

Total 9 (1 00) 22(100) 19 (100) 1 7 (1 00) 4 (100) 

L ikel ihood ratio X2 = 13.228 
OF = 16 
p = .66 

Table 4.25. Auditory trainer loaner time by program size 
(condensed) 

Program Size 

71 

Total 

36 (50.7) 

13 (18.3) 

9 (12.7) 

7 (9.9) 

6 (8.5) 

71 (100) 

Time 1-20 21-60 61-140 141-280 281-1139 Total 

LE 1 day 4 (44.4) 10 (45.5) 10 (52.6) 10 (58.8) 2 (50.0) 36 (50.7) 

> 1 day 5 (55.6) 12 (54.5) 9 (47.4) 7 (41.2) 2 (50.0) 35 (49.3) 

Total 9 (1 00) 22(100) 19 (100) 17 (100) 4 (100) 72 (1 00) 

Likel ihood rat io X2 = .864 
OF = 4 
p = .92 
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Table 4.26. Electroacoustic analysis (EAA) by program size 

Program Size 
EAA 1-20 21-60 61-140 141-280 281-1139 Total 

EAA 13 (72.2) 22 (73.3) 24 (85.7) 17 (85.0) 3 (60.0) 79 (78.2) 

No EAA 5 (27.8) 8 (26.7) 4 (14.3) 3 (15.0) 2 (40.0) 22 (21.8) 

Total 18(100) 30(100) 28 (100) 20 (100) 5 (100) 101 (100) 

Likel ihood ratio X2 = 3.205 
OF = 4 
p = .52 

Table 4.27. Earmold replacement program (EMRP) by program size 

Prog ram Size 
EMRP 1-20 21-60 61-140 141-280 281-1139 Total 

EMRP 6 (28.6) 12 (40.0) 9 (34.6) 9 (39.1) 3 (50.0) 39 (36.8) 

No EMRP 15 (71 .4) 18 (60.0) 17 (65.4) 14 (60.9) 3 (50.0) 67 (63.2) 

Total 21 (100) 30 (100) 26(100) 23 (1 00) 6 (100) 106 (100) 

Likel ihood ratio X2 = 1.306 
OF = 4 
p = .86 
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Table 4.28. Student information (hearing aids) by program size 

Student Program Size 
Info (HA) 1-20 21-60 61-140 141-280 281-1139 Total 

Info 18 (90.0) 26 (89.7) 29 (100) 20 (87.0) 5 (83.3) 98 (91.6) 

No info 2 (10.0) 3 (10.3) 0 (0) 3 (13.0) (16.7) 9 (8.4) 

Total 20 (100) 29 (100) 29(100) 23(100) 6(100) 107(100) 

Likel ihood ratio X2 = 6.269 
OF = 4 
p = .17 

Table 4.29. Student information (auditory trainers) by program size 

Student Program Size 
I nfo (AT) 1-20 21-60 61-140 141-280 281-1139 Total 

Info 16 (88.9) 26 (86.7) 27 (96.4) 17 (85.0) 3 (60.0) 89 (88. 1) 

No info 2 (11.1) 4 (13.3) (3.6) 3 (15.0) 2 (40.0) 12 (11.9) 

Total 18(100) 30(100) 28 (100) 20 (100) 5 (100) 101 (100) 

Li ke1 ihood ratio X2 = 5.254 
OF = 4 
p = .26 
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Table 4.30. Parent information by program size 

Parent 
Info 

Info 

No info 

Total 

Likel ihood 
OF = 4 
p = .63 

Program Size 
1-20 21-60 61-140 141-280 281-1139 Total 

17 (81.0) 26 (83.9) 23 (79.3) 19 (82.6) 6 (100) 91 (82.7) 

4 (19.0) 5 (16.1) 6 (20. ]) 4 (17.4) 0 (0) 19 (17.3) 

21 (1 00) 31 (100) 29 (100) 23(100) 6 (100) 110(100) 

ratio X2 = 2.575 

Table 4.31. Teacher inservice instructions (INSV) by program size 

Teacher 
INSV 

INSV 

No INSV 

Total 

Li kel i hood 
OF = 4 
p = .001 ;', 

Program Size 
1-20 21-60 61-140 141-280 281-1139 Total 

2 (10.0) 18 (60.0) 17 (58.6) 12 (52.2) 4 (66.7) 53 (49.1) 

18 (90.0) 12 (40.0) 12 (41.4) 11 (47.8) 2 (33.3) 55 (50.9) 

20(100) 30(100) 29 (100) 23 (1 00) 6 (100) 108 (100) 

ratio X2 = 17.483 



Relationship of Personnel to Preferred 
Monitoring and Maintenance Variables 
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Question 5 addresses the relationship between employed personnel 

such as audiologists and hearing aid technicians and preferred monitor-

ing and maintenance practices. Because a very small number of programs 

were found to use technicians in their monitoring and maintenance sys-

tems, relationships using this variable would not have yielded meaning-

ful results and were, therefore, not explored. Also, the small 

percentage of programs reporting neither full-time nor part-time 

audiologists created small cell sizes such that it was statistically 

and theoretically inappropriate to use the personnel variable, audiolo-

gist, in this way. The analysis for question 5 was revised to focus on 

the relationship between the employment of IIfull-time audiologist ll and 

preferred direct monitoring and maintenance practices. 

Data for observed frequencies and percentages for question 6 

are contained in Tables 4.32 through 4.36. The X2 statistics, degrees 

of freedom (OF), and probabil ities for tables are included at the end 

of each table. 

No statistically significant relationships were obtained 

between full-time audiologists and the following monitoring and main-

tenance variables: hearing aid monitoring frequency (Table 4.32), 

auditory trainer monitoring frequency (Table 4.33), hearing aid loaner 

program (Table 4.34), hearing aid loaner time (Tables 4.35 and 4.36), 

earmold replacement program (Table 4.41), and student, parent, or teach-

er instructional/inservice programs (Tables 4.42 through 4.45). A 

significant positive relationship was revealed between the employment 



Table 4.32. Hearing aid monitoring frequency (FREQ) by 
full-time audiologist 

FREQ Audiologist No Audiologist 

Oa i 1 y 51 (53.1) 25 (62.5) 

Not daily 45 (46.9) 15 (37.5) 

Total 96 (100) 40 (100) 

Li kel i hood ratio X2 = 1.015 
OF = 1 
p = .31 

76 

45 

136 

Table 4.33. Auditory trainer monitoring frequency (FREQ) by 
full-time audiologist 

76 

Total 

(55.9) 

(44.1) 

(100) 

FREQ Audiologist No Audiologist Total 

Oai 1 y 48 (51.1) 21 (48.8) 69 (50.4) 

Not da i 1 Y 46 (48.9) 22 (51 .2) 68 (49.6) 

Total 94 (100) 43 (100) 137 (100) 

Like1 ihood ratio X2 = .059 
DF = 1 
p = .80 
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Table 4.34. Hearing aid loaners by full-time audiologist 

Loaners Audiologist No Audiologist Total 

Loaners 81 (88.0) 30 (76.9) 111 (84.7) 

No loaners 11 (12.0) 9 (23.1) 20 (15.3) 

Total 92 (100) 39 (100) 131 (100) 

Likel ihood ratio X2 = 2.466 
OF = 1 
p = .12 

Table 4.35. Hearing aid loaner time by full-time audiologist 

Time Audiologist No Audiologist Total 

LE 1 day 33 (45.2) 9 (33.3) 42 (42.0) 

2-3 days 19 (26.0) 5 (18.5) 24 (24.0) 

4 days to 1 week 5 (6.8) 5 (18.5) 10 (10.0) 

Greater than 1 week 8 (11.0) 4 (14.8) 12 (12.0) 

Other 8 (11.0) 4 (14.8) 12 (12.0) 

Total 73 (100) 27 (100) 100 (100) 

Like1 ihood . X2 rat 10 = 4.028 
OF = I~ 
P = .40 



Table 4.36. Hearing aid loaner time by full-time audiologist 
(condensed) 

Time Audiologist No Audiologist Total 

78 

LE 1 day 33 (45.2) 9 (33.3) 42 (42.0) 

> 1 day 40 

Total 73 

Likel ihood ratio X2 = 1.159 
OF = 1 
p = .28 

(54.8) 

(100) 

18 (66.7) 58 (58.0) 

27 (100) 100 (100) 

of full-time audiologists and the following monitoring and maintenance 

variabl~s: auditory trainer loaner programs (Table 4.37), auditory 

trainer loaner time {time required to obtain a loaner auditory 

trainer (Tables 4.38 and 4.39), and electroacoustic analysis of 

ampl ification (Table 4.40). 

Three variables had strong but non-significant relationships 

with full-time audiologists. They were: inservice training, hearing 

aid loaner programs, and hearing aid loaner time. 
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Table 4.37. Auditory trainer loaners by full-time audiologist 

Loaners Audiologist No Audiologist Total 

Loaners 88 (95.7) 33 (82.5) 121 (91 .7) 

No loaners 4 (4.3) 7 (17.5) 11 (8.3) 

Total 92 (100) 40 (100) 132 (100) 

Li kel ihood ratio X2 
= 5.719 

OF = 1 
p = • 02 ~" 

Table 4.38. Auditory trainer loaner time by full-time audiologist 

Time Audiologist No Audiologist Total 

LE 1 day 46 (62.2) 11 (45.8) 57 (58.2) 

2-3 days 13 (17.6) 2 (8.3) 15 (15.3) 

4 days to 1 week 7 (9.5) 4 (16.7) 11 (11 .2) 

Greater than 1 week 2 (2.7) 5 (20.8) 7 (7. 1 ) 

Other 6 (8.1) 2 (8.3) 8 (8.2) 

Total 74 (100) 24 (100) 98 (100) 

Likel ihood ratio X2 = 9.612 
OF = 4 
p = .04 * 
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Table 4.39. Auditory trainer loaner time by full-time audiologist 
(condensed) 

Time Audiologist No Audiologist 

LE day 46 (62.2) 11 (45.8) 

> day 28 (37.8) 13 (54.2) 

Total 74 (100) 24 (100) 

Li ke 1 i hood ratio X2 
= 1.965 

DF = 1 
p = .16 

Table 4.40. Electroacoustic analysis (EAA) by full-time 
audiologist 

EAA Audiologist No Audiologist 

EAA 74 (83.1) 27 (67.5) 

No EAA 15 (16.9) . 13 (32.5) 

Total 89 (100) 40 (100) 

Li kel i hood ratio X2 = 3.793 
DF = 1 
p = .05;~ 

Total 

57 (58.2) 

41 (41.8) 

98 (100) 

Total 

101 (78.3) 

28 (21.7) 

129 (100) 



Table 4.41. Earmold (EMRP) replacement program by full-time 
audiologist 

EMRP Audiologist No Audiologist 

EMRP 39 (42.4) 15 (35.7) 54 

No EMRP 53 (57.6) 27 (64.3) 80 

Total 92 (100) 42 (100) 134 

Likel i hood ratio X2 
= .539 

OF = 1 
p = .46 

Table 4.42. Student information (hearing aids) by full-time 
audiologist 

Student Info Audiologist No Audiologist 

81 

Total 

(40.3) 

(59.7) 

(100) 

Total 

Student info 91 (95.8) 37 (90.2) 128 (94.1) 

No student info 4 (4.2) 

Total 95 (100) 

Likel ihood ratio X2 = .868 
OF = 1 
p = .35 

4 (9.8) 8 (5.9) 

41 (1 00) 136 (100) 



Table 4.43. Student information (auditory trainers) by 
full-time audiologist 

Student Info Audiologist 

Student info 81 (93.1) 

No student info 6 (6.9) 

Total 87 (100) 

Likel ihood ratio X2 = .868 
OF = 1 
p = .35 

No Audiologist 

37 (88.1) 

5 (11.9) 

42 (100) 

Table 4.44. Parent information by full-time audiologist 

Parent Info Audiologist 

Pa rent info' 80 (84.2) 

No parent info 15 (15.8) 

Total 95 (100) 

Likel ihood ratio X2 = 2.069 
OF = 1 
p = .15 

No Audiologist 

35 (81.4) 

8 (18.6) 

43 (100) 

82 

Total 

118 (91.5) 

11 (8.5) 

129 (100) 

Total 

115 (83.3) 

23 (16.7) 

138 (100) 



Table 4.45. Teacher inservice training by full-time audiologist 

Teacher 
Inservice Audiologist No Audiologist Total 

83 

Inservice 

No inservice 

Total 

55 

41 

96 

(40 .1) 

(29.9) 

(100) 

18 

23 

41 

(43.9) 

(56.1 ) 

(100) 

73 

64 

137 

(53.3) 

(46.7) 

(100) 

Likel ihood ratio X2 = 2.069 
OF = 1 
p = .15 

Relationship of Placement Characteristics 
to Preferred Monitoring and 

Maintenance Procedures 

Research question 6 examined the relationship of student place-

ment characteristics to monitoring and maintenance practices. Relevant 

f bl X2.. d f f d d requency ta es, percentages, statistics, egrees 0 ree om an 

probabil ities are contained in Tables 4.46 through 4.60. 

