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! Described is a two-phase investigation of the
electroacoustic. status of hearing aids used Lty aurally handicapped
students in thé Los Angeles City Onified Schcol District. The first
phase is said to have involved field examination using portable
electroacoustlcfequlpment and the seccnd phase to have included
re-examination” of 10% of the field tested aids in a'lakoratory -
setting with 1aboratory equipment. Results ccnfirmed previous studies
which reportq@ large nusmbers of aids malfunctioning and a large ’
number of aids worn with gain settings so low’ that they could not be
expected to help the wéarer. Among eight ‘conclusicns listed are that

. audioldégical service shculd include counsellng and training of
parents, teachers, and children in tle caré and use of hearing aids; ¢
that replacement parts, batteries, cords, earmolds and loaner aids .
should te provided as needed; and that electroacoustic evaluation of
hearing aids should be made at least annyally. (CL)
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A This report was prepared by the Bureau of Education for the Handicapped
as a scientific report for the benefit of the field, however, the findings
do not represent an official policy of the Bureau of Education for the
Handicapped. They are intended to be of help to schools and programs
for education of the deaf as they establish their own standards with
- : ¥ respect to audiologic services.
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. - Foreword . P
During the past decade formal attention has been placed upon the use of hear-.
ing aids by hearing-impaired children in public schools. Much of this attention has
focused on the ready-for-use status of hearing aids. Mark Ross, in chapter | of this
report, reviews studies that pave been made on malfunctioning of hearing aids.
These studies show a large number of hearing aids that are not being worn, that
are in poor physical condition, and that either are not functioning properly electro-
acoustically or have improper settings. ' ' * -

g

Hearing aids represent a sizeable.personal and/or social investment both in the
purchase price and in their maintenance. Hearing aids that function properly are
invaluable in the education oﬁ‘ hearing impaired children. When ‘aids do not work
adequately they are a waste of time, money, and educational efforts or@he part of
both the learner and the teacher._ i -

In 1975 Congress reqested that the Bureau of Education for the Handicapped
¢6nduct a study of hearing aids used in public schools. The Los Angeles City Uni-
fied Schoo! District was selected as the site to carry out this study, betause it repre-
sented a large diversified target populatioﬁ( which intluded special J&Is for the -
deaf, special classes for the deaf, and an integrated progsam in the regular schools.
The district also hat a system-wide aydiological program. The design of the study. ~
called for a two-phase examination of the electroacoustic status of hearing aids as
they are used by children in the school district. Two independent investigators per-
formed the work of the study uhder thefgeneral guidelines"provided by the project
director. The first phase of the project was a field examination of the hearing aids
through the use of portable electroacoustic test equipment. This phase is describgdj
by Fred H. Bess in chapter Il. The second phase of the study was a re-examinatign
of 10 percent of the field-tested hearing aids done in a laboratory sefting vﬁh .
" laboratory equipment. Michael R. Chial described this phase in chapter Iil. The - ‘
laboratory phase of the study was designed to verify the field procedures. Only
partially conclusive evidence can be drawn from the comparison of the two phases, -
_ inasmuch as time-and money dictated that certain variables had to be excludét;j_“g'
from the scope of the studies. . . ’ RN

¢ . 2 . i
<

. / : ’; ~ s
The study does corroborate previous investigations which have found large-n té
bers of aids malfunctioning. At,the same time it cenfikms that good and consistent* *

o iservige training programs in the care of hearing aids Wil result in better mainte- - -
nance of hearing aids with respect to batteries, cords, and like accessories., Nore: ¢

theless, a' large number of hearing aids tested: out defective, evén Under fairly
lenient standards. In addition, a number of aids were being worn With gaip setting$'
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so low that they.could not be expected te benefit the user. The general conclusions
and recommendations of the study are:

1. The original recommendation and selection of a hearing aid for a child_
should be made by a team of an audiologist and otologist.
2. The audiological ‘service should include training and counseling of parents,-

v children, and-teachers in the use and care of hearing aids.

3. The hearing aid user should learn to detect malfunctlons in his or her hear
ing aid as soon'as possible.
4. The auduologlcal service for school children should include replaceme°nt
parts, batteries, cords, earmolds, and loaner aids as needed.
5. The audiological services should provide auditory training as part of the
early education program for hearing aid users. . .
. 6. The audielogical service should include at least an annual eIectroacoust/—l
evaluation of hearing aids.
7. A systematic audiological assessment shall be a part of each hearing im-
pajred child's individual educational plan and program.
8. The hearing aid industry and the Federal Government should. explore inno-
~  vative packaging designs for children’s hearing aids so that they can wnthstand
f the physical strains likely to be lmposed by young users. e e
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* The appropriate selection of hearing aids and the supervision‘of the wearing of
hearing aids are important aspects of the education” of hard of hearing children.
Hard of hearing children are auditory learners. They use their hearing as their first
and primary channel for the acquisition and development of speech and language.
With some variations and exceptioh§, they can learn from the same educational en-
vironment and procedures used with normal hearing children. To do this they must
have the highest quality a%plified signal that is indicated by their hearing loss. The
fact that this is not the usual case is the primary subject of this chapter. Recom-
mendations will be made which are designed to improve the utilization of hearing
aids worn by all school-dged hearjng-im{)aired children.!

-~

. The Performance of Hearing Aids Used ip Régular Schools , ‘-

In 1966, Gaeth and Lounsbury provided the first detailed examination of the per-_
‘formance of hearing aids used by children in regular school settings. Since that
time, simitar projects have essentially, confirmed this first report whether they ex-
amined populations in p«ici:ol centers, special schools, or regular schools.

N : . |}

~ Gaeth and Lounsbury eva ated behayioral and physical characteristics of the -
hearipg,aids of 134 children. For 120 of the ghlldren, parent interviews were also
COnductqd. The subjects ranged in age from 3 to 18 years and had pure-torie aver-
ages (PTAs) in the better ear of 66 dB or less in 85 percent of the cases. Sixty-
three percent of the' aids gxamined were 3 years of age or less. Only half the pdr-
ents‘reborted that the aid made some (big.or little) positive difference in the child’s
life; the others were uncertain. The most quoted portions of the Gaeth ‘and Louns-
bury study deal with the percentage of hearing aids which were found ,'50 be func-
tionjng inadequately. Different figures are given in their report, and different figures
can b})used, depending upon the criteria one uses to assess “adeqy‘acy." As they

put it:

I¥ we were to define an adequate Hearing aid as one worn by theé child when .

. he came for his clinic appointment, with the -volume control set at less than
“full”, and with all parts present and functioning, then 31 percent of the total
of 134 children had adequate hearing aids.,If the ‘requirements are liberalized

i

1

-

and the facts overlooked that the child did not wear the hearing.aid wheg_he.___

came to the clinic, that live batteries had to be ir)stalle?j as necessary, and
that the hearing aid was worn at full volume, then 55 percent of the hearing
aids could be considered adequate. (Gaeth and Lounsbury, 1966, p. 286).

Their results indicate, whichever criteria are used, that at least half the children
were not obtaining maximum assistance from the use of their héaring aids. The
real situation was possibly even worse than this, since they did not report the re:

v

1The term “hearing-impaired” is used generically in this report to refer to any chlldrén with any type
and degree of hearing loss (Ross and Qalvert, 1967; Wilson, Ross, and Calvert, 1974).
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sults of the detailed electroacoustic anaIysls which they performed What we have
learned subséquently about™ hearing aidg Is that an examrgatlon of the electro-
acoustlg character|st|cs of heamng aids reveals many defects not apparent in a
physucal or behavioral examination.™> ‘

in a regular school setting was reported by Zink in 1972, Over a 2-year-period, he
evaluated the electroacoustic performance of 195 hearing aids worn by children in
regular schools. Behavioral measures are not repotted. His criteria for considering

within the frequency range of the instrument of more than 15 dB, or two or more

mdreases or decreases of greater than'6 dB, (2) the gain and output measures

were not within 6 dB of manufacturer’s specufrcztlons (3) harmonic distortion was
more than 17 percent at any one frequency, and (4) gain control taper did Aot
depnonstrate adequate linearity to provide sufficient reserve gain.

In the first year, {1972) Zunk found that 60 of the 103 aids evaluated (59 per-
cent),were rejected as not meetlng his criteria. t-’rfty two_of the 60 rejected aids
were re-examined’ after they were presumably repaired and 18 (35 percent) were
s\;ll rejected. Of the 92°ards evaluated in thessecond year of the study, 41 (45 per-

nt) were unacceptable Ten of these aids were rejected for reasons other than
provuded by his cruterra they Yisplayed defective cords, receivers, gain controls, or
were completely moperatlve The slight (13 percent) improvement in the perform-
ance of the aids from the first to the second year was attrrbuted to an increased
awareness toward care of the instruments by teachers, parents and children.