The relationship between the variable school type (residential 

vs. publ ic day program), and 12 monitoring and maintenance variables 

was examined. Relationships between other placement variables and 

monitoring and maintenance practices could not be meaningfully explored. 

The descriptive information gathered as part of program identification 

on the surveys indicated that very few responding programs were only 

itinerant or used only oral communication or only manual communication 

methodologies. Therefore, it would not have been feasible or 
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Table 4.46. Hearing aid monitoring frequency (FREQ) by placement 

FREQ Publ ic Residential Total 

Oa i 1 y 60 (56.1) 17 (53.1 ) 77 (55.4) 

Not da i 1 y 47 (43.9) 15 (46.9) 62 (44.6) 

Total 107 (100) 32 (100) 139 (100) 

Likel ihood ratio X2 = .087 
OF = 1 
p = .76 

Table 4.47. Auditory trainer monitorin~ frequency (FREQ) by placement 

FREQ Pub 1 i c Residential Total 

Oa i 1 y 53 (49.1> 17 (53.1) 70 (50) 

Not da i 1 Y 55 (50.9) 15 (46.9) 70 (50) 

Total 108 (100) 32 (100) 140 (100) 

Like1 ihood ratio X2 = .162 
OF = 1 
p = .68 



Table 4.48. Hearing aid loaners by placement 

Loaners Publ ic Residential 

Loaners 87 (83.7) 27 (90.0) 

No loaners 17 (16.3) 3 (10.0) 

Total 104 (100) 30 (100) 

Like1 ihood ratio X2 = .798 
OF = 1 
p = .37 

Table 4.49. Hearing aid loaner time by placement 

Time Publ ic Residential 

LE 1 day 29 (38.2) 13 (50.0) 

2-3 days 19 (25.0) 5 (19.2) 

4 days to 1 week 9 (11 .8) (3.8) 

> 1 week 9 (11.8) 4 (15.4) 

Other 10 (13.2) 3 (11. 5) 

Total 76 (100) 26 (100) 

Li ke 1 i hood ratioX2 =1.111 
OF = 1 
p = .29 

85 

Total 

114 (85.1) 

20 (14.9) 

134 (100) 

Total 

42 (41.2) 

24 (23.5) 

10 (9.8) 

13 (12.7) 

13 (12.7) 

102 (100) 
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Table 4.so. Hearing aid loaner time by placement (condensed) 

Time Publ ic Residential 

LE 1 day 29 (38.2) 13 (SO.O) 

> 1 day 47 (61.8) 13 (SO.O) 

Total 76 (100) 26 (100) 

Li kel ihood rat i 0 X2 = 1.111 
OF = 1 
p = .29 

Table 4.S1. Auditory trainer loaners by placement 

Loaners Publ ic Residential 

Loaner 92 (88.S) 31 (100) 

No loaner 12 (11. S) 0 (0) 

Total 104 (100) 31 (100) 

Li kel ihood ratio X2 = 6.603 
OF = 1 
p = .01;~ 

Total 

42 (41.2) 

60 (S8. 8) 

102 (100) 

Total 

123 (91 .1) 

12 (8.9) 

13S (100) 
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Table 4.52. Auditory trainer loaner time by placement 

Time Publ ic Residential Total 

LE 1 day 36 (50.7) 22 (78.6) 58 (58.6) 

2-3 days 13 (18.3) 2 (7.1) 15 (15.2) 

4 days to 1 week 9 (12.7) 2 (7.1) 11 (11.1) 

>1 week 7 (9.9) 0 (0) 7 (7.1) 

Other 6 (8.5) 2 (7.1 ) 8 (8. 1 ) 

Li ke 1 i hood ratio X
2 

= 9.729 
OF = 4 
p = • 04~'r 

Table 4.53. Auditory trainer loaner time by placement (condensed) 

Time 

LE 1 day 36 

> 1 day 35 

Total 71 

Li ke 1 i hood ratio X2 = 6.800 
OF = 1 
p "" .0098* 

Publ i c 

(50.7) 

(49.3) 

(100) 

Residential 

22 (78.6) 

6 (21.4) 

28 (100) 

Total 

58 (58.6) 

41 (41.4) 

99 (100) 
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Table 4.54. Electroacoustic analysis (EAA) by placement 

EAA Publ i c Residential Total 

EAA 79 (78.2) 24 (80.0) 103 (78.6) 

No EAA 22 (21.8) 6 (20.0) 28 (21.4) 

Total 101 (100) 30 (100) 131 (100) 

Likel ihood ratio X2 = .044 
OF = 1 
p = .83 

Table 4.55. Earmold (EMRP) replacement program by placement 

EMRP Publ i c Residential Total 

EMRP 39 (36.8) 16 (51.6) 55 (40.1) 

No EMRP 67 (63.2) 15 (48.4) 82 (59.9) 

Total 106 (100) 31 (100) 137 (100) 

Likel ihood . X2 rat 10 = 2. 161 
OF = 1 
p = .14 
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Table 4.56. Student information on hearing aids by placement 

Student 
Information 

Information 

No information 

Total 

Likel ihood . X2 rat 10 = 
OF = I 
p = .02,,. 

Publ i c 

98 (91.6) 

9 (8.4) 

107 (100) 

4.759 

Residential Total 

31 (100) 129 (93.5) 

0 (0) 9 (6.5) 

31 (100) 138 (100) 

Table 4.57. Student information on auditory trainers by placement 

Student 
Information 

Information 

No information 

Total 

Likel ihood ratio X2 = 6.593 
OF = I 
p = .01·" 

89 

12 

101 

Publ ic Residential Total 

(88. I ) 30 (100) 119 (90.8) 

(11 .9) 0 (0) 12 (9.2) 

(100) 30 (100) 131 (I 00) 



Table 4.58. Parent information by placement 

Parent 
Information 

Information 

No information 

Total 

Likel ihood ratio X2 
= .354 

OF = 1 
p = .55 

91 

19 

110 

Pub1 ic Residential 

(82.7) 27 (87.1) 

(17 .3) 4 (2.8) 

(100) 31 (100) 

Table 4.59. Teacher inservice by placement 

Teacher 
Inservice 

Inservice 

No inservice 

Total 

Li ke 1 i hood . X2 rat 10 = 
OF = 1 
p = .17 

53 

55 

108 

1 .801 

Publ i c Residential 

(49.1) 20 (62.5) 

(50.9) 12 (37.5) 

(100) 32 (100) 

90 

Total 

118 (83.7) 

23 (16.3) 

141 (100) 

Total 

73 (52.1) 

67 (47.9) 

140 (100) 
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Table 4.60. Full-time (FT) audiologist by placement 

Audiologist Publ ic Residential Total 

FT audiologist 

No FT audiologist 

Total 

64 (58.2) 32 

46 (41.8) a 

110 (100) 32 

(100) 

(a) 

(100) 

96 (67.6) 

46 (32.4) 

142 (100 

Likel ihood ratio X2 = 28.819 
OF = 1 
p = .Op': 

meaningful to examine relationships between these variables and 

monitoring and maintenance practices in answering research question 6. 

No statistically significant relationships were obtained between 

the placement characteristic, school type, and the following monitoring 

and maintenance variables: hearing aid monitoring frequency (Table 

4.46), auditory trainer monitoring frequency (Table 4.47), hearing aid 

loaners (Table l:,"~48), hearing aid loaner time (Tables 4.49 and 4.SO), 

electroacoustic analysis program (Table 4.S4), parent information 

(Table 4.S8), earmold replacement program (Table 4.SS), and teacher 

inservice (Table 4.S9). The latter two variables, earmold replacement 

program and teacher inservice, revealed a relatively strong relation

ship that may be practically significant. However, the X2 probabil ities 

associated with the relationship did not reach a significance level of 

.OS. 
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Four monitoring and maintenance variables were found to be 

related to program type. Auditory trainer loaners (Table 4.51), 

auditory trainer loaner time (time required to obtain a loaner, 

Tables 4.53 and 4.53), student instruction on hearing aids 

(Table 4.56), and student instruction on auditory trainers (Table 4.57) 

were found to have statistically significant X2 probabil ity values 

with the placement variable, program type. Specifically, having audi-

tory trainer loaner programs (Table 4.51), less amount of time required 

to obtain auditory trainer loaners (Tables 4.52 and 4.53) and both 

types of student instruction programs (Table 4.56 and Table 4.57) were 

found at a statistically significant level to be more available in 

residential schools than in publ ic day schools. In addition, full-time 

audiologists were employed in residential schools significantly more 

than they were in publ ic day school programs (Table 4.60). 

Association of Personnel and Placement 
Characteristics with Preferred 

Monitoring and Maintenance Practices 

Research question 7 asks: What combination of characteristics 

are associated with preferred monitoring and maintenance practices? 

Because of the small cell sizes resulting from the five program size 

strata, the size variable was not included in the examination of the 

three-way relationships used to answer question 7. To determine those 

three-way relationships that fit the data, the variables, audiologist 

(full-time) and school placement were examined. Associations among 

these two variables and the following five preferred monitoring and 

maintenance practices were examined: daily checks for hearing aids 
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(Table 4.60), daily checks for auditory trainers (Table 4.60), hearing 

aid loaner (Table 4.60), auditory trainer loaners (Table 4.60), and 

electroacoustic analysis (Table 4.59). Altogether, five three-way 

relationships were tested to answer research question 7. 

Several 109-1 inear models were fit to the data for each three-

way relationship tested. Two steps are involved in selecting the model 

of best fit (i.e., the model that best explains the relationships). 

Step one requires selecting the most parsimonious (least complex) model 

2 that has a non-significant X value. Step two involves selecting a 

successive model or models with non-significant X2 values, which are 

hierarchical to the previously selected model. If no model hierarchical 

to the selected model results in significant improvement in the fit of 

the model to the data, then the selected model is the model of best fit. 

If a model hierarchical to the selected model results in significant 

improvement in model fit, then it becomes the selected model and the 

process is repeated until a subsequent hierarchical model or models 

fails to result in improvement in model fit. 

The following example illustrates the process that was used to 

select the best model to fit the relationship among the variables: 

full-time audiologist (F), placement (p), and electroacoustic analysis 

(E) (Table 4.61). Modell, the model of independence, does not fit the 

2 data very well and has a relative large X and a probabil ity <.05 

associated with it. A less parsimonious model (i .e., a model with more 

effects) is Model 4. The X2 associated with this model is not signifi-

cant at the .05 level and thus is an adequate model to explain the 



Table 4.61. Data for determination of model fit for the relationship 
among full-time audiologist iF), placement (p), and 
electroacoustic analysis (E) 

Model OF 
Likel iho~d 
Ratio X Probabil ity 

Model 1 F, P, E 4 30.28 0.0000 (model of 
independence) 

Model 2 F, PE 4 30.21 0.0000 

Model 3 P, FE 3 26.48 0.0000 

Model 4 E, FP 2 4.11 0.1238 

Model 5 FP, FE 0.31 0.5759 

Model 6 FE, PE 2 26.42 0.0000 

Model 7 PE, FP 4.04 0.0445 

Model 8 FP, FE, PE 0 0.00 1 .0000 

lAdjoining letters signify relationships between the variables 
represented by the letters. 

data. However, an examination of Model 5 reveals that it also fits 

the data but with a smaller X2 value. A test of the improvement in 

model fit of Model 5 over Model 4 can be made by subtracting the X2 

values associated with each model and subtracting the associated 

degrees of freedom. This X2 value is 3.80 with 1 degree of freedom. 

The improvement in fit is not significant at the .05 level (although it 

is very close), which suggests that Model 5 does not fit the data 

better than Model 4. Therefore, the model that best explains the data 
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is Model 4 (E, FP) which says that full-time audiologist (F) is 

related to placement (p), but that neither is related to electroacoustic 

analysis. The latter finding is inconsistent with a significant rela

tionship between electroacoustic analysis and full-time audiologist 

revealed in the two-way analyses performed for research question 5 

(Table 4.40). This discrepancy is explained by the loss of power (from 

smaller cell sizes) that results from three-way versus two-way 

analyses. 

Results from the four additional analyses of three-way rela

tionships and determination of best model fit are summarized below in 

Table 4.62. Variable designations are defined as: H = hearing aid 

monitoring frequency; A = auditory trainer monitoring frequency; L = 

hearing aid loaner program; T = auditory trainer loaner program; P = 

school placement; F = full-time audiologist. The models of best fit 

for each of the three-way relationships tested provide evidence to say 

that no three-way interactions are needed to explain the data. 



Table 4.62. Summary of log-l inear models for three-way relation
ships among full-time audiologist (F) ,hearing aid 
monitoring frequency (H), auditory trainer monitoring 
frequency (A), hearing aid loaner program (L), auditory 
trainer loaner program (T), and placement (p) 

Variables 
Tested 

H F P 

A F P 

L F P 

T F P 

Model of 
Best Fit 

H, FP 

A, FP 

L, FP 

TP, FP 

Explanation of Model 

Full-time audiologist is 
related to plncement but neither 
is related to hearing aid 
monitoring frequency. 

Full-time audiologist is 
related to placement but neither 
is related to auditory trainer 
monitoring frequency. 

Full-time audiologist is 
related to placement but neither 
is related to hearing aid loaner 
prog ram. 

Full-time audiologist is 
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related to placement and auditory 
trainer loaner program is related 
to placement. 



Instructional Components 

Teacher, parent, and student instruction are considered to be 

indirect monitoring and maintenance practices and are the focus of 

research questions 8 and 9 of the study. Research question 8 asked: 
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What type of instruction on ampl ification unit monitoring and mainten

ance has been provided to teachers, students, and parents? The avail

abil ity of these components was addressed in items 12, 23, and 26 of 

the teacher survey. The survey items on availabil ity were designed to 

determine if any instructional component existed and if the instruction

al component was provided through the audiology program, the educational 

program, a combination of the two or through some other arrangement. 

Teacher Instruction 

Teachers reported if and where they received their preservice 

and/or inservice instruction on monitoring and maintaining ampl ifica

tion. Of the 142 teachers responding, 83.3% (119) reported col lege/ 

univeriity level training. However, only 52.1% (74) reported receiving 

formal inservice training. The data are reported in Table 4.63. 

Parent Instruction 

Teachers reported that information about hearing aid mainten

ance had been provided to parents by audiologists and/or educational 

programs. Only 17.0% (24) of respond~nts reported that no information 

was routinely provided to parents. Teachers from 62.4% (88) of programs 

reported that information was provided to parents by audiologists as 

part of the child's audiological evaluation. Information provided by 

the school was reported by 39.4% (54) of respondents (see Table 4.64). 



Table 4.63. Teachers' training in monitoring and maintenance 
as reported by teachers (N = 145) 

Training Type 

University lev~l (preservice) 

Professional level (inservice) 

Profess i ona 1 1 eve 1 (i nforma 1 ) 

Other 
Workshops by factory representatives 
Li ng workshop 
Self-study 
Workshops at conferences 
From audiologists when she visits classroom 
As requested from educational audiologist 

% 

83.8 

52.1 

64.1 

14. 1 

Table 4.64. Parent instruction in monitoring and maintenance 
as reported by teachers (N = 141) 

Parent Instruction 

Information not routinely provided 

Information provided by audiologist 
as part of evaluation 

Provided by school outreach/intervention 

Other 
Through individual conferences 

with teacher, communication special ist 
On individual basis as needed 

% 

17.0 

62.4 

39.4 

19.6 

N 

(119) 

(?4) 

(91) 

(21) 

N 

(24) 

(88) 

(54) 

(27) 

98 
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Student Instruction 

Teachers reported that student instruction in monitoring and 

maintenance occurs for hearing aids in 62.3% (83) of programs and for 

auditory trainers in 63.4% (71) of programs. Also, teachers noted that 

audiologists provided instruction on hearing aids in 52.6% (70) of their 

programs and on auditory trainers in 32.1% (36) of their programs. 

Table 4.65 reveals percentages for student instruction in monitoring, 

maintenance and use of ampl ification as well as the source of instruc-

t ion. 

Table 4.65. Student instruction in monitoring and maintenance 
of hearing aids and auditory trainers (teacher data) 
(N = 133; N = i12) 

Hear i ng Aids Auditory Trainers 
Student Instruction % N % N 

Training not provided 6.7 (9) 10.7 (12) 

Training provided by audiologist 52.6 (70) 32.1 (36) 
as part of evaluation 

Training provided through school 62.3 (83) 63.4 (71) 
orientation/aural 
( re) hab i 1 i tat ion 

Other 15.0 (20) 16.0 (18) 
Individual instruction through 

teacher, speech-language 
pathologist and audiologist 

Part of student's IEP 
Parent does this 
Age makes this inappropriate 



Teacher Rating of 
Instructional Components 
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. Research question 9 asks: '~ow do teachers rate the instruction 

on ampl ification unit monitoring and maintenance provided to them, their 

students and the students' parents?" 

Ratings by teachers of monitoring and maintenance instructional 

components provided to them, their students and their students' parents 

are found in Table 4.66. 

Table 4.66. Teacher rating of school instruction/inservice on 
ampl ification for teachers, parents, and students 

Teacher Teacher Parent Student 
Preservice Inservice Instruction Instruction 
(N = 136) (N = 117) (N = 129) (N = 131) 
% N % N % N % N 

% Exceptionally 17.7 (24) 23.9 (28) 18.6 (24) 22.9 (30) 
good 

% Adequate If 0 . 4 (55) 54.7 (64) 49.6 (64) 59.5 (78) 

% Less than 30.9 (42) 18.8 (22) 27.1 (35) 15.3 (20) 
adequate 

% ~xceptionally 10.0 (15) 2.6 (3) 4.7 (6) 2.3 (3) 
poor 

Approximately 50% or more of teachers rated as "adequate" each of 

these instructional components. More than two-thirds of teachers rated 

the instructional component to each of the three groups as adequate or 

exceptionally good. Conversely, ratings of "less than adequate" or 
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"exceptionally poor" were given by less than one-third of teachers. 

Overall, acceptable ratings were given more often to student instruc-

tion and less often to parent instruction. Teachers were more critical 

of the preservice training they received with ratings of adequate or 

exceptionally good given by only 58.1% (79). 

Relationship of Inservice Training 
to Preferred Monitoring 

and Maintenance Variables 

In examining the results, it was noted that inservice training 

for teachers was strongly or significantly related to the variables: 

audiologist, strata, and placement. Although this variable was not a 

primary focus of the original research questions, it was decided that 

initial findings warranted further analysis of the relationship of the 

variable, teacher inservice, with other monitoring and maintenance 

variables. Inservice instruction is a factor that can be controlled 

and changed more easily than other variables that were examined. Also, 

providing effective inservice conceivably influences all aspects of 

monitoring and maintenance systems. Therefore, examining its relation-

ship to other variables should serve as a useful addition to describing 

relationships among monitoring and maintenance variables (see Tables 

4.67 through 4.78). 

Three monitoring and maintenance variables were found to be 

related significantly (p < .05) to teacher inservice. Auditory trainer 

monitoring frequency (Table 4.68), earmold replacement program 

(Table 4.74), and student instruction on hearing aids (Table 4.75) had 

significant positive relationships with inservice instruction. Schools 



Table 4.67. Hearing aid monitoring frequency (FREQ) 
by inservice training 

Inservice No Inservice 
FREQ % N % N 

Oa i 1 y 44 (61.1) 33 (50.8) 

Not daily 28 (38.9) 32 (49.2) 

Total 72 (100) 65 (100) 

Likel ihood ratio X2 = 1.486 
OF = 1 
P = .22 

77 

60 

137 

Table 4.68. Auditory trainer monitoring frequency (FREQ) 
by inservice training 

Inservice No Inservice 
FREQ % N % N 

Oa i 1 y 43 (58.9) 27 (41.5) 70 

Not da i 1 y 30 (41 .1) 38 (58.5) 68 

Total 73 (100) 65 (100) 138 

L ikel ihood ratio X2 = 4.169 
OF = 1 
p = . 04 ~'( 
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Total 

(56.2) 

(43.8) 

(l00) 

Total 

(50.7) 

(49.3) 

(l00) 
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Table 4.69. Hearing aid loaners by inservice training 

Inservice No Inservice 
Loaners % N % N Total 

Loaners 59 (84.3) 53 (85.5) 112 (84.8) 

No loaners 11 (15.7) 9 (14.5) 20 (15.2) 

Total 70 (100) 62 (100) 132 (100) 

Likel ihood ratio X2 = .037 
OF = 1 
p = .84 

Table 4.70. Hearing aid loaner time by inservice training 

Inservice No Inservice 
Time % N % N Total 

LE 1 day 24 (45.3) 18 (38.3) 42 (42.0) 

2-3 days 11 (20.8) 13 (27.7) 24 (24.0) 

4 days to 1 week 7 (13.2) 3 (6.4) 10 (10.0) 

> 1 week 6 (11 .3) 6 (12.8) 12 (12.0) 

Other 5 (9.4) 7 (14.9) 12 (12.0) 

Total 53 (100) 47 (100) 100 (100) 

Likel ihood ratio X2 = 2.647 
OF = 4 
p = .62 



104 

Table 4.71. Auditory trainer loaners by inservice training 

Inservice No Inservice 
Loaners % N % N Total 

Loaners 66 (93.0) 55 (88.7) 121 (91 .0) 

No loaners 5 (7.0) 7 (11.3) 12 (9.0) 

Total 71 (100) 62 (100) 133 (100) 

Likel ihood ratio X2 = .727 
DF = 1 
p = .39 

Table 4.72. Auditory trainer loaner time by inservice training 

Inservice No Inservice 
Time % N % N Total 

LE 1 day 36 (62.1) 22 (55.0) 58 (59.2) 

2-3 days 9 (15.5) 6 (15.0) 15 (15.3) 

4 days to 1 week 6 (10.3) 5 (12.5) 11 (11.3) 

> 1 week 3 (5.2) 4 (10.0) 7 (] . 1 ) 

Other 4 (6.9) 3 (7.5) 7 (7.1) 

Total 58 (100) 40 (100) 98 (100) 

Li kel ihood ratio X2 = .391 
DF = 1 
p = .53 
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Table 4.73. Electroacoustic (EAA) checks by inservice training 

Inservice No Inservice 
EAA % N % N Total 

EAA 56 (81.2) 46 (76.7) 102 (79.1) 

No EAA 13 (18.8) 14 (23.3) 27 (20.9) 

Total 69 (100) 60 (100) 129 (100) 

Likel ihood ratio X2 = .391 
OF = 1 
p = .53 

Table 4.74. Earmold replacement (EMRP) program by inservice training 

Inservice No Inservice 
EMRP % N % N Total 

EMRP 38 (54.3) 16 (24.6) 54 (40.0) 

No EMRP 32 (45.7) 49 (75.4) 81 (60.0) 

Total 70 (100) 65 (100) 135 (100) 

Likel ihood ratio X2 = 12.638 
OF = 1 
p = . 0004~'c 
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Table 4.75. Student information (hearing aids) by inservice 

Inservice No Inservice 
Student Info % N % N Total 

Student info 70 (97.2) 57 (89.1) 127 (93.4) 

No student info 2 (2.8) 7 (10.9) 9 (6.6) 

Total 72 (100) 64 (100) 136 (100) 

Likel ihood ratio X2 = 3.804 
OF = 1 
p = • 05~" 

Table 4.76. Student information (auditory trainers) by inservice 

Inservice No Inservice 
Student Info % N % N Total 

Student info 64 (92.8) 53 (88.3) 117 (90.7) 

No student info 5 (7.2) 7 (11 .7) 12 (9.3) 

Total 69 (100) 60 (100) 129 (100) 

Likel ihood ratio X2 = .742 
OF = 1 
P = .39 
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Table 4.77. Parent information by inservice 

Inservice No Inservice 
Parent Info % N % N Total 

Parent info 59 (80.8) 57 (86.4) 116 (83.5) 

No parent info 14 (19.2) 9 (13.6) 23 (16.5) 

Total 73 (100) 66 (100) 139 (100) 

Likel ihood ratio X2 
= .778 

DF = 1 
p = .38 

Table 4.78. Day school program size by inservice 

Inservice No Inservice 
School Size % N % N Total 

to 20 2 (3.8) 18 (32.7) 20 (18.5) 

21 to 60 18 (34.0) 12 (21 .8) 30 (26.9) 

61 to 140 17 (32.1 ) 12 (21 .8) 29 (26.7) 

141 to 280 12 (22.6) 11 (20.0) 23 (21.3) 

281 to 1139 4 (].5) 2 (3.6) 6 (5.6) 

Total 53 (100) 55 (100) 108 (100) 

Likel ihood ratio X2 = 17.483 
DF = 4 
p = . 002~" 
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with teacher inservice on monitoring and maintenance have statistically 

higher levels of daily auditory trainer monitoring, earmold replacement 

programs, and student instruction in monitoring and maintenance. 