. = In another section of his study, Zink evalpated the performance of new hearing
aids as they were initially supplied to the children. Using the elgctroacoustic criteria
as above, he found that 35 out of 75 (47 'percent) were unacceptable at the end
of- the first year, and 7 out of 26 (27 ‘percent) new aids were rejected after the
.second yearf The increased acceptance rate in the second year was attributed to
more selective care by the hearing aid dealers mvolved As an interesting post-
script to*his study, Zink examined the performance ot 35 used hearing aids which
were donated to the children. His criterion was simply that the aids demoristrate
a “usable frequency response.” Of the 35 aids examined, only 3.(8 percent) were
found acceptable. An electrgacoustuc analysis revealed such a multitude of defects
that it was pountless to categorize them further. As he’ points out, good intentions
in donating 3, hearing aid should not substitute for a careful examination of the
aid’s characteristics and usability. 0therwrse childrem may be harmed rather than
helped by such aids. -

Two other studies evaluated the performance of hearing aids worn by children
enroIIed primarily ig/public school$. Findlay and Winchester (1973) examined.the
hearung aids of 109 children as they were seen for routine follow-up visits in the

" Children’s Hqgpital in Philadelphia. Eight of the children were below 3 years of age,
60 were 3 thrdugh 6, 27 were 7 through 10, and 14 were 11 years of age or more.
The hearing aids were examined by listening, visual |nspect|on and electroacousti®
analyses. There were problems with either the hearing aid or the earmold in 65 of
the 109 aids. Problems with the aids noted were inadequate gain, excéssive har-
monic distortion, electronic malfunctions (static, naise, intermittency, etc.), battery
defects, and damage to either casing controls, cords, tubing, or receiver. Ear-
mold problems included improper fit'in ear, poor coupling between mold and re-
ceiver, cracked or broken mold and cerumen blockage of sound-port. More defects

Py
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" the performance of a hearing aid inadequate were: (1) one increase or decrease-

The next study to provide a detailed anaIysus of the hearung au&s worn by chxldren .
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oflthe older children. Twenty-three of the 109 children were seen for a second visit
wikhin a 6-month period with mixed results. Some,had problems the second time
M but none the first, some had problems both times, and some had their initial prob-
lems corrected by the time of the second visit. These observations demonstrate the
necessity for an -ohgoing hearing aid monitoring program, because of the rapidity:
with which negative alterations in performance are possible. ' : ~
At.the University of Cincinnati Medical Center, Schell (1975) evaluated betweén ¢
' 60 and 75 hearing aids each year for 2 years by. means of a visual, inspection, -
listening, and elect%coustic analysis. The aids belonged o children envolled in the - ]
Cificinnati Public Schools. Her results indicate that about 45 percent of the aids .-
L0 nheeded major repairs for such problems as excessive distortion, reduced gain, fre: .

quency resporise, while a few were totally dead.. About 12 percent dem\opstrate
minor problems, such as.with a hroken cord or a_poor tube. The totdl QUmber of 2
malfunctions exceeded 50 percent which is comparable to the previous studies

- reviewed.

'arld _malfunctions were noted with the preschdgl.population’s aids'than with those

-~
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\ Hearing-Aid Performance in Special Programs R
One expects that when a child is enrolled in a ‘‘special” program for hearing im-
paired children that the incidence of malfunctioning hearing aids would be greatly
reduced because of the sensitivity to potential hearing aid problems_by the profes-
, sionals. in the program, The published research supperts this expectation only in
part. In- programs in which the audiological compon,er'mt is stressed’ and audiologists
are physically present and adn]inistra'dvely tied to the program, then such expecta-
tions can be fulfilled (Hanners, 1973). However, when one audiologist is expected ~ - .
to serve the audiological needs of several hundred children,” sometimes all he or,
she can do is call attention to the problem and hope for its eventual amelioration.
*. Two studies falling in this latter category have: been published. . o, :
orthern, et al. (1972) identified 174 children with hearing aids in a residential
_school. Notices had been sent to parents asking that#key-ensure that their child’'s
hearing aid be sent to the school-on a specific day for evaluation of its performance. ,
‘Thirty-six of the aids were not available on the day of the evaluation, which would .
. - lead one to expect that these hearing aids played hardly any significant,'role in the. |
‘child’s life. Of the 138 aids exanined, only 43 (31 percent) were found to be in "+
satisfactory working condition. The most common ‘deficiencies noted were broken .
. or poorly fitting edrmolds; broken oy faulty receivers, switches, battery contacts,
cords, and batteries; and excessive noise and distortion. At that time, the school ..
. ___had.only part:time audiological services available. ) o .
' Porter (1973) evaliated 113 children at the Kansas School *for the Deaf who
were brought to the clinic directly from the classrpom.’ He felt that the results of '
his evaluation would thereby provide a reasonably accurate picture.of the condi- -
tions of the hearing -aids 35 they were used in classrooms. Of the 113 chjldren,-31
were not using individyal hearing aids, though aids had either been recommended
or repair of existing aids suggested. A total of 82 aids were availdble for the study. .
The hdéring aids were examined through visual' listening, and electroacoustic anal- o
yses. The results, as Porter points out, “can only be described as disheartening, Y
although not entirely. unexpected. Forﬁ/-two (51 percent) of these Kids were']udged" 'E

»
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. .hot to be in 5dequate operating condition at the time of the evaluation.” Mény. of
a0 i . ; . L
. SR the-probl’ems, were eggly observable and some readily correctible with a routineg :
’ : inspection procedlire’ Yor example, 10 of th€ aids had dead batteries and 10 of T .
vos v the childrrféfhhad'inadequaté earmolds» Problems with cards, switches, valume cori-
. . “trols, and like. components Were"also_notEd.'»}n otfer aids there were marked
changes in the frequency response, or excessive distortion. A separate analysis of *
the incidence of faulty fun 2tigning. for the day students’ ajds as.contrasted with the -
residential $tudents’ aids-zdvealeg that the,'same pergentage 'of malfunctions: oc- )
. . R‘cqrred. JFhe~Rxpectation, that the’ greatér parent involvement with day studerits
‘ 'would reduce the number of hearing aigl malfunctions was net fulfilld. . o
< T . The topic of hearing-aid malfunctieqs pr vides a good example of.how an applied
.., research,pryf&:t can-lead to a program nﬁoqo\{icétien for the Jgtterment ot children. N
T " In 1978, Coleman reported a study rega.;ding hearing aid stability in,a preschool
- Program located in the Bill Wilkerson Center in Nas,hvillé.db\e,‘evafuateq 25 hearing .
¢ aids over a 9-month period in 2-week intervals “ahd_ foun :r’esult$ similar to thoset
observed in other studies, namely, 4hat about”50 pgrqehfét the aids were either }
not fungtioningtor functioning improperly. Large. trequency response gbanges oc- . |
" ~curred in about 30 percent of the aids, with higtradistortion products, characterizing . |
one-tourth of theaids (Coleman, 1972). The:second half of this brojéc} j!nymved,a. o
~ training program in which pgegis, graduate stu‘c‘ientst and staff were faught to_ " %,*
«« -~ troubleshoot hearing aids on’a dgily basis. At the'coaclusion of the tgaining pro- /,, :
. 4 gram, the incidence of: faulty functioning was reduced\to about 20 percent of the . ,
. i, , aids tested. In & later report, Coleman wrote somewhat pessimistit}ally concerni:c; i
. \ rthe effectiveness of the twice-weeklyfonitoring program fistituted during the sed- - >/
9' ) ond ‘part of the study (Coleman,.1975). ;ﬁle basis.of his discoura‘gerh@_t.was‘
' obvious: i an “acoustic’’ preschool, with a compritment to maximizing use of L
residual hearing., with adequate staff and facilities, breakdown in hearing aid per- - f
Vo formance still occurred on a Tregular basis. However, in the same facility, Hanners 3
.and Sitton (1975) instituted a daily hearing-aid monitoring program with reported
positive résults. A hearing aid monitor kit.was assembled, a testing protocol was .
"* established, ‘a formal parent training program was developed which included sound-
slide media and-booklets, and a. xautine, daily. monitoring of hearing aid perfgrm-
- ance accor hed. On the.badis of the reduced malfunctions of hearing aids, the
condition - children’s aids, and -the positive reactians of the teachers, ﬁg . -
] oo " . program wa deemed a success. .- v, . ;

P . , - . Y

) B - - ' Discussion “ : :
. . - LI | 'P . — .

- 'The agreement amo‘ng all the\proiecfs which have béen reviewed by this author
v indicates that the incidence of faulty hearing-aid opératn is foo great to be purely
R Y éoincidental. On numerous occasions, many educational, audiologists have-gon-

. “sulted arid conferred with industry representatives, encouraging them to. attempt

to build “*a child-proof’ heating aid. Some companie$ have been sympathetic and

- “° have attenipted to respond "to, such’ pleas. However, the healthy, normally ram-
bunctious child has defeated our best efforts to”date. Although one would hope
that it is possible to improve furth'e_ri.the ‘durability of conventivnal hearing aids, the
children we deaLth’ are apt to'be a, lot tougher thangthe )qughes:(' of our instru- -
T - 6 S ) . : - - > K , .
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ments. Solutions to our problems—how to keep a child’s hearing aid working in an

optimal fashion—uwill have to be sought through other.approacheé. .

. Actually, the deplorable litany of hearing-aid malf@inctions described above pre- .

~~=wsents an optimistic picture of the real Situation faced by childrer wearing aids in '\ .
school. The hearing-aid user is faced with a number of other_relevant factors whieh «

reduce the fidelity of the ampliﬁed speech signal received through a.hearing aid.

Two factors, the/\hegative effects pf‘ classroom acoustics, ‘and the necessity for in-
* dividualizing the electroacoustic characteristics for a particular child have beén

identified by the author. elsewhere (Ross, 1973, 1975,.1976). The advantdges of -

binaural amplification for rhost_children,’su;iported by a number of recent research

projects, is another relevant consideration (Fisher, 1964; Kuyper and- deBoer, « s

1969; MacKeith.and Coles, 1971; Ross, et al.,, 1974; Yonovitz and_ Campbelt, 1975; ° .
"Nabele'k and Pickett, 1974; Dermody and Byrne, ,1975). ! .

In summary, the obstacles preventing a,hearing'impaired' child frofn obtaining

“the maximum benefit from amplified sound are: * )

. . * N d

1. ‘many hearing impéired children who can potentially bene_fit to some degree = _ - . . |

from the use of a hearing aid do not have one; v ) g
- significant percentage of children who do possess hearing aids do not .
. wearsthem; .