Educational program size (Table 4.78), which was a program character-

istic, also had a positive relationship to inservice instruction. 

Specifically, larger educational programs had inservice instruction 

significantly more often than smaller educational programs. Inter-

estingly, inservice training was the only variable found to be 

significantly related to auditory trainer monitoring frequency. The 

variables: hearing aid monitoring frequency (Table 4.67), hearing aid 

loaners (Table 4.69), auditory trainer loaners (Table 4.71), e1ectro-

acoustic analysis (Table 4.73), parent information (Table 4.77), fu11-

time audiologist (Table 4.45), and educational placement (Table 4.60) 

were not significantly related to inservice training. However, the 

latter two variables were found to have strong positive relationships 

to inservice instruction but their relationships did not reach a 

significant level in either case. 

Comparison of Monitoring Systems 
to a Preferred Model 

Research question 10 asks: I~OW do monitoring systems in 

residential and pub1 ic day schools compare with a proposed model of 

preferred practice?" A model of monitoring and maintenance of amp1 ifi-

cation was developed to assist in comparing national practices with 

those that have been identified in the 1 iterature or by law as exemplary 

or required (see Appendix A). Daily monitoring and avai1abi1 ity of 
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electroacoustic analysis were the areas identified in the literature 

as minimal requirements. Table 4.79 reveals that national practices in 

monitoring ampl ification do not compare well with the minimal require-

ments of adequate monitoring procedures when one assumes that 100% of 

the programs should meet the minimal requirements. 

Table 4.79. Comparison of national monitoring practices with 
selected model monitoring practices 

Practices 

Daily monitoring of hearing aids 

Daily monitoring of auditory trainers 

Electroacoustic analysis of hearing aids 

When functioning of unit is questioned 

As part of routine audiologic evaluation 

Other (see Table 4.9) 

Electroacoustic analysis of auditory trainers 

When functioning of unit is questioned 

As part of routine audiologic evaluation 

Other (see Table 4.9) 

% 

54.1 

58.3 

58.9 

58.9 

17.0 

54.9 

43.4 

20.3 

N 

(73/135) 

(67/115) 

(76/129) 

(76/129) 

(22/129) 

(62/113) 

(49/113) 

(23/113) 



Comparison of Maintenance Practices 
to a Preferred Model 

Research question 11 asks: "How do maintenance systems in 

residential and publ ic day schools compare with a proposed model of 

preferred practice!' The model referred to in the previous section 

(see Appendix A) also outl ines preferred maintenance procedures and 

emphasizes loaner hearing aids, loaner auditory trainers, same day 

service for obtaining loaner hearing aids and au~itory trainers, a 
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system for obtaining new earmolds, and availabil ity of audiologists as 

critical and preferred components of maintenance systems. Table 4.80 

summarizes percentages of these components in the schools represented 

in this study. The gap between full compl iance with preferred mainten-

ance procedures and actual maintenance practice is clear. 

Table 4.80. Comparison of national maintenance practices with 
selected model maintenance practices 

% National Compliance 
Model Practices % N 

Loaner hearing aids (HA) 59.3 (89/150) 

One day service for loaner HA 41.3 (42/102) 

Loaner auditory trainers (AT) 68.6 (98/140) 

One day service for loaner AT 58.6 (58/99) 

Earmold replacement system for HA 60.1 (92/153) 

Earmold replacement system for AT 76.5 (107/140) 

Availabil ity of full-time audiologist 67.6 (96/142) 
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The two previous research questions ask for a comparison of 

national monitoring and maintenance practic~s with selected critical 

components of preferred systems. Specific compl iance levels for 

individual components are indicated in Tables 4.4 through 4.15. To 

obtain a general impression of percentages of programs that might have 

model monitoring and maintenance programs, an analysis was performed 

to determine those programs that had all of the following preferred 

monitoring and maintenance procedures: daily visual and 1 istening 

checks of hearing aids, daily visual and 1 istening checks of auditory 

trainers, a hearing aid loaner program with hearing aid loaners avail

able in one day, an auditory trainer loaner program with auditory 

trainer loaners available in one day, and inservice training for 

teachers. Many desirable monitoring and maintenance components are not 

included in this model, and it may be interpreted by some as being too 

minimal. Nevertheless, only 45.9% (67/146) of the teachers indicated 

that their school IS monitoring and maintenance systems were in 

comp1 iance with this model. 

Summary of Significant Results 

A description of national practices in monitoring and maintain

ing ampl ification for hearing-impaired students revealed numbers and 

percentages of teachers and administrators reporting various system 

components. The detailed descriptions in the previous sections indi

cated that many programs have not yet implemented preferred procedures 

in most areas of monitoring and maintenance practice. In addition, 

three program characteristics: hearing-impaired program size, 



full-time audiologist, and school type (residential vs. publ ic day); 

and one program instructional characteristic, teacher inservice, 
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were examined to determine what relationship (if any) they had to the 

12 preferred monitoring and maintenance variables 1 isted in Table 4.81. 

The table indicates significant positive relationships between: 

pr?gram size and teacher inservice training, full-time audiologist and 

auditory trainer loaner program, full-time audiologist and auditory 

trainer loaner time, full-time audiologist and electroacoustic analysis, 

residential schools and auditory trainer loaner program, residential 

schools and auditory trainer loaner time, residential s~hools and 

student information on hearing aids, residential schools and student 

information on auditory trainers, teacher inservice and auditory 

trainer monitoring frequency, teacher inservice and earmold replacement 

program, and teacher inservice and student information on hearing aids. 

In addition, a significant positive relationship was revealed 

between full-time audiologist and program size (for publ ic day school 

programs) and between full-time audiologist and residential schools. 

These and other results are discussed in Chapter 5. 



Table 4.81. Relationship between program size (S), full-time 
audiologist (A), school placement type (p), 
teacher inservice (I), and twelve monitoring 
and maintenance variables 

Monitoring and Maintenance Variables S A 

Hearing aid monitoring frequency 

Auditory trainer monitoring frequency 

Hearing aid loaners * 
Time to obtain hearing aid loaners 

Auditory trainer loaners *";~ 

Time to obtain auditory trainer loaners *,'t 

Electroacoustic analysis programs ,b't 

Earmold replacement program 

Student instruction on hearing aids "it: 

Student instruction on auditory trainers 

Parent instruction on ampl ification 

Teacher inservice * 

= Two-way relationship revealed no strong or significant 
association (p <.20) 

,'t = Two-way relationship revealed strong but non-significant 
association (p <.05 and p <.20). 

**= Two-way relationship revealed significant relationship 
(p<.05) 

NA= Not appl icable 

P 

-;':*;': 

"i'~'''': 

"i': 

*;':-;': 

-;':-;': 
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*;':"i': 

-;':-;': 

NA 



CHAPTER 5 

DISCUSSION, CONCLUSIONS, AND RECOMMENDATIONS 

A national study of ampl ification monitoring and maintenance 

practices in programs for children with hearing impairment examined the 

extent to which residential and public day schools are complying with 

federal law and preferred professional procedures. Findings involving 

specific components of monitoring and maintenance systems were obtained 

from 310 respondents for 11 research questions. These questions and 

summaries of results provide the basis for the discussion, conclusions, 

and recommendations presented below. 

Discussion of Major Findings 

Research Question 

The study answered research question 1 by showing that the 

majority of schools among those surveyed had some system of monitoring 

and maintaining ampl ification. Approximately 10% of the school programs 

did not monitor hearing aids, 33% did not maintain hearing aids; 14% 

did not monitor auditory trainers and 20% did not maintain auditory 

trainers. Rates for monitoring hearing aids were over 20% higher than 

rates for maintaining them, while auditory trainer monitoring and 

maintenance rates were comparable. These findings may be related to 

the fact that auditory training devices, unl ike hearing aids, are 

usually acquired and owned by the educational agency. 

114 
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Publ ic Law 94-142 and its regulations fail to specify the nature 

and frequency of services required to ensure proper functioning of 

amp1 ification devices for students. This might lead one to conclude 

that relatively high monitoring and maintenance rates indicate general 

compl iance. However, the law states that the publ ic agency should 

"ensure" the proper functioning of hearing-impaired students' ampl ifi

cation (Federal Register, 1977). To do this, the troubleshooting system 

must not only be in place but must also be reasonably calculated to 

result in well functioning hearing aids and auditory training devices. 

Research Questions 2 and 3 

Components of effective systems have been studied and documented 

in the professional 1 iterature (Potts and Greenwood, 1983). Research 

questions 2 and 3 examined the frequency of specific monitoring and 

maintenance components. The most often cited program components that 

represent effective and direct services are: daily visual and listening 

checks, regular electroacoustic analysis, and loaner ampl ification 

systems. These were not available in many of the programs surveyed. 

Each of these service components is discussed in more detail below. 

One of the most apparent deviations from preferred practice was 

found in the less than daily monitoring frequency noted for 45.9% (62) 

of hearing aid monitoring systems and 41.7% (48) of auditory trainer 

monitoring systems. However, these figures represent a considerable 

improvement over the daily monitoring practice in 29% of school programs 

reported by Rawl ings and Trybus in 1978. Thus, some evidence exists to 

support the conclusion that the existence and frequency of 
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amplification monitoring and maintenance has improved since the imple

mentation of PL 94-142 in the 1977-78 school year. Although the data 

from the present study suggest an improvement in the percentage of 

teachers conducting visual and listening checks of amplification devices 

on a daily basis, the results are disturbing. Such checks represent 

one of the most effective procedures for ensuring proper functioning 

of the pupil's ampl ification device and are the simplest techniques to 

perform with available personnel. No compel 1 ing rationale for with

holding such services can be justified. Teachers, simply, are fail ing 

to provide a critical service as a part of their program management 

responsibility. This failure may be related to another finding in 

which nearly 50% of the teachers indicated that their schools did not 

provide them with inservice training. Also, among the public day and 

residential schools that did have inservice preparation, over 20% of 

the teachers evaluated the training as "1ess than adequate" or 

"except i ona 11 y poor. II 

Respondents indicated that electroacoustic analyses of amplifi

cation units generally are not performed at scheduled intervals other 

than during regular audiologic evaluations. Possible explanations for 

this practice will be covered in the discussion of research question 

six. Because the electroacoustic parameters of maximum output, gain, 

frequency response, harmonic distortion, and internal noise cannot be 

precisely determined by performing 1 istening checks, periodic electro

acoustic analysis has been recommended in the 1 iterature (Chial, 1977). 

No guidel ines exist for preferred time intervals for the checks. 

However, the most effective monitoring and maintenance program reviewed 



in Chapter 2 reported conducting electroacoustic analyses three times 

per school year (Potts and Greenwood, 1983). 
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Loaner amplification programs were available for hearing aids 

(HA) in 59.2% (89) of the responding programs and for auditory trainers 

(AT) in 68.6% (98) of school programs. However, loaners are frequent-

ly (S8.8%-HA; 41.4%-AT) unavailable on the day a malfunction is detected. 

Malfunction rates have been reported to approximate 25% in programs with 

daily monitoring (Kemker et al., 1979) and approach 50% in programs with 

less than daily monitoring (Ross, 1977b). This situation, combined 

with the relatively low number of programs with loaner systems and the 

excessive time in obtaining loaners leads to a distressing conclusion. 