N .

3.the hearing aids 6f.approximately 50 percent of the children who do wear
them are either inoperable or malfunctioning on any given day,;
4. the acoustical conditioris pertainihg in the average classroom virtually pre- ~
clude the reception of an adequate speech signal; | ' ‘. '
5, the electroacoustic characteristics of a perfectly functioning ‘hearing aid \ .
must still be modified. to some,extent to reflect the individualized pattern of.
hearing impairments if the mammur’n potential benefit is to be received, -~ I
6. the evidence supporting binaural -amplification for most hearing impaired E
_ individuals is not uniformly reflected in actual practice;
. 7. perhaps the most important reason of all, the widespread ignorance among ,
professionals“and lay people of what amplified sound is_all about, and their _ . .
apparent reluctance to correct the situation.

Y

*y
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Indeed sufficient sophistication exists’ for many of these professionals for them
-to realize the extent and implications of their own ignorance. Such a knowledge, of
course, is the basic prerequisite for progress. Coleman (1975) pravides soms dis-
turbing insights which support these harsh, but necessary comments. He found" .
that reactions to news that 50 percent of children’s hedringaids weye not operating .
adequately on any given day ranged from expressiohs of "amused chagrin, to .

i pseudo-scientific questions regarding the educational impact of inadequate or ab-. . R o

sent.amplification, to attitudes of hopeless resignation.

v
PR .

.

Recommendations g : ' .

There was one common recommendatiop made in all iheéstudi’es which reviewed \
the ‘performance of hegring aids worn by children: the need for the informed in-’
volvement of all parents and professionals in the hearing aid monitoring process. "
It is unlikely in the foreseeable future that the stability and durability of hearing

. * i
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aids will be-sufficiently developed to obviate the need 'for this involvement. What-  *
. ever the technical impediments that preclude the manufacture of the ‘‘child-proof'’
hearing aid, the economic motivation Is simply not there; children represent a_minor
proportion of the total hearing-aid market, from 10,000 to 15,000 hearing-aid sales
- annually. If we accept'the notion that hear'ing-impaired children require the best
functioning hearing aid for their optimal development of communication skills, then
. We must accept the commitment to implement.an ongoing, in{ensive program of
hearing-aid monitoring wherever hearing impaired children are being educated in
school and at home. ’ . . \ ’
The presently fragmented methods of delivering educational and clinical services
to-hearing-impaired children make this 2 difficult goal to-realize -Responsibility for
supervising utility of hearing aids is diffusely distributed among phrents, regular ¢
teachers, special teachers, speech pathologists in the public schools,. indépendent
speech and hearing clinics, and in some localities, educational audiologists. , Educa. .
tional-audiologists possess the greatest degree of professional expertise in the area -
of hearing ajds. In a comprehensive auditory-based program for hearing impaired
children, hearing-aid monitoring is only one component; nevertheless, some way:
must be found to ensure that the skills of the educational audiologist are a functional
part of the child's routine school program. i -
A detaile% examination of possible service delivery models which include the cen-
tral role of the educational dudiologist is beyond the scope of thi§ paper. We have
,some examples in some localities in city and coun?y-wide educational ‘programs
Which employ” educational audiologists to Qversee the recommendation and usage.
of -amplification for the hearing impaired children. This is in addition to their re.
. Sponsibilities in supervising, and perhaps gonducting, the hearing screening pro-
gram. Test facilities are an integral component of such a program (with mobile
" vans an exciting possibility in the more rural areas). Unfortunately, not all State
Education Agencies have certification, requirements for educational audiologists,
so that even if an educational system wanted to employ such persons, there is no
legal way for them to do so. The training of audiologists to meet the new challenge
of providing .audiological necessities for the hardof hearing" child in the regular
school is still lagging at the university level. There is, however, a rising awareness
of t_he,hard_ of hearing child’s needs and a new commitment by training centers to
train a:}iioiogisté to meet this new challenge. What is most negded now is an
. awarendss on the State level of the potential value of educational audiologists, and
an energetic effort to devise educational models and certification requirements
$ 50 that hearing impaired children might have the benefit of the best amplification
and educational programs possible. o ’
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) satisfactorily.

K Description ofPublic School Prog"ram N

" ance two of three times each week.

?

.« A

4 ‘\" . + . -
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" The hearing aid‘gpresents the hearing 'handicapped individual's primary link to
(e § \

an acoustically dominated society. In order to insure that a hearing impaired child ‘

gains the maximum possible educational benéfit through audition it is essential
that heariné aids perform satfsfactorjly oh a continual basis. Unfortunately, several
studies (Gdeth and Lounsbury, 1966; Zink, .1969; and Coleman, 1972) have re-
ported that thevgerforn‘qa'nce;of children’s hearing aids used ‘in the classroom is
frequently inadequate an¥l uhreliable. These studies have estimated that as many
as 40--50 percent of kchi'_ldren’_s hearing aids in the educational setting perform un-
. . .

The purpose of this: study is to contribute further information relative to the
characteristiz:3~oLchil,<‘l[en’s‘h'earing aids as used in a large metropolitan school
system. PR :

S ’ . .
. , \ -

Methods and Procedures -

L]

The sample of hearing aids was taken from the program forthie hearing impaired
_within the special education division of the Los Angeles Unified School District.
This large, diversified edycational program- provides serviceg to over 1,000 mod-
erately and severely hearing-impdired children in the mefropolitan Los Angeles
_area. The program is divided into three basic units. One di ision serves those chil-
dren who are in need of special schools and/or classes. $elf-contained clagsrooms’
for preschool, elementary, secondary, and postsecondayy levels are offered. The
second division is designed .to protide integration fo hearing-impaired children

withiti the regular elemeritary and seconiary schools./In this setting, children re- -

ceive assistance from a,resource-room feacher of the hearing impaired while at-
tending classes and other school activities with stydents of noqmal hearing. The
third division ‘allows the hearing-impaired child to/remain within his or her own
neighborhood school while an itinerant teacher provides specialized tutoria& assist-

L ~

A staff of educational audiologists provides cohtinued audiological management
to the children in each program. For the mosy part, services consist of hearing
“as‘sessménts, teacher-parent-administra copsultation, clagsroom consultation
for amplication equipment, monitoringe)rchidren's hearing aids, and in-service
instruction for classroom teachers of the hearlng impaired. Pertinent to this "study
is the program for hearing-aid management which .began in .September 1975.
Inservice training is provided for the teachers of the hearing impaired to establish
daily monitoring programs within the school system. Teachers are provided with
‘battery testers.and are taught to troubleshoot typical hearing aid problems. Parents
are also provided with information on the care and maintenance of their children’s

hearing aids. 'Samples of, the forms used in the school monitoring program are

showriin appendix A. . o= . v

s : : 13 ,




Sampling Method and Procedures

The goal of this study was to assess 150 hearmg aids, randomly selected froma. *

stratified sample of, hearing aid users in the Los Angeles system. Toward this end,:.
release forms (appendix B) were distributed to 158 parents whose hearing- 1mpa|red
children attended 18 different Los Angeles schools. The parents "of 136 children
consented to provide their children's hearmg aids for study Many of the pupils
“wore binaural systems. From this group, 150 hearing-aids wereimlttally selected
for evaluation.

The hearing aids were examined during the week of February 2—5 1976. The
condition of each aid was inspected first for any obvious problems or physical dam-
age, such as occluded earmolds, bad tubing, cracked cases or receuvars and fray
cords. Electroaeoustic measurements were then obtained for each hearmg id. The
instruments were analyzed at five different central school tocatnoq If only a few’
hearing aids were selected from a specific school, teachers or assistants brought
the children’s instruments to a central location. The hearing aids used by 103~
children were analyzed; 18 wore binaural systems. The.tota examined was 121.

It is.important to note that 37 children who initially were volunteered to partici-
pate in this study either did not wear their hearmg aid on the day of the analysis
or failed tp come to school. Thus, in order" to obtain a larger sampling of hearlng
aids, it Wwas necessary to exbmine mbre binaural’ systems than was antucrpated
Sixty-six, or 54 percent of the instruments were head-worn (ear level); 55, or 45
percent were body-worn; six of the body hearing aids utilized a y-cord arrangement.

. 1 B o .

L

Apparatus_and Procgdures to Establish Electroacoustic Measurements

I

Apparatus : . ' .

An HC 2000 Phonic Ear ACOUStIC Computer, associated with a prototype Rhonic
Ear strip chart recorder (HC 2200), was used for the electroacoustic analysis of

5

the hearing aids. This apparatus provided sweep frequency output response char-

acteristics as well as total, 2r1d and 3rd harmonic distortion in percent for ipput
levels varying from 50—100 dB sound pressure tevel (SPL). The test microphone
and chamber of the acoustic computer were checked on a periodic basis each day.
Calibration of the microphone (High Dynamic Telectret) was checked using a 1’
Bruel and Klaer (4230) calibrator which emits a 1000 H, pure tone at 94 dB SPL.
An external calibration potentldmeter was adjusted until a 94 dB signal was ob- ;
tained on, the dB SPL digital display. ..

‘The SPL within the chamber of the acoustic computer was examined by placmg
the regulator microphone perpendicular to. the sound source about 4" from the
test microphone. An 80 dB SPL input was then’introduced to the chamber and the.

o _calibration potentiometer adjusted until 80 dB was obtained on ‘the dB SPL digital

dlsplay Throughout the experlment calibration was found to remain’stable.

Procedures -

Each aid was analyzed under two different conditions. First, measurements were
taken' at an *‘as worn’’ setting. That is, the hearing aid was examined at 'the same

R “
\ -
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volume setting and battery the child was using at the time. Second, a series of
“standard” measures were obtained, always utilizing a fresh battery.