In spite of apparent improvements in monitoring frequency, a substantial 

number of hearing-impaired students continue to attend programs with no 

daily monitoring system and no provision for providing loaner amp! ifica

tion when it is needed. As a result, many students (with easily 

repairable units) must compete in auditorily demanding classrooms while 

using improperly functioning ampl ification that is assumed to be func

tioning properly. Furthermore, a small number of students whose 

amplification malfunctions are detected, but require more extensive 

repairs, will not have immediate access to loaner systems. 

Findings from this study do not explain completely why some 

schools do not have loaner ampl ification programs or why those schools 

with loaner equipment experience varying time delays in providing 

loaner amplification. Factors such as availability of audiologists or 

availability of enough extra equipment at each school or in a central 

supply may influence the provision of this service. These and related 



findings are discussed in a subsequent section of this chapter that 

presents the results for research questions 5 and 6. 

Research Question 4 
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Analyses addressing research question 4 failed to support a 

relationship between program size for pub1 ic day schools (or LEAs) and 

any of the monitoring and maintenance variables except for teacher 

inservice training. Teacher inservice training was found to be posi

tively related to program size, which indicates that the largest 

schools more frequently provided for inservice training of teachers and 

the smallest schools did not. It may be that small school districts 

have fewer resources to devote to low-incidence programs and activities 

in a specialty area such as inservice on monitoring and maintenance. 

On the other hand, it should not be difficult for program administrators 

or teachers to obtain adequate information on appropriate practices. 

For example, numer0US sources have been identified by Musket (1981). 

Although the employment of a full-time audiologist was not 

treated as a monitoring and maintenance variable, but as a school 

personnel characteristic, it, too, \\las positively related to program 

size. This finding could be expected. The larger the school enroll

ment, the greater the demand for services of a full-time audiologist. 

The lack of significance between program size and the other 

monitoring and maintenance variables may have been influenced by a loss 

of statistical power resulting from the larger number of cells (due to 

the five "stratal! or levels of the size variable). Also, power was 

lost because of a decrease in the sample used to examine size 



relationships, which resulted from a necessary omission of the 

residential school respondents. 

Research Questions 5 and 6 
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In answering research questions 5 and 6, it was found that the 

personnel variable, full-time audiologist, and the placement variable, 

school type, were positively related to a number of preferred monitoring 

and maintenance procedures. For example, answers to question 5 indi

cated that employment of full-time audiologists had a significant 

positive relationship with the school having an auditory trainer loaner 

program, shorter time interval required to obtain auditory trainers, 

and the presence of electroacoustic analysis services. Also, employ

ment of a full-time audiologist had a strong but non-significant 

relationship with the school IS provision of a hearing aid loaner 

program and teacher training inservice program. 

The fact that a significant positive relationship existed 

between electroacoustic analysis and full-time audiologists is an 

expected finding in that the analysis must typically be performed by a 

person with graduate audiology training or its equivalent. Similarly, 

the existence of loaner programs and the time required to deliver loaner 

equipment generally is or should be related to the services provided by 

the audiology program. Typically, auditory trainers and hearing aids 

that are del ivered to children as loaners must be selected and adjusted 

so that the electroacoustic parameters of the instruments are appropri

ate to the childls hearing loss {e.g., degree and configuration of. 

loss, dynamic range, etc.}. The strong relationship observed between 



120 

audiologist and inservice training might also be anticipated in that 

the school audiologist is the professional most 1 ikely to perform 

monitoring and maintenance training for teachers and other personnel. 

The employment of full-time audiologist was not related to the 

frequency of monitoring and maintenance activities for hearing aids and 

auditory trainers. This is not surprising in that audiologists tend to 

assume a minimal role in daily checks and troubleshooting activities. 

These findings corroborate those from a national survey by Wilson

Vlotman and Blair (1984). Results from both studies indicate that 

teachers of the hearing impaired have the primary responsibil ity for 

ensuring the proper functioning of ampl ification devices for students. 

The present study confirmed the primary role of the teacher of the 

hearing impaired, and further indicated that this was the case when the 

educational program was classified as self-contained, resource, or 

itinerant. 

Although audiologists may be the best qual ified persons to 

implement and provide follow-up services to daily troubleshooting 

activities, they assume only a secondary supportive role to the teacher. 

This finding would have been expected given the number and diversity of 

placements for hearing-impaired students within a school district or 

intermediate education agency. Also, it has been documented that 

audiologists in the educational setting spend the largest proportion of 

their time in diagnostic activities (Wi 1 son-Vlotman and Blair, 1984), 

which would 1 imit the amount of time available for habilitative tasks. 

The desirabil ity of increasing the role of audiologists in daily 

monitoring and maintenance activities was not addressed in this study. 



The findings suggest that audiologists tend to be associated mostly 

with preferred maintenance tasks and not preferred monitoring tasks. 

That teachers have primary responsibil ity for monitoring was estab-

1 ished. The degree to which they perceive themselves to be prepared 

for the task is addressed later in the discussion of research ques

tion 9. 

Research question 6 examined the relationship of the educa

tional placement variable, school type (publ ic day or residential), 
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to preferred monitoring and maintenance procedures. The statistically 

significant results showed that residential schools in comparison with 

publ ic day schools in this sample had a higher rate of auditory trainer 

loaner programs, a shorter time to obtain loaner auditory trainers, and 

a higher rate of student information on hearing aids and auditory 

trainers. A strong, but non-significant, relationship was observed 

between residential schools and the presence of teacher inservice 

training and an earmold replacement program. Because residential school 

programs focus primarily on the educational needs of hearing-impaired 

children, the fact that they have more preferred monitoring and mainten

ance components is not surprising. It should be noted, however, that 

residential school placement is significantly related to employing an 

audiologist who provides certain services that teachers do not or can 

not del iver. In fact, all residential schools in this sample had at 

least one full-time audiologist. Thus, the higher proportion of 

audiologists in residential schools may be an intervening variable 

influencing the greater number of preferred practices found in the 

residential schools. Few per5uasive reasons can be posited for publ ic 
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day schools having the more 1 imited preferred practices, especially 

when program size was not identified as a major influencing factor in 

the provision of monitoring and maintenance services. However, school 

districts may encounter difficulty in acquiring the services of an 

audiologist or highly qual ified teachers, especially in small districts. 

Research Question 7 

Assessment to determine if any three-way relationships could 

provide a model that would fit the teacher data were performed to 

answer research question 7: What combination of characteristics are 

associated with preferred monitoring and maintenance practices. The 

models of best fit for the combination of variables tested did not 

include any complex three-way interactions between the placement 

characteristic, school type; the personnel characteristic, full-time 

audiologist; and five preferred monitoring and maintenance variables. 

It may be that no model hypothesizing a three-way relationship actually 

fits the data. However, the loss of statistical power (resulting from 

increased numbers of cells and decreased cell sizes in a three-way 

versus two-way table) may have been a mitigating factor. 

Research Questions 8 and 9 

Research questions 8 and 9 addressed the type of instruction on 

ampl ification monitoring and maintenance provided to teachers, parents, 

and students and the rating given by teachers to this instruction. As 

noted in an earl ier section of this chapter, previous research and 

evidence in this study indicate that teachers of the hearing impaired 

have the major responsibil ity for daily monitoring and maintenance 
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activities. Teacher aides, parents, and audiologists have an important 

contributing role (see Tables 4.10 and 4.11, Chapter 4). 

If teachers are to assume the primary responsibility, they must 

be competent in the use and troubleshooting of ampl ification units. 

Competency in deal ing with amplification units among teachers of the 

hearing impaired has not been establ ished in the research 1 iterature. 

Davis et al. (1981) and Wilson-Vlotman and Blair (1984) reported dis

crepant findings on self-perception of ampl ification competency among 

teachers of the hearing impaired in Iowa and Utah, respectively. The 

teachers' perceptions of their competency may be related to the level 

of preparation they have received for engaging in monitoring and main

tenance activities, but no data on this interrelationship were collected 

in the previous studies or in this study. Results from this study 

indicated that 83.8% (119) of teachers received preservice training but 

that over 41.7% (58) of them judged this training to have been less than 

adequate or exceptionally poor. Not only does this have impl ications for 

university level training but it suggests that local public day schools 

and residential schools must not assume monitoring and maintenance 

competencies among new or experienced teachers. Improved training at the 

college/university level and continued inservice training are indicated, 

because only about half (52.1, N = 74) of the teachers in this study had 

received formal inservice training on amplification monitoring and main

tenance. However, over 78% (92) of the teachers who did receive formal 

inservice instruction judged it to be adequate or exceptionally good. 
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Research Questions 10 and 11 

This investigation of national practices in monitoring and 

maintaining ampl ification systems revealed that while the majority of 

respondents' program~ had some system of monitoring and maintenance, 

daily equipment checks occurred in only 60% of programs; electro

acoustic analysis of equipment typically occurred only when the child 

was seen for audiologic evaluation or when a problem was suspected; 

hearing aid loaners were available in 59.3% (89) of schools, auditory 

trainer loaners were available in 68.8% (98) of programs that use 

auditory trainers; availability of loaners withrn one day occurred in 

41.3% (42) of schools for hearing aids and 58.6% (58) of schools for 

auditory trainers. Nearly one-third of the programs had less than one 

full-time audiologist; just over 50% of teachers received inservice 

training on monitoring and maintenance procedures. If all components 

noted above (except the personnel variable, audiologist) were considered 

in a model of minimal components for adequate monitoring and maintenance 

practices, then only 45.9% (67) of respondents' programs had acceptable 

systems. Thus, full compl iance with the mandate to ensure proper 

functioning of students' ampl ification has not been achieved. 

Impl ications for Education 

Hearing-impaired students with residual hearing are not 

receiving an appropriate education if their ampl ification devices are 

not used, poorly functioning, or non-functioning. Recognition of 

adequate ampl ification as a necessary requirement for appropriate 

education for hearing-impaired students is the basis of the federal 
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law's requirement to ensure properly functioning ampl ification. 

Educational agencies that serve hearing-impaired students need to 

evaluate their program to determine if a system of monitoring and main

taining ampl ification is in place and if that system has those compo

nents characteristic of effective systems. Appraisal systems for 

teachers of the hearing impaired should include proper monito~ing and 

maintenance activities as a criterion for evaluation. Inservice train

ing should be given to all new teachers and teachers needing assistance 

or review. Individual Educational Programs for hearing-impaired stu

dents who use ampl ification should include a plan for using preferred 

practices in monitoring and maintaining their hearing aids and auditory 

trainers. 

Program implementation procedures for proper monitoring and 

maintenance systems should be taught well in college training programs 

and should be a prerequisite to state education agency certifications 

and employment. To ensure proper functioning of ampl ification units as 

required by PL 94-142 regulations, state education agency compl iance 

monitoring and evaluation should include a review of ampl ification 

monitoring and maintenance procedures and records of malfunction 

statistics. 

Administrators of programs for the hearing impaired need to 

provide for personnel to troubleshoot ~mpl ification, offer inservice 

training for appropriate personnel, and make available the necessary 

tools/equipment and time to perform monitoring and maintenance 

activities. Specific considerations should be given to those compo

nents outl ined in the Model for Monitoring and Maintenance of 
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Amplification (Appendix A). According to data obtained in this study, 

54.1% of the schools have not achieved the level of qual ity in 

monitoring and maintenance programs that is needed to ensure proper 

functioning of children's hearing aids and auditory trainers. 

Recommendations for Further Research 

The high rate of ampl ification malfunction for hearing-impaired 

students is well documented in the research 1 iterature. The need to 

ensure the proper functioning of hearing aids and auditory trainers 

worn by school children has been repeatedly demonstrated and is required 

by law. This study has examined procedures used to monitor and maintain 

students' ampl ification to examine how well schools are complying with 

legal mandates and best practice. Conclusions are based primarily on 

results from data suppl ied by teachers in response to a five-page 

questionnaire. Efforts were made to develop a questionnaire that was 

both clear and comprehensive, yet short enough to be acceptable to 

respondents. Also, assurances were gi~en to respondents that no infor

mation on individual responses would be revealed. Some degree of self

selection of study participants occurred in that there was not a 

100% response rate from participants chosen with the stratified random 

sampl ing technique. 

To clarify, expand, and val idate the findings of this study, 

monitoring and maintenance practices should be assessed by conducting 

on-site evaluations at a representative number of residential and publ ic 

day school programs. This would be a difficult study to perform on a 

nationwide basis, but could be performed more easily on a statewide 



basis with assistance or coordination through state departments of 

education. Examining monitoring and maintenance in this way might 

avoid some of the 1 imitations imposed by the methodology employed in 

this study. 
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The current study did not examine whether or not teachers of the 

hearing impaired and the supervisors/administrators of their programs 

were aware that ensuring properly functioning student amp1 ification is a 

requirement of PL 94-142. It was assumed that their training and ex

perience provided them with an understanding of that specific require

ment of the law, but no evidence is available to substantiate this. 

Determining the extent to which teachers and administrators understand 

this requirement might assist in providing appropriate mechanisms for 

improving monitoring and maintenance practices. 

Also, no structured question on the survey asked teachers to 

identify the specific factors they felt detracted from their monitoring 

and maintenance efforts or what they felt might faci1 itate their 

programs' efforts to ensure properly functioning amp1 ification. Data 

volunteered by teachers suggested that further investigation on the 

effects of enhancing teacher inservice, parent and student instruction, 

audiological services, and loaner equipment may be useful. More 

specific data on teachers' perceptions of problems and possible solu

tions could assist in improving monitoring and maintenance programs. 

Whether or not residential and public day schools are monitored 

for their compl iance with this component of the law was also not 

addressed in this study. It would be helpful to know if state education 

agencies (SEAs) monitor schools' compl iance with this particular 
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PL 94-142 requirement. A state education agency review of ampl ification 

monitoring and maintenance systems using preferred practice crite~ia 

could provide incentive and guidance for schools in implementing 

effective practices. 

The results of this study suggested that inservice training may 

be an important factor in influencing preferred monitoring and mainten

ance practices. More teachers received preservice than inservice 

training and yet higher ratings were given more often to inservice 

training than to preservice training. Studies comparing instructional 

methods could assist colleges, residential schools, and public day 

schools in developing effective preservice and inservice training on 

preferred ampl ification monitoring and maintenance practices. 

Neither this nor previous studies has investigated the monitor

ing or maintenance of ampl ification systems used by hearing-impaired 

students who are mainstreamed and do not receive services from teachers 

of the hearing impaired. These students comprise a sizeable proportion 

of the hearing-impaired school population, may have teachers who are 

unprepared or unwill ing to perform monitoring and maintenance (Davis 

et al., 1981), and should be studied. 



I. Ph i losophy 

APPENDIX A 

MODEL GUIDELINES FOR MONITORING 
AND MAINTENANCE SYSTEMS 

Hearing-impaired children have a right to equal access to 
educational, social, and vocational opportunities. Language 
delay, the primary handicap imposed by a hearing impairment, 
is also the primary barrier to achieving equal success for 
hearing-impaired students. 

It is recognized that (1) the auditory channel is the most 
effective and efficient modal ity through which a spoken 
language can be learned and (2) the majority of hearing
impaired children have significant residual hearing that they 
can use for learning language and receiving instruction. 
Therefore, appropriate educational programs for hearing
impaired students must include procedures to ensure maximum 
exploitation of their residual hearing. 

II. Pol icy 

Every child with useable residual hearing shall be fit with 
appropriate personal and educational ampl ification systems. 
Except under extenuating circumstances, these systems shall 
be worn at school and at home. The educational agency, in 
cooperation with the student and his/her parents or guardians, 
shall implement procedures to ensure that ampl ification systems 
are properly functioning at home and at school. 

III. Personnel 

A. One audiologist for every 75 hearing-impaired students 
(Ross and Calvert, 1977) (including hearing-impaired 
students who may not be labeled hearing impaired but who 
use personal ampl ification, group and/or personal FM 
ampl ification, sound field ampl ification, or other 
assistive 1 istening devices). 

Additional audiologists should be hired if audiological 
services include screening and/or comprehensive audio
logical evaluations for children who fail screening. 
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B. Hearing aid paraprofessional or technician (may be 
teaching assistant or other aide, e.g., trained volunteer) 
who assists teacher with daily monitoring and maintenance 
activities. 

C. Electronics/amp1 ification technician (1:100-150 hearing
impaired students (Ross and Calvert, 1977). 

D. Teacher of the hearing impaired (responsible for daily 
troubleshooting). 

E. Speech-language pathologist, school health personnel, 
and/or regular classroom teacher (responsible for daily 
troubleshooting when students are not seen for hearing
impaired services). 

F. Program supervisor (to coordinate and supervise the 
monitoring and maintenance procedures). 

G. Parent (perform home monitoring and maintenance; supply 
school with spare parts for the child's hearing aid) 
(Downs, 1971; Hanners and Sitton, 1974). 

I V. Tra i n i ng 

A. Preserv i ce 

College and university training programs shall prepare, 
audiologists and teachers of the hearing impaired in 
hearing aid monitoring and maintenance (ASHA and CEO 
certification requirements). 

B. Inservice 

Yearly workshops on monitoring and maintenance of 
amp1 ification units will be held for teachers of the 
hearing impaired, students, parents, teaching assistants 
and others who provide any monitoring and maintenance of 
ampl ification units (Bendet, 1980; Bess and McConnell, 
1981; Potts and Greenwood, 1983). 

V. Equipment and Materials 

A. Hearing aid analyzer (electroacoustic) 
B. Stethescopes 
C. Battery testers (voltmeters) 
D. Tubing, cement, scissors 
E. Tubing stretchers 
F. Pipe cleaners 
G. Small soft brush 

130 



H. Individual packets of alcohol-saturated swabs 
I. Forced air earmold cleaner 
J. Spare hearing aids, auditory trainer parts, and 

accessories (batteries, cords, receivers, rIo) 
K. Earmold impression materials 
L. Otoscope 
M. Forms for record keeping 
N . Dry Aid kit 

V I. P rocedu res 

A. Daily visual inspection (Hanners and Sitton, 1974; Kemker 
et al., 1979; Musket, 1981). 

B. Daily 1 istening inspection (Musket, 1981; Potts and 
Greenwood, 1983). 

C. Electroacoustic analysis--3 times per school year 
(Musket, 1981; Potts and Greenwood, 1983). 

D. Maintenance (Downs, 1971; Musket, 1981). 

VII. Supervision 
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Program supervisors and/or audiologists should review monthly 
monitoring records, make on-site visits to observe implementa
tion of the monitoring/maintenance system and provide 
assistance to personnel involved in monitoring and maintenance. 
Implementation of monitoring and maintenance should be part of 
teacher evaluation. 

VI I I. Record Keeping and Accountabil ity 

A. Monitoring and maintenance systems shall be included as 
part of a student's IEP (Bess and McConnell, 1981). 

B. Monitoring--daily log sheets--summed for yearly report 
(Rubinetal., 1977). 

C. Maintenance--rate and type of repairs--to assist with 
equipment evaluation, ordering of spare parts, inservice 
needs (for parents and students). 

A, B, and C will be used to document PL 94-142 compl iance. 

IX. System Development and Evaluation 

A. System implementation should be reviewed at monthly staff 
meet i ngs. 



B. Review records on frequency and types of malfunctions to 
determine: 

1. current malfunction rate. 
2. equipment and materials that should be modified or 

added. 
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c. Yearly rating by participants (teachers, students, parents, 
audiologists, supervisors) of monitoring and maintenance 
system, including procedure, inservice and supervision. 

D. Use above as basis for modifying program. 



APPENDIX B 

DERIVATION OF RANDOM SAMPLE 

A stratified random sampl ing procedure was used to select 

subjects who adequately represented small to large school districts 

(Local Educational Agencies) that serve hearing-impaired students in 

the United States. A representative sample of 200 schools from a 

population of N = 586 publ ic day schools was needed for the purpose of 

estimating characteristics of ampl ification monitoring and maintenance 

programs for hearing-impaired students. Estimates will generally be 

of the form: "estimated number of students with access to service 

A = E.11 Table B.l presents a frequency distribution of schools by 

hearing-impaired population. 

The Table B.l data were used to determine stratum boundaries, 

using the Dalenius Hodges "cum ~II method. The table presents the 

cumulative values of f(y), where y denotes number of hearing-impaired 

students and f(y) denotes frequency. Caldwell (1985) recommends the 

number of strata to be L = 5. The cum ~ method specifies that the 

stratum boundaries would be set to form equal interals on the cum\}f(y) 

scale. The total cum -Yf(y) is 86.42. For L = 5 strata, each interval 

width should be about 85.42/5 = 72. The resulting strata are indicated 

in Table B.l. Definitions of terms are h = strata index, Nh = number 

en strata, Wh = strata percent of total population; cWhSh = strata 
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percent of total population times strata range, and fh = percent of 

strata to be sampled. 
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Cochran (1977) may be referenced for appropriate formulae for 

estimating population means and variances. 



135 

Table B.l. Calculation of stratum boundaries 

Number of 
-(f(;) ~f(~} 

Stratum 
Students {y} f{y} Number 

0-20 282 16.79 16.79 

21-40 385-282 = 103 10.15 26.94 2 
41-60 441-385 = 56 7.48 34.42 

61-80 479-441 = 38 6.16 40.58 3 
81-100 507-479 = 28 5.29 45.87 

101-120 525-507 = 18 4.24 50. 11 
121-140 536-525 = 11 3.32 53.43 

141-160 543-536 = 7 2.65 56.04 4 
161-180 557-543 = 14 3.74 59.82 
181-200 564-557 = 7 2.65 62.47 
201-220 569-564 = 5 2.24 64.71 
221-240 571-569 = 2 1. 41 66.12 
241-260 572-571 = 1 1.00 67.12 
261-280 574-572 = 2 1. 41 68.53 

281-300 577-574 = 3 1. 73 70.26 5 
301-320 581-577 = 4 2.00 72.26 
321-1139 586-581 = 5 14. 1 6~" 86.42/L = 

17.28 
N=586 

*This interval is 40 times as large as 
Jf(0 = -V4o xVs = 14.16. 

the others, so 
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Sample Size = n = 200. Number of strata = L = 5. 

h 2 3 4 5 

Nh 282 159 95 38 12 

Wh = ~ .48 .27 .16 .07 .02 
N 

Range = cSh 20 40 80 140 859 

cWhS h 9.6 10.8 12.8 9.8 17.18 

fh =.g., 
Nh 

• 1173 .3145 .5263 1 .000 1.000 

Values of cWhSh are close; therefore, a 11 ocate equa 1 sample size to 
each: 

nh = n/l = 200/5 = 40. 

Nh 50 50 50 38 12 = 200 



APPENDIX C 

SURVEY MATERIALS: EXPLANATORY LETTER, 
TEACHER SURVEY, ADMINISTRATIVE SURVEY 
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Explanatory Letter 

November 4, 1985 

Dear Supervisor/Coordinator of the Hearing-Impaired Program: 

We are conducting a national study on procedures used by schools to 
monitor and maintain the hearing aids and auditory trainers that are 
used by hearing-impaired students. Some schools have expressed diffi
culty implementing comprehensive monitoring and maintenance systems 
because they lack personnel, technical support and fiscal resources. 
It is our intent to determine national practices and develop a statement 
of needs that can be communicated to federal or state funding agencies 
and training programs. However, only you and your teachers can supply 
us with information on current practices and any improvements that 
should be made. 

We hope that you will assist us in our efforts by doing the following: 

1. Complete the administrator's questionnaire {which takes approxi
mately 10 minutes} or if another administrator/supervisor is 
more directly responsible for the hearing-impaired program, 
please forward all materials to that individual. 

2. Return the administrator's questionnaire by November 27th in 
the attached prepaid envelope. 

3. Select one teacher of the hearing impaired to complete the 
teacher questionnaire {which takes approximately 15 minutes}. 

4. Ask the teacher-respondent to return the questionnaire by 
November 27th in the prepaid envelo~e attached to the teacher 
survey. 

Questionnaire results for individual programs will be kept strictly 
confidential. Only group data will be publ ished as part of the study. 

The impact of this study is dependent upon 100% participation. Your 
response by November 27th is critical. Thank you for your valuable 
contribution to this study and the education of hearing-impaired 
students. 