Each aid was placed in the chamber of the acoustic computer. The output of
each aid’s receiver was- coupled to a 2—cc coupler (Breul and Kjaer—dB 0138)
and microphone. A 34" 'number 15 size tubing was always used in association with
the éar-level instruments. The ampI|f|ed output was then displayed and printed out
by the prototype strip chart recorder.

For the *‘as worn" setting, a 70 dB SPL input signal as recommended by Rintel-
mann and Schumaier (1973) was employed for a sweep frequency and total har-
monic distortion response. The “‘standard’ setting measures consisted of acoustic !
gain, saturation output, total harmonic distortion, and a basic frequency response.
‘The acoustic gain of the hearing aid was determined with the volume control at its
maximum (full-on) position using an input of 50 dB SPL. Saturation output was
measured with the volume control at maximum position and using_ an inputof 90
dB SPL. Total harmonic dlstortron was made agam with the volume control at maxi-
mum and employing an input srgnal of 75 dB SPL. Finally, a basic frequency re-
sponse was measured by using a 1000 Hz input at 60 dB and ad;ustmg the gain .
control until 100 dB SPL had been achieved within the 2-cc coupler.

L4

-
AN

Results : N\

> Physical Condmon of Heanng Aids . «
Twenty-seven percent of the 121 hearing aids were |udged unsatisfactory in at
least one category of physical wear. The percentage of hearing aids considered
inadequate in each of these categories is displayed graphically in Figure 1. Thirty
percent of the, ear-level instruments were rated as having poor tubing. Five pércent
of the total number of hearing aids exhibited either broken or cracked cases, and
+ 8 pergent of the earmolds were found occluded and/or cracked., Finally, of the
body-worn hearing aids, 9 percent had broken and/er cracked receivers; 14 per- . ¥
cent. of the coras were considered unsatisfactory. These findings are in agreement
« with Peck (1969) who found that one-third of 24 hearing aids he\%xamlned were
madequate for classroom use. - . ¢
The batteries of all hearing aids were éxamined for voltage output. If the voltage
reading was less than the fully specrfled rating" fqr a given cell, batteries were
considered weak. Using this criteria, 15 percent qf the hearing aids were not at ,
5 full strength. The findings were better than expec;ed Coleman in 1972 reported .
. that 40 percent of the batteries fromy 25 hearing aids wotn by hearlng impaired
- children failed to attain at least 75 percent of the rated voltage Two factors may
prowde an explanation for the improved results obtained in. the present study.
~ First, “recall that release forms wére distributed to, the parents of all prospective
partlcxpants Thiss may have resulted in parent({t;aklng a conscious effort to
provide a. fully- tharged’ battery on the day of th t. However, the parents did
not know exactly when the aid was to be tested. Another.factor may be the
hear-lng a|d monltorrng program initiated by the audiology staff in September 197&.

. l . .. ’ - .15
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Figure 1.—Percentage of heaﬁrinjg aids exhibiting faulty components.
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Electroacoustic Analysis of -Hean'ng Aids .

- The acoustic data for hearing aids were analyzéd, first, by examining group total
“ harmonic dlstomon (THD); second, by determining the acoustic gain, and third,
by comparmg a sample df bearing aids and their acoustn,c m%rements to manu-
facturer’s specifications,

Total harmonic distortion for the “as worn” and “standard’’ conditions were
.computed for 500, 700, and 900 Hz. The average THD.for the three frequencues
was also calculated. The number of hearing aids in percent exhibifing an _average
THED of >10 percent, >20 percenty >30° percent.and >40 percent is displayed
in Figure 2. As expected, when a 75 dB input is used with the volume contrdl at

. maximum, higher THD measurgs were obtained than was found in the “‘as worn”
* condition. For both conditions,/however, high average THD levels were observed.
Seventy-four percent of ‘the hearing aids exhibited average THD of >10 percent
for the “standard’’ measure while- 27 percent of the hearmg aids m the “as worn”
. qondmon showed THD of >10 percent. .

Significant is .the Iarge number of hearing aids which exhibited average THD
in excess of 20% 30, and 40 percent for the *‘standard’’ and *‘as worn’’ conditions.
For example, with the ‘‘standard’” measure, 48 percent of the hearing aids ex-

. ceeded 20 percent THD, 24 percent were in excess of 30 percent THD, and 14
percent produced distortion greater than 40 percent. In the “as wdrn" condition
10 percent, of the hearing aids distorted greated than 20 percent 7 percent ex-
ceeded 30 percent THD, and 5 percent was greatet than 40 percent THD.

A more detailed summary of the obtained THD levels is presented in Table 1.
This table presents the percentage of hearmg aids exhibiting four different degrees
of THD at 500, 700, 900 Hz and the three-frequency average for both the ‘‘as
worn” and ‘‘standard’’ conditions. Again the large number ‘of ands-producmg dis-
tortion in excess of 20 percent is evidenced. . a

16 L / . )
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v . Table 1 ~Percentage of hearing aids exhrbrtlng degrees of THD at 500, 50 %d
. 900°Hz and a three-frequency average for both *‘as worn" ah stan \vq
R ard" measure conditions, N N
Amount THD (in %) as worn THD (in %) standard measure
or THD 500 Hz 700 Hz 900 Hz Aver. 500 Hz 700 Hz 900 Hz Aver.
>109% 31 23 21 27 64 73 67 - 74.
) >209% 14 10 9 10 50" 50 35 48
. >309% 11 8 7 7 31 28 16 © 24
‘ >40% 8 6 - 4 6 19 15 }2 14

A
Acoustic Gain

-

* The ataustlc\galn at 500, 1000, and 2000 Hz Wes averaged for the ‘‘as worn”
and “standard” conditions. It'is of interest to note that for most children the
. acousfic gain was considerably less in the “as worn’’ settmg than at'the ‘‘standard”
setting. For example, the mean acoustic gain for the 121 hearing aids in the *‘a

‘worn’’ condition was only 38 dB, while the mean gain for the “standard" measure

was 59 dB—an average difference of 21 dB.
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Figure 3. —-Percentage of hearmg aids producmg gam value 40 dB or"iess

Figure 3 |IIustrates in more detail the différences whuch existed between the
two cgnditions. This figure displays the percentage of hearmg aids wuf’hm ea
condition producing specified acoustic gain values. Appafent’is the number of
hearing aids producing low-gain vaIues at the “‘as worn” setting. Over 40 percent
of the hearing aids produced gam levels of 40 dB or leSs, while.27..percent pro-
duced gam values of >30 dB. Addmonally, the small pertentage f-alds wuth
acoustic-gain values of <40 dB using a_“standard” meéasure impjies that most
. mstruments under this condition produced values in excess of 40 dB. .

" The acoustic-gain values in the “as worn” setting suggest that rany of the

children with severe-to-profound hearmg losses were wearing their-hearing aids at g

volume control settings insufficient ‘to compengate for the hearing umpaurment To

examine this. possibility more closely~35 of the children’s hearing aids were ran-

domly selected from the pool and their “‘as worn’’ gain values were examined in
relation to the hearing loss. Twenty of “the losses were classified -as profound

(>91dB), ten were severe (71.50 dB) and five fell into he moderate -severe cata-

gory (55-70 dB). For those children with profound hearing Iosses4 25 percent of

the hearing aids produced gain levels of 35 dB or less. Fifty per’centof the heaging

aids yielded gain values of <35 dB for the severe’ hearmg Ioss category-and'B
percent for the moderate-severe losses. These findings are srmrtar to the* resulfs
of Gaeth and Lounsbury (1956) who reported that gain was madequate for 52 per- -
cent of the hearing- -impaired children examined. Other mve§t;gators have similarly
reported that individuals tend to use hearing’aids at Iow gdin levels (Brooks 1973;
Martin, 1973 Skalka and Moore, 1973; and Bryne: and thteld 1974v) o

~ .~
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- and I8wer limits for the entire. response curve

Comparison to Manufacturers’ Specifications . o

“Thirty-five, or 29 percent of the hearing aids were randomly chosen from the
“pool of 121, and sélecjed acoustic measurements were compared to the manu;
facturers’ specifications. The electroacoustic measurements chosen for study in-
cluded acoustic gain, saturation output, and basic frequency response. Tolerance
limits suggested in the draft -proposal of the American National Standard For.
Specification of Hearing Aid Chatacteristics (S3.22, 1975) were modified and used
{o determine whether a ~§eleq'ted aid agreed with the manufacturers' published
specifications. ) ‘ . .

o

5/-

For acaustic gain, a tolera of =5 dB of the manufacturers’ specified value
for the avérage of frequenciés 500, 1000, and 2000 Hz was considered acceptable. -
For saturation. output, allowable tolerance was examined first for peak value at

* 1000 Hz and second for*an.average of,500, 1000, and 2000 Hz. In both instances
allowable tolerance was any value falling within. 4 dBof the manufacturers’ ©
.spegified amount. To establish the tolerance linits for the basic*frequency response
cuite the following procedure was employed: ’ .5“ '

From the manufacturers’ published frequency curve the average forresponse values
1000, 1600, and 2500 Hz was determined. Twenty.deécibels was. then subfracted
from this amount, and a horizontal line was drawn parallel to the abscissa so that -
it intersected at both the high and low frequency ends of the response curve. A
+4 dB tolerance was used gt the {fow band for frequencies up to 2000 Hz and
+6 dB at the high band fer frequencies between 2000 and 4000 Hz. The upper

could then be calculatede Addition-

. ally, a horizontal allowance of = 10 percent in frequency was permitted.