Sincerely, 

Jul ie Reichman 
Princil-'al Investigator 

Will i am C. Hea 1 ey, Ph. D. 
Co-Pri nci pal Invest igator 
Professor, Special Education 
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Teacher Survey 
Ampl ification Monitoring and Maintenance 

Background Information 

Title and job responsibil ity of person completing questionnaire 

1. How many years have you taught hearing-impaired students? ________ _ 

2. Check all that apply to your current professional assignment 
Instructional Setting 

Residential school 
----Day school 
----Self-contained class in a publ ic school 
----Resource room in a public school 
==:Itinerant program in publ ic school (s) 

3. What age range of students do you serve? -------------
4. How many students do you serve? ------------------
5. How many of your students use the following ampl ification in school: 

a. hearing aids only? 
--~~----b. auditory trainers only? ______ ~~--

c. hearing aids and auditory trainers? ---------------
6. What communication methodology is used with the students you serve? 

(check all that apply): 
unisensory, acoupedic 

---cued speech 
---aural/oral 
----simultaneous communication (aural, oral, and some sign system) 
---manual communication only 

other {explain) ________________________________________________________ ___ 

7. What number of audiologists (if any) are employed or contracted by 
your program: 

Number full-time? ----------- Number part-time? ------------
8. Does your program have a system for: 

Yes No Don't Know 
a. monitoring hearing aids? 
b. monitoring auditory trainers? 
c. maintaining hearing aids? 
d. maintaining auditory trainers? 

If the answer to any part of question #8 (a, b, c, or d) was yes, please 
complete the remainder of the questionnaire items. If all answers in 
question #8 were no, please skip the remaining items and return the 
questionnaire by November 27th in the enclosed prepaid envelope. Thank 
you. 
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9. The ampl ification units of students whom I serve are: 

10. 

(check ~ that apply) (HA = hearing aids; AT = auditory trainers) 

HA AT 
a. Not checked on a routine basis. 
b. Checked when a malfunction is suspected. 
c. Checked when the student is seen for 

itinerant, resource, or related services. 
d. Checked daily. 
e. Checked weekly 
f. Checked monthly 
g. Other (exp 1 a i nt __________________ , 

In your opinion, what 
mal funct ion each ~? 
a. 0-20% 
b. --21-40% 
c. --41-60% 
d. -61-80% 
e. --81-100% 

percentage of your students' hearing aids 
(check ~ one) 

11. Who has the major responsibil ity for performing visual and 1 isten
ing checks of your students' hearing aids (HA) and auditory 
trainers (AT)? (check appropriate blanks) 

HA AT 
a. Teacher of the hearing impaired 
b. Audiologist 
c. Technician to repair amplification units 
d. Speech-language pathologist 
e. Teacher aide/teacher assistant 
f. Parent(s}/Guardian(s} 
g. Other (specify) ------------------------

12. Check all descriptions that apply to the training you received for 
monitoring and maintaining children's ampl ification units. 
a. Received university level training through coursework in 

--audiology and/or education of the hearing impaired. 
b. Received formal inservice instruction from current employer 

--specific to monitoring and maintenance. 
c. __ Learned on the job through informal assistance and self

instruction 
d. _Other (specify) ___________________ _ 

13. How would you rate your college/university's efforts to prepare 
you for monitoring and maintaining ampl ification units? 

2 
Exceptionally Adequate 

Good 

3 4 
Less Than Exceptionally 
Adequate Poor 

5 
Not 

Provided 
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14. How would you rate your school program's inservice instruction on 
monitoring and maintaining ampl ification units? 

15. 

Exceptionally 
Good 

Superv i s ion and 

Exceptionally 
Good 

2 
Adequate 

support for 

2 
Adequate 

3 
Less Than 
Adequate 

the monitoring 

3 
Less Than 
Adequate 

4 
Exceptionally 

Poor 

and maintenance 

4 
Exceptionally 

Poor 

5 
Not 

Provided 

is: 

5 
Not 

Provided 

16. The person responsible for coordinating or supervising the monitor
ing and maintenance system is: (check one) 
a. an educational audiologist(s). 
b. ----the supervisor/coordinator of the hearing-impaired program. 
c. =:=the supervisor/director of special education or special 

services. 
d. the classroom, resource or itinerant teacher/special ist. 
e. === other (explain) 

17. Which of the following are inspected each time a hearing aid (HA) 
or auditory training unit (AT) is checked? 

a. fit of earmold (e.g., ear redness, feedback) 
b. cleanl iness and condition of earmold 
c. condition of the unites) (e.g., cracks) 
d. condition of battery compartment (e.g., 

corros ion) 
e. condition of receiver (if appl icable) 

(e.g., cracks, fit to earmold) 
f. condition of cords (e.g., intermittencies) 
g. general sound qual ity 
h. reception of sound via Ling Five Sound Test 
i. volume wheel 1 inearity (ampl ifies continuously 

without irregular increases or decreases in 
volume 

j. integrity of moveable switches (e.g., M/T/a) 

19. Routine inspections include checks to determine if: 
(check ~ that apply) 

a. child is wearing unites). 
b. unit is turned on. 
c. volume control is set at recommended level. 

HA AT 

HA AT 



19. On the average, how much time is required to perform a visual and 
listening check of a student's hearing aid or auditory trainer 
(specify for each)? 

Hearing aid 
Auditory trainer 

minute(s) == minute(s) 

20. My students ' ampl ification units receive electroacoustic checks 
(check one) 
___ yes no (service is not available or not done) 

If yes, how often? (check ~ that apply for hearing aids and 
auditory trainers): 

HA AT 
a. whenever there is a question of their functioning. 
b. as part of routine audiologic evaluations. 
c. other {explain) __________________________ _ 

21. Who pays for hearing aid batteries, cords, receivers, and earmolds 
(EM) that are replaced at school? (check all that apply) 

Ear-
Batt. Cords molds Receiv. 

a. The student's family 
b. The educat ional agency 
c. The educational agency when 

student's family does not send 
replacements 

d. Replacements are not kept or 
made at school 

22. On the average, how long does it take to obtain a loaner ampl ifica
tion unit after it is requested? (check appropriate blank for 
hearing aids and auditory trainers) 

HA AT 
a. one day or less 
b. 2 to 3 days 
c. 4 days to one week 
d. more than one week 
e. not available 
f. other (explain) -----------------------------------------------

23. My students have received information through our school program on 
monitoring and maintaining ampl ification units. (check ~ that 
apply) 

a. at no time 
b. During his/her routine audiologic evaluations 
c. as part of orientation/aural rehabil itation 

programs provided in school 

HA AT 

d. other {explain) _________________________ __ 
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24. My students participate in monitoring by doing their own visual 
checks (e.g., check battery, switch, volume settings, earmo1d 
c1eanl iness). (check ~ each for HA at AT) 

HA AT 
a. da i 1 y 
b. frequently 
c. occasionally 
d. never 

25. Rate the adequacy of your program's efforts to instruct students 
on monitoring and maintaining their ampl ification units. (rate 
by circl ing the appropriate number on the continuum) 

2 
Exceptionally Adequate 

Good 

3 
Less Than 
Adequate 

4 
Exceptionally 

Poor 

5 
Not 

Provided 

26. The parents of my students receive information through our school 
program on maintenance of hearing aids. (check all that apply) 
a. No information is routinely provided. ---
b. --- By audiologists as part of routine audio10gic evaluations. 
c. --- As part of school sponsored parent intervention/outreach 

programs. 
d. Other (explain) -----------------------------------------

27. Rate the adequacy of your program's efforts to instruct parents on 
maintaining their children's ampl ification. (rate by circl ing the 
appropriate number on the continuum) 

2 
Exceptionally Adequate 

Good 

3 
Less Than 
Adequate 

4 
Exceptionally 

Poor 

5 
Not 

Provided 

28. How effective in reducing malfunctions is your monitoring and 
maintenance system? (rate by circl ing the appropriate number on 
the continuum) 

Extremely 
Effect ive 

2 
Effect ive 

3 
I neffect i ve 

4 
Ext remel y 
I neffect ive 

29. What changes should be made to improve your monitoring and 
maintenance system? 

Thank you for your valuable contribution to this study and the education 
of hearing-impaired students. Please return the questionnaire in the 
enclosed prepaid envelope by November 27th. 



Administrator Form 
Amplification Monitoring and Maintenance Survey 

Title and job responsibil ity of person completing questionnaire 

1. Check all that apply to your instructional program for hearing
impaired students: 
Setting: 

Residential school 
----Day school for hearing impaired 
----Self-contained class in a publ ic school 
----Resource room in a publ ic school 
===Itinerant program in public school(s) 

2. Give the total number of students enrolled in hearing-impaired 
program __________ _ 

3. Give the age range of students enrolled in hearing-impaired 
p rog ram _________ _ 

4. What ampl ification units are used by students in your program? 
(check one) 

hearing aids only 
----FM or group auditory trainers only 
----both hearing aids and auditory trainers 

none 

5. Check each communication methodes) used in your program: 
unisensory, acoupedic 

----cu ed speech 
----aural/oral 
----simultaneous communication (aural, oral and some sign system) 
----manual communication only 
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other (explain) ________________________________________________________ __ 

6. Does your program (check one): 
employ audiologists? 

----contract for audiological services? 
have no audiologists employed or under contract? 

7. Specify the number of audiologists working in your program: 
full-time _____ part-time 

8. Does your program have a system for 
a. mon i toring heari ng aids? ___ yes no don1t know 
b. moni tori ng auditory trainers? ___ yes no ---don1t know 
c. maintaining heari ng aids? ___ yes no ---don I t know 
d. maintaining auditory trainers? ___ yes no ----don I t know 
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If the answer to any part of question #8 (a, b, c, or d) was yes, 
please complete the remainder of the questionnaire and return it in 
the enclosed prepaid envelope by November 27th. If the answers to all 
parts of question #8 were no, please skip the remaining items and 
return the questionnaire in the enclosed prepaid envelope by 
November 27th. Thank you. 

9. The monitoring of hearing aids (HA) and auditory trainers (AT) of 
students in my program is performed: (check ~ that apply) 

HA AT 
a. da i 1 y 
b. weekly 
c. monthly 
d. when a malfunction is suspected 
e. when the student is seen for itinerant, 

resource or related services 
f. not on a routine basis 
g. don't know 
h. other (explain) ____________________ _ 

10. Which of the following are components of your monitoring and 
maintenance system (check ~ that apply): 

11. 

HA AT 
a. 1 istening checks of the functioning 

and sound qual ity 
b. Periodic electroacoustic analysis 
c. Replacement accessories are kept 

at school: 
batteries 
cords 
receivers 

d. earmold impr~ssions are made at 
school when students ' molds don't fit 

e. loaner equipment is available when 
students ' units are being repaired 

Check the areas of inservice instruction 
or school prog ram 

provided 

HA 
a. staff inservice on monitoring p rocedu res __ 
b. staff inservice on maintenance proce-

dures 
c. staff inservice on the proper use of 

ampl ification devices 
d. parent workshop on monitoring procedures 
e. parent workshop on maintenance proce- -

dures 

by 

AT 

Don I t Know 

your school 
Don't 

None Know 



f. parent workshop on the proper use of 
amp1 ification devices 

g. instruction of students in monitoring 
procedures 

h. instruction of students in maintenance 
procedures 

i. instruction of students in the proper 
use of amp1 ification devices 

146 

Don't 
HA AT None Know 

12. Who has the major responsibil ity for performing the visual and 
listening checks of students' hearing aids in your self-contained, 
resource, and itinerant programs? (check one response for each of 
the three categories) 

13. 

a. 

b. 
c. 
d. 
e. 
f. 
g. 

Who 
i ng 
a. 
b. 

c. 