- The percentage of hearing aids failing to agree with manufacturers’ specifications
for the. different acoustic measures is summarized in Table 2. Regardless -of the
measure, 25 percgnt og-more of <the hearing aids failed to meet manufacturers’
specifications. More importaritly, 80 percent of}he instruments did not agree with
the publisted specifications for frequency response. While it is apparent that many
of the hearing aids were not compatible with the.manufacturers’ data, intehKeta-
tion of these findings must be made with.some caution. First, not all manufactaring
tompanies specify how an acoustic measure was determined; and under such con-
ditions we assumed that procedures suggésted by the Hearing Aid-Industfial Con-.
ference (HAIC) were employed. Second, hearing aid models are constantly being-
modified and’ refined. Consequently, the same model may exhibit some minor -
changes in electroacoustic. specifications over a pe;iod of time. Giwen the time
limitations of the present investigation, it was not-possible to obtain the specifica-
tion information supplied at the time of manufacture of the. hearing aids evaluated

~

»
.
‘-

. Table 2.—Percentage of hearing aids failir;g to agree with many]'gcturer_s' specifi-
« & cations for 'selecteg;%agtroacoustic measurements (N =\35). .

»
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Acoustic gain® Saturation output Frequency response

1000 Hz average ) {
38% - 259 » 30% . 80%
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*Brooks, 1973; Martin;, 1973; Skalka and Moore, 1

- .

~
.

in this study. Nonetl;eless, this writer is impressed wjth the numper of aiﬂs not
meeting specifications, when available. -, . o

¢
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U - Disgussion .

The results of this stu}iy confirm previous- reports that a |arge percentage of
¢hildren’s hearing aids in the public school setting do not provide adequate per-
formance. Irrespective of the measure analyzed, a minimum of 25-30 percent of
the hearing aids were found to"perform upsatisfactorily. L .

The physical’ condition of the, hearing aids was judged inadequate .27 percent
of the time. This finding'is somewhat surprising in view of the at]'(ﬁologic. hearing-
aid monitoring program in effect in the school that cooperated in this study. Per-
haps the fnonitoring program needs to place more emphasis on the care and main-
tenance of hearing aid components. Only 15 percent of the hearing-aid battéries
were not at full strength. This result represents an_ improvement over previous

findings (Coleman, 1972) and is most probably due to the hearing-aid monitoring .

programs provided by the audiologic staff. .
The data obtained on harmonig djstortion are difficult to interpret. Not only is a

¥

standardizéd measurement unavailable, it is not yet clear what effects distortion .

has on the hearing aid user. Some research, however, has suggested. that harmonic
distortion in excess' of 20 percent causes. degradation of speech' intelligibility
(Harris, Haines, Kelsey, et al., 1961). In, the present study, 48 percent of the
hearing aids exceeded 20 percent THD for the “standard” measure.- The large
number of hearing aids showing high distortion levels may be due partially to our
use of.a 75 dBinput. Such a Ievelvapproxirpates the point c\f saturation* for hearing
"aids, thus accounting for higher distortion values. . ‘ *

. Nevertheless, the nonlinear distortion .values obtained in this study were. greater
than one expected to find in the average hearing aid. Lotterman and Kasten (1967)
observed ‘harmonic distortion as a function of gain-control rotation In 35 clinic
stock instruments using a 70 dB SPL input. At the maximum gain-control settin
they found that the nonlinear distortion for body-worn hearing aids (N-17) aver-
aged 21 percent at frequéncies 500, 700, and 900 Hz; ear level instruments
averaged 9.6 percent. The present study observed considerably .higher distortion
values using similar measurement procedures. ' ?

The “‘as worn" measure of harmonic distortion may provide a more realistic
indicator of the distortipn affecting the hearing aid user. Ten percent of. the instru-
ments exceeded 20 percept THD. However, over 40 percent of the children used
volume settings which produced gain values of 35 dB or less. Such mild gain
settings most likely resulted in a lowering’of the overall THD value$ in this, study.

A significant finding of this investigation was the acoustic-gain values obtained
in the *“as worn’’ condition. Many children with severe—profound hearing lgsses were
wearing their instruments at volume setting insufficient to overcome the auditory -
impairment. In fact, some of the children were receiving only minimal benefit from
their hearing aids at the *“as worn” volume setting. _ ) :

It has been reported previously that personsiselect gain settings which appear
insufficient to compensate for the hearing impairment}(Gaeth and Lounsbury, 1966;

73; and Bryne and Fifjeld,

1974). Brooks (1973) indicated that for every 2 dB/of hearing foss, the average
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hearing aid user empJoyg a gain of 1 dB. In this investigation many children wore
the volurme control at gain settings which were less than one-half the amount of
hearing impairment, For example, in a-sample of 20 chil}dyé'n’with profound hear- -
ing losses (>90 dB) 45 percent used gain settings of 35}18 or less. -t

Three possible explanations for this result are profferei First, the high distortion
levels found in_the “‘standard” condition with the control at magjmum may have
caused many of the children to wear gain settings-at a lower level. Another cause
may be poor fitting earmolds. Children may have reduced the gain levels in an
effort to avoid excessive acoustic feedback. Finally, audiologists and other educa-.
_ tional staff may not be training children to wear their hearing aids at appropriate

‘

gain levels. 1t is important that audiologists, teachers, and parents know the rec- 2
ommended gain setting for & specific child and to insure that the child is wearing> - %
this aid at the desired level. McCandless (1973) has offered an alternative expla”
nation for low-gain settings. He purports that gain levels are~—xeduced ‘to avoid . .o
environmental sounds from exceeding discomfort levels. According'té McCandless,
discgmfort levels seldom surpass 110 dB SPL for subjects with hearing losses up
to 65 dB. A 40 dB gain hearing aid, then, cd¥ result in amplifying sounds'of 75 dB . '
into a discomfort range. The -problem of gain-setting requirements among _ngné
& children needs further study." e .
% From the sample of 3% hearing aids, many failed to agree with the manufac-
- turers’ published specifications. Such a result lends additional support-to the preva-
g lent view that many children’s hearing aids in the public schpols are inadequate
 and are c‘pnsequently providing minimal benefit to the user. .
Finally, while it is apparent that many hearing aids in tl'n/s study were not satis-

factory, it is important to stress that the overall findings' appear more promising
_than the results of previous research. An examination of earlier work (Peck, 1969;
Coleman, 1972; Gaeth and Li_)uhsbury, 1966: Zink, 1969) suggests that araverage

of 40-50 percent of children’s hearing aids are malfunctioning. The results in the '
presez\t study were somewhat better than this. This improvement must be attributed

at least in part o the monitoring progra/m of the audiotogic” staff. Unfortuhately, .
t\oo few public school systems employ educational audiologists. - - ) |
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Conclusions b S

. ’ ; 4 ‘

The ma]pfﬁndings'of ",the report include: - T 5
1. In27 percent' of the hearing aids, the physical condition of the instrument -
was rated faulty. . . y - - .

* 2. Only 15 percent of the hearing aids used weak batteries. .. v
3. For av“standaf'd!' measure, 48 percent bj the hearing aids grp’duced
THD of >20 parcert. In the “‘as worn” setting, 10 percent of the hearing aids »
used.%cg HD >20 peréent. o - ey -
4. Overd0 percent of the children set their volume controls at levels which *™< ’

produced gain values of <.35dB. _ . . - ’
5. A minimum of 25-30 percent of a sample of hearing aids failed to agree
with the manufacturers’ specifications. Eighty percent of these aids did not

" meet specifications?or a basic frequency response. T ;e
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. p'rogramsj need to intensify their efforts to -monitdr, trouble-shoot, and %éntain

- programs for teachers, speech and language pathologists, and ancillary staff
* to be ingreased. Teachers-must concern themselves with the particular hearing-aid _

C e

' 'Recommendations = - -,

a . Y

“In view of the"’findings described in this répott, it a-ppears\that'public school,

the hearing aids of aurally-handicapped children. The number of inservice "ining
needs
needs of their children. Parents should alsq continue to be a primary target for
these programs. For all inservice training, the vatue of th¥ educational audiclogist,
working in conjunction with public school staff, cannot be’ overemphasized:

The feasibility of training paraprofessionals or aides to monitor hearing aids
shoud be explored. Thede persons could assist professionals in the intensive daily
monitoring of children’s hearing aids,. *~ . .- . . -

- All school programs for the hearing-impaired should have immediate access to
hearing aid testing equipment capable” of measuring distortion products and fre-
quency response curves. Many of the problems uncovered in this study could ‘be
quickly remedied if testinggquipment were available. Such a recommendation does
not seem unrealistic now that rather simple, inexpensive portable equipment is
available. -t : L A : .

In" large educational programs for the hearing-impaired such as the$pecial edu-
cation division of Los Angeles, serious consideration should be given to employing
a hearing aid repair technician to assist in maintaining children’s hearing aids. Addi-
tionally, each educational program should have a large supply of components for’
-a variety of types of hearing aids.'Proérams should also maintain a, diversified
number of stock hearing aids for the-hearing-impairel children.

Finally, there appears to be a need to research hearing aid gain requirements
among hearing-impaired children. Infermation is needéd about the relationship °
between gain and such parémeters as degree of hearifig I%ss, -audiometric coifigu-
ration, differences in €lectrdacoustic’ responses, fand discomfort thresh@lds. The
pros and consof uging fixed gain settings should be explored. SR
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At least three purposes for making electroacoustic measurements of he/rmg

- -aids have emerged since Romanow (1942) first offered suggestions for standardiz-

ing such tests. While these purposes are not necessanly separable, they place dis-
tinctive demands on measurement strategies. N

! The™ most obvious goal for hearmg -aid measurement is the eng’meermg goal.

Here, the task is to determine whether design criteria have been- metjsto ascertain.

contributions to total system variability arising from components, and to insure
an ~acceptab|e level of quality control in the manufacture ofshearing aids, Measure-
ment strategles fulfilling these objegtives must be accurate, réliable, efficient, and
cost-effective. Examples of attergpts to further these goals include standards docu-
menits issued by the Hearing Aid Industry Conference (HAIC, 1961), and by various
stdudards organizations (American National Standards Institute—ANSI S3.3, 1960;
ANSI $3.8, 1967; International Electrotechnical Commission—IEC 118, 1959).

".A second goal can be.‘termed scientific. Such measurement strategies have as
their objective the identification of electroacoustic phenomena and the discovery
_of cause-effect relationships among electroacoustic and perceptual events. Generali-

" zations are sought which promote development of accurate, data-efficient engineer-

.. ing and clinical procedures for dealing with hearing aids and people. Especially
important are the logical cross- .connection laws linking the statistically average
hearing aid user to the real listening world through engmeermg and clinical data
(Chial and Hayes, 1974). Examples of this approach are given by Harris, et al.
(1961), Jerger and Thelin (1968), and Burkhard and Sachs (1975).

A third objective is clinical. The task here is that of matching people to ma-
chlnes The very difficult job faced by those who pursue this goal is to determine
whether a*particular aid provides maximum—or even acceptable—beneflt to a
glven hearing-aid user. Here, methods are sought which are not only accurate,
reliable, and efficient, but a|so which can validly predict the future function of
hearing aids and the people who use them in their everyday lives (Chial and Hayes,
1974; Carhart, 1975). Examples of the clinical approach are found in the reports
of Schumaler and Rintlemann (1973), Pascoe (1975), and Coleman (1972).

One concern shared by those with engineering, scientific, and clinical interests
in hearing aids is the matter of performance tolerances—the limits within which
an aid must function to remain within stated specifications. Phis concern is re-
flected ip recent activities of standards writing groups (Academyof Rehabilitative
Audiology—ARA, 1974; U. S. Food and Drug Administration—FDA standard pro-
posal draft 5, 1975; ANSI standard proposal $S3.22 draft 51, 1976). .

The development and, evaluation of tolerance criteria is especially important
with respect to hearing aids used by children. It is well established that as a
group, hearing-impaired children have the greatest need and the least ability to
secure consistently adequate amplification. Coleman (1975) summarized the re-
sults of several earlier studies (Gaeth and Lounsbury, 1966; Zink, 1972; Coleman,
1972; Porter, 1973) with the observation that fully half of .the hearing atds worn
by children can be expected to function poorly or not at all. This disturbing obser-
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_General Approach - .

% -

.

vation persists despite the use of ‘‘very liberal mlnlmum requirements for hearing
aid performance” by |ndependent investigators ‘whose work spanned nearly &
decade, .

One factor not adequately known is how consistently proposed tolerance criteria
can be applied to electroacoustic data obtained on children’s aids under différent
conditions. The purpose of this study was to contribute an answer to this question.
An important aspect of the guestion 'relates to the availability, quality, Ynd suffi
cuency of comparative infornfation (e.g., manufacturers’ specmca%ons for hearjng
aids), Exrstlng standards methods were used for this reason.

.
P - .
. ~
[
5

‘° " Method ‘o

N {

Two classes of information were gathered from each-hearing aid tested in this
study. Both classes of data were obtained with the hope that judgments could
be made about the general agequacy of a hearing aid, and (to some extent) about
the adequacy of the device as operated by its user.

Qualitative data were acquired through a physical inspection of each aig and ’
its battery. Thus information is similar to that sought in service inspeétions pro-
vided by hearmg aid suppliers, audiologists, and classroom teachers.

Quantitative data were gathered through standardized and specialized electro-
acoustic measurement procedures. This class of information is typical of what

. might be obtained at a manufacturing plant, service center, or audiology clinic.
. Data were gathered through field (Bess, 1976) and laboratory (present study)

measurements of the same group of aids. Laboratory measurements were taken
in a manner similar to that described by Bess except that different equipment was
used a different individual operated the equupment and the data were gathered
at different times. A

‘Comparisons between field' and. Iaboratory electroacoustic data were sought to
ascertain the reliability of sueh measurements, and to determine the consistency
with which decisions can be made about hearing-aid fadequacy Additional com-
parisons related manufacturers’ specnfncatfons to empirical informatipn collected
in the field and in the laboratory. ™ ‘

H Vo

~
-

Hearing Aids: Selection and Degcription of Sample ‘ o .-
- 6}4 o

g

Bess (1976) described selection methods, measurement procedures, and the
results of a field study of 121 hearing.aids used by children enrolled in the
Specual Educatjon DIVISIOn of the Los Angeles Unified School District. A sample of .
16 aids was selected by Bess from this larger group tested ‘in the*field. Rental
devices were provided fo children whose aids were subjected to laboratory testing.

Hearing aids were to be surrendered in an ‘*‘as worn’ (AW) condition. Earmolds
and batteries were removed, and gam and tone controls were secured in AW posn-
tions with adhesuve tape. The_aids ‘were then shipped (wuth batteries, but without '
earmolds or tubing) to the Department of Speech Communication at the Univer-
sity. of Texas at Ausfin for measurement. Approximately 3 days were spent in
transit; the aids were inspected immediately following arrival.

.
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* -Ten of the hearing aids were of ttﬁ; body type, whilé six were ear level devices.

In all,-eight -manufacturers were represented. The aids differed widely in vintage
and design: all were equipped with externéj*gain controls and tetecoil circuitry;
13 had "either internal or external tone centrols; five permitted adjustment of
maximum power output; two were equipped with “automatic gain control circuitry;
and one had a diréctional microphone. Thus, the sample can be considered repre-
sentative of the population of hearing aids used by hearing-impaired children. It
was assumed that the sample also was representative of the group of aids, tested
by Bess (1976). ' .

1

Qualitative Assessment

<N

Objective

The purpose of this assessment was to establish whether judgments of hearing-
aid adequacy could be made from direct observations which require little or no
special facilities. All hearing aids were examined within 2 days of their arrival.

"

Procedure

. Identifying information was cataloged indicating type of hearing aid, manufac-
tarer, model, serial number, type of battery and receiver (if any), and project
identification number. Gain, output, and tone-control settings (internal and ex-
ternal) were noted; considerable care was taken to mark or otherwise identify the
AW positions of adjustable external controls. ‘

One feature -of the physical examination was battery voltage. Batteriés were
measured with a digital voltmeter (Tektronix DM 501) under each of three con-
ditions. First, voltage was measured with rio load applied to the battery. Although
such measurements are common, they convey little information about the ability
of a battery to supply current to a circuit. Therefore, the battery was placed in
parallel with a 680 ohm load resistor for a period of 1 minute, whereupon a second
voltage reading was taken. This load was selected to simulate a 1-2 ma current
drain; a relatively short load duration was. specified to minimize the effects of
measurement on later electroacoustic assessment. The load resistor was removegd,

“the ba{tery allowed to recover for 1 minute, and a third voltage reading was taken.
The difference between pre-load and post-recovery voltage was taken as a figure
of merit for the battery under test: the smaller the measured difference, the better.

YA battery was considered defective if the first voltage measurement was more-

than 10 percent below the nominal value of the_cell, or if the voltage differénce

between the first and third measurements exceeded 5 pyercent ‘of the nominal value

of the cell.
Hearing aids were inspected for evidence of cogrosion, “dirt, cracks in aid, elbow,
or receiver, clogged sound paths, frayed cords, damaged connectors, etc. Each

aid was fitted with a fresh battery and an earmold. External controls were'checked |

for gross integrity. Variable gain and. tone contfols were checked for smoothness

of operation (mechanical and acoustical), and freedom from noise. The input-.

selector switch and telecoil .circuit were checked by placing the aid near a~b{93d
band electromagnetic noise source. R,qi:eiver cords and connectors were manipu-

° @
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‘Kpparatus’ .

»

lated gently”to check for intermittency. Overall sound quality was checked by
listening fo music passages at each of several heéring-aid gain settings.

. E
Data Reduction ) C

Observations were recorded on a form devised for that purpose. Departures
from ideal function were dichotomized as being ‘“minor” (i.e., not likely to impair
hearing aid performance) or “major (i.e., of a type or magnitude likely to degrade

‘performance).

1

Quantitative Assessment -

Objective

e N / .
These measurements were interided to describe the electroacoustic perform-
ance of the hearing'aids pursuant to determinations of merit. Data were collected
il two groups over a period of about 10 days following receipt of the aids.

= \

Description. Like that reported by Bess. (1976), the laboratory measurement
method was an automatic comparison method. Figure 1 illustrates the equipment
used to gather electroacoustic data in the Iaboratory Swept- frequency, sine wave
signals produced by a wave analyzer (General Radio 1523-P4) were routed to a
level regulator (General Radio 1569), and then to a passive high-pass filter (F.=50
Hz). The filter output was directed to a‘power amplifier (Maclntosh 50), through
a fuse to a loudspeaker (Radio Shack P/N 40-1341) housed in a test chamber -
(Bruel & Kjaer 4212). The inner walls of the test chamber (which simulates an
anechoic space for the frequencies of interest here) were filled wlth sand.

A 1l-inch pressure mlcrophonea(BrueI & Kjaer 4144) was fixed in a position
within the test chamber. The output from this microphone drove an amplifier

““(Bruel & Kjaer 2608), then ithe control signal line of the level regulator. The

function of the control channel was to sense the sound pressure level (SPL)
generated in the.test chamber,”and to vary the output of the regulating amplifier
such that the SPL seen in the test chamber was sonstant across a range of fre-
quencies. Thus, the control channel compensated for irregularities In.the frequency )
respanse of the loudspeaker, and for frequency nonlinearities arising from the
interaction betwéen loudspeaker and test chamber. .