Se1f-
Contained Resource Itinerant 

teacher of the hearing 
impaired 
audiologist 
speech-language pathologist 
teacher aide/teacher assistant 
parent(s)/guardian(s) 
don't know 
other (specify) ___________________________________________ __ 

has responsibi1 ity for coordinating or supervising the monitor
and maintenance system? (check only one response) 

an educational audiologist 
----supervisor or coordinator of the program for the hearing 
----i mpa ired 
____ the supervisor or director of special education or special 

services 
d. the classroom, resource, or itinerant teacher/special ist 
e. other (exp1ain) _____________________________________________ ___ 

14. What equipment and materials are available for the monitoring and 
maintenance system? (check all that apply) 

--- Yes No Don't Know 
a. battery tester{s) (vol tmeter) 
b. hearing aid stethoscope(s) 
c. Fonix, Phonic Ear, or B & K 

e1ectroacoustic ana1yzer(s) 
d. inservice instructional materials 

(books, pamphlets, films, sl ide/ 
tape programs) 

e. earmo1d impression making materials 
f. forced air earmold cleaner 
g. tubing stretchers 
h. jeweler's screwdriver(s) 
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Yes No Don't Know 
i. spare batteries 
j. spare tubing 
k. spare cords 
1. spare receivers 
m. loaner hearing aids 
n. other (specify) 

Thank you for assisting us in this study. Please return the question
naire in the enclosed prepaid envelope by November 27th. If you would 
1 ike a summary of results when the study is completed, please indicate 
where it should be sent: 

Name 
Addr-e-s-s---------------------------------



REFERENCES 

American Annals of the Deaf. (1984). Proposed revIsion of standards 
for the certification of teachers of the hearing impaired. 
129, 52-68. 

American Annals of the Deaf. 
in the United States. 

(1985). Schools and classes for the deaf 
1 30, 2, 81 -1 29 • 

American National Standards Institute. (1976). 
hearing characteristics. (ANSI S3.22). 
National Standards Institute, 1976. 

Specifications of 
New York: American 

Bendet, R. M. (1980). A publ ic school hearing aid maintenance program. 
The Volta Review, 82, 149-155. 

Berl iner, D. C. (1984). Effective classroom teaching: The necessary 
but not sufficient condition for developing exemplary schools. 
Unpubl ished manuscript. Tucson, AZ: The University of 
Arizona, Department of Educational Psychology. 

Bess, F. H. and Logan, S. A. (1984). 
setting. In J. Jerger (Ed.). 
CA: College-Hill Press. 

Ampl ification in the educational 
Pediatric Audiology. San Diego, 

Bess, F. H. and McConnell, F. (1981). Audiology, Education, and the 
Hearing Impaired Child. St. Louis: C. V. Mosby Company. 

Bess, F. H., Sinclair, J. S., and Riggs, D. E. (1984). Group 
ampl ification in schools for the hearing impaired. Ear and 
Hearing, 2, 138-144. 

Blair, J. C, Wright, K., and Pollard, G. (1981). Parental knowledge 
and understanding of hearing loss and hearing aids. The 
Volta Review, 83, 375-382. 

Caldwell, G. (November 3, 1985). Personal communication. Adjunct 
Professor, Department of Statistics, The University of 
Arizona, Tucson, AZ. 

Chial, M. R. (1977). Electroacoustic assessment of children's hearing 
aids: Repeatabil ity of measurement and determination of merit. 
In F. B. Withrow (Ed.). The Condition of Hearin Aids Worn by 
Children in a Pub1 ic School Program HEW Publ ication No. OE 
77-05002). Washington, D.C.: U.S. Government Printing Office. 

148 



149 

Ciani, S. (1980). A portable hearing test program for publ ic schools. 
Language, Speech, and Hearing Services in Schools, ll, 218-222. 

Cochran, W. G. (1977). Sampl ing Techniques. (3rd ed.). New York: 
John Wiley & Sons. 

Coleman, R. F. (1972). Stabil ity of children's hearing aids in an 
acoustic preschool. Final report, HEW, U.S. Office of 
Education, National Center for Educational Research and 
Development, 522466. 

Coleman, R. F. (1975). Is anyone 1 istening? Language, Speech, and 
Hearing Services in Schools, ~, 102-105. 

Council on Education of the Deaf. (1985). Certification standards for 
professionals involved in the education of hearing impaired 
children and youth. American Annals of the Deaf, 130, 60-73. 

Davis, J. M., Shepard, N. T., Stelmachowicz, P. G., and Gorga, M. P. 
(1981). Perceptions of hearing impairment held by school 
personnel: Suggestions for in-service training development. 
Language, Speech, and Hearing Services in the Schools, ~, 
168-177. 

Downs, M. (1971). Maintaining children's hearing aids: The role of 
parents. Maico Audiological Library Series, lQ, 1, 

Ell iott, L. L. (1967). A descriptive analysis of audiometric and 
psychometric scores of students at a school for the deaf. 
Journal of Speech and Hearing Research, lQ, 21-40. 

Federal Register. (August 1977). Education of handicapped children: 
Implementation of part B of the education of the handicapped 
act. 42, 42474-42518. 

Finitzo-Hieber, T. (1981). Classroom acoustics. In R. J. Roeser and 
M. P. Downs (Eds.). Auditory Disorders in School Children. 
New York: Thieme-Stratton, Inc. 

Flexer, C., Wray, D., and Black, T. (1986). Support group for 
moderately hearing-impaired college students: an expanding 
awareness. Volta Review, 88, 223-229. 

Freeman, B., Sinclair, J., and Riggs, D. (1980). 
characteristics of FM auditory trainers. 
Hearing Disorders, 45, 440-458. 

Electroacoustic 
Journal of Speech and 

Gaeth, J. H. and Lounsbury, E. (1966). Hearing aids and children in 
elementary school. Journal of Speech and Hearing Disorders, 1£, 
283-289. 



150 

Hanners, B. A. and Sitton, A. B. 
ing aid monitor program. 

(1974). Ears to hear: A daily hear
Volta Review, 74, 530-536. 

Hawkins, D. (1982). OveramplJfication: A well-documented case report. 
Journal of Speech and Hearing Disorders, 47, 382-384. 

Hine, W. D. (1973). How deaf are deaf children? British Journal of 
Audiology, 1, 41-43. 

Humes, L. E. (1981). On the potential loss of hearing sensitivity due 
to hearing aid use. In F. H. Bess, B. A. Freeman, and J. S. 
Sinclair (Eds.). Ampl ification in Education. pp. 358-369. 
Washington, D~C.: A. G. Bell Association for the Deaf. 

Jones, K. (1982). The role of educational audiologists as perceived 
by school administrators, regular classroom teachers who serve 
hard of hearing children and speech-language pathologists. 
Unpublished master1s thesis. Logan, UT: Utah State University. 

Karchmer, M. and Kirwin, L. (1977). The use of hearing aids by hear
ing impaired students in the United States. Office of 
Demograph]c Studies Report. Series S, No.2. 

Kemker, F. J., McConnell, F., Logan, S. A., and Green, B. (1979). 
A field study of children's hearing aids in a school environ
ment. Language, Speech, and Hearing Services in Schools, ~, 
47-53. 

Lenneberg, E. H. (1967). Biological Foundations of Language. 
New York: John Wiley & Sons. 

Matkin, N. D. (1984). Wearable ampl i'fication: A 1 itany of persisting 
problems. In J. Jerger (Ed.). Pediatric Audiology. pp. 125-
145. San Diego, CA: College-Hill Press, Inc. 

Matkin, N. D. (1985). Personnel communication. Professor, Department 
of Speech and Hearing Sciences, The University of Arizona, 
Tucson, Arizona. 

Musket, C. H. (1981). Maintenance of personal hearing aids. In R. J. 
Roeser and M. P. Downs (Eds.). Auditory Disorders in School 
Children. New York: Thieme-Stratton, Inc. 

Northern, J. L. and Downs, M. P. (1984). Hearing in Children (3rd ed.). 
Baltimore: Will iams & Wilkins. 

Northern, J. L., McChord, W., Fischer, E., and Evans, P. (1972). 
Hearing services in residential schools for the deaf. Maico 
Audiological Library Series. Report Four, 16-18. 



Pflaster, G. (1980). A factor analysts of variables related to 
academic performance of hearing impaired children in regular 
classes. Volta Review, 82, 71-84. 

Pflaster, G. (1981). A second analysis of factors related to the 
academic performance of hearing-impaired children in the 
mainstream. Volta Review, 83, 71-80. 

151 

Porter, T. A. (1973). Hearing aids in residential schools. American 
Annals for the Deaf, ~, 31-33. 

Potts, P. L. and Greenwood, J. (1983). Hearing aid monitoring: Are 
looking and 1 istening enough? Language, Speech, and Hearing 
Services in Schools, ~, 157-163. 

Rawl ings, B. and Trybus, R. (1978). Personnel, facilities, and 
services available in schools and classes for hearing impaired 
children in the United States. American Annals of the Deaf, 
123, 99-11 4. 

Resnick, S. B. and Schwartz, D. M. (1981). Selective ampl ification: 
Electroacoustic and cl inical considerations. In F. H. Bess, 
B. A. Freeman, and J. S. Sinclair (Eds.). Ampl ification in 
Education. pp. 248-259. Washington, D.C.: A. G. Bell 
Association for the Deaf. 

Riedner, E. D. (1978). Monitoring of hearing aids and earmolds in an 
educational setting. Journal of the American Auditory Society, 
~, 39-43. 

Rintelman, W. F. and Bess, F. H. (1977). High-level amplification and 
potential hearing loss in children. In F. H. Bess (Ed.). 
Childhood Deafness: Causation, Assessment, and Management. 
pp. 267-293. New York: Grune & Stratton. 

Robinson, D. O. and Sterl ing, G. R. (1980). Hearing aids and children 
in school: A follow-up study. Volta Review, 82, 229-235. 

Roeser, R. J., Glorig, A., Gerken, G. M., and Kessinger, R. (1977). 
A hearing aid malfunction detection unit. Journal of Speech 
and Hearing Disorders, 42, 351-357. 

Ross, M. (1972) Classroom acoustics and speech intell igibility. 
In J. Katz (Ed.). Handbook of Cl inical Audiology. pp. 756-
771. Baltimore: The Will iams & Wilkins Co. 

Ross, M. (1976). Verbal communication: The state of the art. 
Volta Review, 78, 324-328. 



152 

Ross, M. (1977a). Definitions and descriptions. In J. Davis (Ed.). 
Our For otten Children: Hard-of-hearin Pu ils in the Schools. 
pp. 5-1 . Minr:e:Jpol is~ MN: Audio Vlsual Library Service, 
University of Minnesota. 

Ross, M. (1977b). A review of studies on the incidence of hearing aid 
malfunctions. In F. B. Withrow (Ed.). The Condi¥,~lon of Hearing 
Aids Worn b Children in a Publ ic School Pro ram. (HEW 
Publ ication No. OE 77-05002. Washington, D.C. U.S. Government 
Printing Office. 

Ross, M. (1981). Classroom ampl ification. In W. R. Hodgson and R. H. 
Skinner (Eds.). Hearin Aid Assessment and Use in Audiolo ic 
Habilitation. (2nd ed .• pp. 23 -257. Baltimore: Williams 
& Wilkins. 

Ross, M. (1982). Hard of Hearing Children in Regular Schools. 
Englewood Cliffs, NJ: Prentice-Hall, Inc. 

Ross, M. and Calvert, D. R. (1977). Guidel ines for audiology programs 
in educational settings for hearing impaired children. In 
F. B. Withrow (Ed.). The Condition of Hearin Aids Worn by 
Children in a Public School Pro ram. HEW Publ ication No. OE 
77-05002. Washington, D.C.: U.S. Govern~ent Printing Office. 

Rubin, M., Skalka, E., Moore, J., and Colodzin, L. (November 1977). 
Designs for maximizing audiological services in diverse educa
tional settings. Paper presented at the annual meeting of the 
American Speech-Language Hearing Association, Chicago, IL. 

Schell, Y. S. (1976). Electroacoustic evaluation of hearing aids worn 
by publ ic school children. Audiology and Hearing Education, 
October/November, 7-15. 

Sinclair, J. S. and Freeman, B. A. (1981). The status of classroom 
amplification in American education. In F. H. Bess, B. A. 
Freeman, and J. S. Sinclair (Eds.). Ampl ification in Education. 
pp. 205-215. Washington, D.C.: A. G. Bell Association for the 
Deaf. 

Sweetow, R. and Barrager, D. (1980). Qual ity of comprehensive audio
logical care: A survey of parents of hearing impaired children. 
ASHA, ~, 841-847. 

Wilson-Vlotman, A. L. and Blair, J. C. (November 1984). Educational 
audiologists working in regular schools: Practices, problems, 
and directions. Paper presented at the annual meeting of the 
American Speech-Language and Hearing Association, San 
Franc i sco, CA. 



Zink, G. D. (1972). Hearing aids children wear: A longitudinal 
study of performance. Volta Review, 74, 41-51. 

Zink, G. D. and Barz, W. (1979). Hearing aids. Archives of 
Otolaryngology, 105, 67-74. 

153 