A second microphone-amplifier combination (identical to the first) was employed
to sense the SPL generated at the output of a hearing aid. The measurement
channel micxophone was fitted with a 2 ¢m3 acoustic coupler (Bruel & Kjaer DB
0138) that could be mbdified to accept either “button’” receivers used with body
ai tubing, for connection to post-auricular devices. According to the manu-
facturer this coupler meets the requirements of IEC standard R 126, 1961,
ANS| document Z 24.9, 1949, and (essentially) ANSI 3.3, 1960. The Bruel & Kjaer -
4212 test chamber has high-pass filters (F.=150 Hz), one in the output line of
each microphone channel. These filters were engaged throughout this study,

A reversing switch permitted routing the signal from either microphone to the
wave analyzer. The control channel signal was selected for level caltbration, the

*
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Figure 1.—Block diagram of ins_trhm'entation used to make electroacoustic measurements
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measurement thannel signal for heating-aid measurements. The wave analyzef was
equipped with a tracking filter (100 Hz wide band-pass in this case) synchronized
in frequency with the wave analyzer oscillator. The graphic {evel recorder (General

Radio 1523 with 1523-9661 chart paper) produced a permanent amplitude vs. fre-
quency record, The level recorder was equipped with a 100 dB range potentiometer.

An aljternate signal generator (General Radio 1309-A) was used as a low:
distortion source of fixed- frequency ‘pure tones. for measurements of harmoruc
distortion. A frequency counter (BRallantine 5500A) permitted calibration of fre-
quency, and ‘a mucrophone calibrator (Bruel & Kjaer 4230) was uSed to callbrﬂ'(
level.

. Calibration. The jnstrumentation descrlbed above met or exceeded the reIevant
hearing-aid measurement system requirements for automatic comparison systems
as described in IEC 118, 1959; ANSI S3.3, 1960; HAIC, 1961; ARA, 1974; FDA
propvsal draft 5, 1975; and ANSI $3.22 proposal draft. 51, 1976. Compliance
with tolerances given in these standards was verified by measurement before and
after data were taken from hearing aids. The single exceptlpn to compliance may °
" have been that relating to the effects of stray electromagnetic fields (field intensity
was not measured); otherwise, the system was within stated tolerances with respect -
to freguency linearity, frequency accuracy, amplitude linearity, amplitude accutacy,
recorder system accuracy, harmonic distortion, total system noise, and pqsitional

The graphic Tevel recorder pen position control was set to yield an appnoprlate
deflectron for this slgnal The. calibrator was then placed on the other microphone
and the: sensrtlvuty of the measurement channel ampllfler was’ adjusted to pro-
duce an identical pen deflectuon Thereafter changes in“input srgnal level were
“accomplished at 1.0k Hz with”the regulating amplifier level control and verified
with the control channel measurement amplifier. Frequency accuracy was call
brated with the digital frequency counter, which was always in parallel with the
input to the passive filter immediately preceding the power amplifier.

All measurements were, taken with the wave analyzer tracking filter, engaged.
Frequeng€y Yesponse measurements were taken from 100 Hz to 6.5k Hz at a sweep
speed of10 seconds per decade frequency, Distortion measurements were taken
from a lower frequency limit defined-by. the driving frequency (500 700, or 900

. Hz) to an upper limit of 6.5k Hz at'a sweep speaed of 50 seconds per decade fre-

tions for the aids tested ]'he intent of AW measurements was to duplicate those
taken under similar condifions in the field study. In the second condition (STD),
hearing aids were operated in accord with ANSI S3.3, 1960 and in accord with-

-
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the measurement conditions indicated on manufacturers’ specification sheet$. The
intent of STD measurements was to duplicate those made by he*ar,ing-aid manu-
facturers, ' . . ¢

Al Condition v S

LY

"The battery shipped with the aid was inserted and controls were positioned as
they had been when the-aid was first examined. The.aid was placed in the test
chamber®so that the microphone of the aid fell within a test area of approximately
3 ¢m2 marked on the .support screen. Thus, the hearing-aid microphone o'pgning
was perpendicular to the loudspegker diaphragm and parallel to the plane of thg
control microphone. The 2 cm3 acoustic coupler was attached to the measure-
ment ‘microphone. For body aids, the hearing-aid receiver was secured to the
coupler by means of a standard rubber gasket, and the"’rriigrophone-coupler assem- .
bly was placed in its receptacle outside the test cavity, Fhe internal receivers of
post-auricular aids were joined to the coupler by meané of a 34-inch Iength of
number 15 AWG (id) flexitjle tubing and a nipple plat inserted, in.the coupler.
_ For these aids, the measurgment microphone-coupler as bly was Placed inside
the test cavity. The tubing used for AW condition tests had the s#ree nominal ’
dimensions as that used by Bess (1976). . '

The test chamber was sealed, a signal was introddced at a SPL of 70 dB, arid
a frequency response curve was recorded. This tuf/vg was considered the ‘‘basic
response curve” for the AW condition. Additional frequency response curves were
taken at, input SPLs of 50, 60, 80, and 90 dB. o
- The wave an8lyzer oscillator and the level regulator were then disabled, and
the low-distortion sine-wave Benerator was placed in circuit. This oscillator was
.successively adjusted to produce driving signals of 500, 700, and "900 Hz at 4
SPL of 70 dB. The wave analyzer was swept across the frequency range noted
previously, for each of the three driving signals. The resulting curves characterized
the nonlinear (harmonic) distortion of the 3ids. '

- . .
) -

STD Condition . N

"

. ©
“

Following AW condition tests, ‘“‘standardized’” measurements were made. Man:
ufacturers’ specification sheets were consulted for information about fubing dimen-
sions, tone-control settings, power-control settings, and any other"factors relevant
to electroacoustic analysis. These conditions were duplicated for .each aid. A
fresh battery was inserted, and the aid was placed in the test'chamber. i

A 1.0k Hz signal was produced at a SPL of 60 dB. The gain control of the
aid was adjusted to produce 40 dB (coupler) gain or full-on gdin, whichever was *
less. A frequency response curve was then recorded. This was the ‘‘basic respopse
curve” for the STD condition. Additional curves were recorded for input SPLs of
50, 70, 80, and 90 dB. : R

The altegnate signal source was engaged, and pure tones of 500, 700, apd 900
Hz were geherated at a 8pLwof 75 dB. Harmonic disfortion curves were taken for
each of the three input signals. ' : :

The test chamber was opened, and the‘tﬁeari'rig-aid gain c_ohtrol was advanced

to its full-on position. Frequency response curves were generated for input SPLs
of 50, 60, 70, 80, and 90 dB. The output record produced by the 50 dB input

[
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signal was consndered the basic descriptor ofa.acoust'i'c gain under the SFD gon-
dition. The result of the 90 dB input signal represented the performance of+the
aid at saturation. Typically (but not inevitably), a 90 dB input signal” produces
' the (greatest amplitude output signal’an aid can provide. The saturation condition
was verified, for each aid by increasing the 'SPL of a 10k Hz tone t6 100. dB. Fi-
nally, a full-on gain distortion series was run for drlvmg frequencres of 500, 700,

and 900 Hz at 75 dB SPL. ‘ - NP -

Other Information ’ &

. ¢ o~

The original curves generated by Bess (19¢6) in the field study under conditions
analogous to the present AW and STD conditions were obtained. Th,us field, and
- laboratory data were available for the same set of auds
A set of derived indices of hearing aid performance were generated. from raw
data (curves). With the exceptlons noted below, data reduction foIIowed the pro-
cedures outlined in ANSI S3.3, 1980 HAIC, 1961; ANSI 838 1967; «arid IEC,
118, 1959. Except for harmonic distortion, identical data reduction methods w re
followed for field and laboratory data sets.
Average acoustic gam was defined as the mean of the dlfferences betweer1 inp
SPL and output (coupler) SPL at 500, IOk and 2.0k Hz. Average acoustic gain-
‘is expressed in decibels re: input SPL. Peak acoustic gain_was defined as the

frequency (Hz) and coupler- leyel (dB re: input SPL) at which the - greatest garn .
was produced. These rmeasurements were taken from (1) the STD condition ain - -

curves produced at full-on gain and an input SPL 0f*50 dB, and from (2) the AW
condition curves generated for an input SPL .of 70 dB. o

Average maximum power output (MPO), or average saturation output was e-
fined as the mean coupler SPL at 500, 1.0k, and 2.0k Hz with the 7aid Set to
full-on gain and with an input signal of 90 dB SPL. Peak_power -output; or peak
saturation output, was defined .as the frequency (Hz) and coupler SPL (dB) at
which the greatest output amplitéde was,observed. These indices were ‘computed
from STD condition curves generated at fulgon gain and an |nput of 90 dB SPL.

Bandwidth was specified as in ANSI S3.8, 1967. Average acoustuc gain was.

computed for the ‘basic response curves” (AW cond|t|on—-70 dBlinput;.STD
condition—60 dB input SPL with 40~dB gain at 1.0k Hz). A point 15 dB below
average acoustic gain was located on the 1.0k Hz ordinate. A reference line was
drawn from this point, parallel to the frequency axis. Theé points at which the
reference line intersected the basic* response . turve designated a Jow frequency
cut-off (F.) and a high frequency cut-off (Fy).

Index of response irregularity (IRl) is a measure of the smoothness of a fre:
quency response curve: Originally devised by Jerger and Thelin (1968) and modi-
fied for use here, IRI is not a part of existing hearing-aid measurement standards.
However, it does permit numerical expression of the shape of a transfer function.
A clear plastic template was built consisting of a base level line and a set of
parallel ggs separated by 2 dB intervals (relative fo recorder papet dimensions)
rising, above the base level. A pair of ordinates marked the frequency dimits of
interést. The base line was aligned over the lowest excursion of the curve, and a
count was made of how many times the transfer functuon crossed 2 dB intervals
from 200 to 5.0k Hz. Different templates were used for field and laboratoty. data
because chart paper scales were not the same. Ideal IRl can be defined as O—
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a "perfectly_flat frequengy response. IRl was determined for ‘‘basic response
curves” gathered in AW (70 dB input) and STD (40 dB gain for a 60 dB input
SPL) conditigns. . I

_ Total harmonic distortion (THD) was measured differently*for field and laboratory
dgta. This was necessitated by instrumental differences. For labdratory data, THD
was defined as ; -

~

&

N

JEw -
% THD =100 —3F—— .~ .

. ’ - 1

. 5
where A is sound pressure amplitude (in Pascals) and where the subscr’ipt denotes
harmonic number; Operationally,” THD was determined from wave analyzer curves
by (1) finding the decibel difference between the output amplitude at the driving (
frequency and at each of several harmonigs of that frequency; (2) converting each
decibel difference to‘a ratio (percentage); qd (3) finding the square root of the
" sum of the squared ratios. Computationally,

. N
. % THD = /Y. P2

i=2 -
-

. . X . .
where P, is the ratio (percentage) of energy at harmonic i relative to the funda-

mental (i=1). THD values Were determined for driving frequencies of 500, 700, r

and 900 Hz, then averaged and expressed as a percentage.

The approach outlined above differs from that given in virtually all extant and
proposed standards for hearing-aid measurement. The defining equation cited in
the standards is equivalent to: :

N -t
“ = .
B N .
%THD;—=100 S AL 3 .
i . 1=1 ‘\
Note that the denominator in the last equation includes the fundamental and all
harmonics’ of the fundamental, whereas the apgroach taken in this ‘study was to
define the\ denominator in terms,of the fundamental alone. In an ideal case the
two approaches will yield the same result for measured THD up to about 10
__percent; for larger amounts of distortion, the equation cited in the standards
systematically underestimates distortion. Usually,.devices that follow the approach
given in the standards estimaté the denominator simply by measuring the RMS
amplitude- of ‘the entire o(utput siénal, including noise not harmonically related to
the input signal. Thus, féf low amounts of distortion and low amplitude driving
“signals (or noisy test locations),- distortion may be overestimated, For these rea-
$ons, the index defined in the\standards is more properly termed-total harmonic
distortion *“‘factor.””, The index*tised” in this study is “true’ harmonic distortion
(Tremaine, 1969, p. 1291). The distinctioi between the two definitions of THD

l. M
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would be moot were it not for the fact that high distortion figures are common jin
hearing aids operated at or near saturation (Curran, 1976). It is probably’incorrect
to speak of hearing aid distortion as a Aunitary phenomenon—there will be as many
types of distortion as there are ways to measure it (Burnett, 1976).

Field study THD curves were generated with a signal swept across the entire
frequency range, father thaniat a number of fixed frequency driving signals. Evi-
dently field study equrpmeg\
noted above (i.e., a tuned rejection filter). For "these data, percent THD was read

_directly from drstortlon curves at frequencies of 500, 700, and 900 Hz. Resulting
values Were averaged and expressed as a percentage. For both data sets, percent

= THD was determined for the AW condition (70 dB input) and for the STD condition
(at the 40.dB gain' setting, and at full-on gain, both .for a 75 dB input signal).
STD condition measurements of THD correspond to ANSI_S3.3, 1960.

used the def|n|t|on given in the standards and -

¥

»

Qualitative Assessment

. 8
Results and Discussion

- .

* )

Two of the 16 aids (12.5 perceht) presented serious battéry problems as
worn: one aid was shipped with an almost fully dnscharged battery; ‘another had
no battery at all; a third aid had a battery that evidenced some corrosion. Thus,
a total of 18.8 percent of the sampl _had minor or major battery problems. This
“failure rate is less than what has been found in previous studies (e.g., Coleman,
1972)," but corresponds with the results of Bess (1976): 15 percent of the aids
had batteries at less than full strength.

One aid (6.3 percent) had a damaged case and mlcrophone sound path Three,
others (18.8 percent) showed damage to receiver cord,
additional aids (18.8 percent) demonstrated minor refeiver problems (e-g., hair-
line cracks in case). Two aids had controls with serjbus malfunctions, and three
presented subjectively poor sound quality. In all, seven of the 16 aids (43.8 per-
cent) evidenced one or more problems considered sufficient to adversely mfluence
performance; 87.5 percent (14 aids) showed minor or major problems; and 12.5
percent appeared completely free from problems at the time of the'qualitative
assessment. , '

_ The basic failure rate of 43.8 percent may underestimate the actual @tatus of
this group of hearing aids for either of two réasons:,_ First, since earmolds and
connecting tubing were not available for inspection, some potential uli
(e.g., feedback) could .not be determined. Second, owners of the aids were re-
portedly involved in a hearmg -aid maintenance program and may have been aware
that their. aids were to be evaluated. The present data indicate a failure rate

/somewhat higher than the 27 percent found by Bess (1976) in the field study
of 121 aids. The difference in failure rates between the field study gnd the present

.~ effort’is probably due to sampling effects and differences in thg criteria of the
respective examiners. Failure rates ranging from one- fourth to offe- haIf seem con:
sistent with other reports of similar assessments. -

'
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_ Quantitative Assessment o . / '

One difficulty faced in the analysis of these data was a reduction in sample
size arising from incomplete manufacturer data (no information on one aidy, field
data. (no information en one-aid), and labpratory ‘‘as worn’* condition data,(two
aids wer6 yntestable: one had no battery; the other was received with theg gain
control turhed off). An aid was included in theé analysis'of a specific electroacoustic

" index only if complete data were available. This produced sample sizes ranging

from 11 to 16 aids, depending on which electroacoustic measure was involved.

.
-

STD Condition Measurements
X vy
These findings relatesto questions about consistency 'of measurement and the
merit of hearing aids, per se, as opposed to the adequacy with which the aids
were used by their owners. T ' ‘ '

Field, laboratory, and manufacturerdata were summarized and'sta\tistical com-
. parisons were made among the three data sets. The significance of, mean differ-
. enceg among data sets was determined through analyses of variance (ANOVAs)

and post-hoc t-tests, when indicated. The level of confidence, for all statistical tests

was Pa<.05..Exact probabilitiesof ‘observed F-ratios were found, as were estimates °

.

Table 1-Summary of results of selected amplitude measurements of hearing aids
taken under standard conditions (ANSI $3.3, 1960). Empirical data were
taken in field and laboratory seitings.

A - . * Average ‘Peak
.Ave‘rage Peak maximum maximum_
acoustic - . acoustic power ~ power
gain . gain output output )
(dB) (dB) (dB-SPL) (dB-SPL) ﬁ
- V) d 4
Laboratory X 551 63:6 1273 91327
assessment s.D. 168 149 8.1 7.9
Field X 52.9 63.9 128.8. 183.6
assessment SD. 17.3 15.1 11.1 11.8 }
. Manufacfurer ~ X: 601 685 129.0 133.7
data . S.D- 127 10.0 5.4 4.6
NN 14 14 VRN §|
F 5771% . 1993 979 .158
P (Fobs) 5 009, .155 . .624 999
Strength of - .
association w? .18 - .. o—- — «
oF significaqt at Pe=.05. ' .
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) " ! of the strength of the experimental effect («?). »? describes the proportioe:jf score
) 'variation ‘‘accounted for"' by the differences afmong data sets. Where“pairs of
[ ~ a

data sets werecompared, Pearson product-moment correlation coefficient (r) and
coefficients of determination (r2) weré computed. r designates.the similarity agong
data mets, while r2 describes the proportion of score variance *“accounted for” by.
the relationship between two sets of scores. ' . o
Table 1 presents the results of STD condition measurements of gain and satu-
ration. Three of these indices produce very similar results for all three data sets:
peak acoustic gain, average MPO, and peak MPO did not differ.importantly across
field, laboratory, and manufacturer measurements. However, field and laboratory
. estimates of average acoustic gain were both significantly lower than manufac-
. turers’ specifiﬂ'tions (the two empirical estimates did not differ). ,

Table 2 (right half) summarizes STD condition measurements of F, and F,,.. h
Mean 'values for F, did not differ sigrificantly among the three data sets. However, - .
field and laboratory measures of F, were different. Fhis occtrred despite the fact
. that neither empirical data set differed significantly from manufacturers' speéifjca-
tions. An inspection of raw scores for F, indicated that field results were consist-
. - B " . b
Table 2.—Summary of results of selected bandwidth measuremenis of hearing ajds ¢ ¢
, taken u‘ndé’r@standard (STD) conditions (ANSI $3.3,.1960) and as worn
e <3« (AW) conditions. Empirical data were taken in field and laboratory Set-
. tings. . N ) )
z ) i
‘ - As worn condition Standard condition
S basic response curve basic response cupve @
(" (70 db input) (60-dB input)
Low High low ° High N
. - fre. - fre- fre- fre-
* - quency quency quency quency
) - . H . (H) ¢ (H9) (Hz)
k) K] .
-Laberatory . X 281.8 3895.5 '292.1 864.3
asséssment sD. 1173 665.0 120.6 6198 ‘
Field X" 336.4 4627.3 _ -321.8 4578.6
assessment S.D. 1201 10518 = 117.8 1026.7 -
Manufacturer X 320.0. 4109.1 3443 - 41286 C
" data ) S.D. 217.2 401.1- 244.0 410.3 _
‘ N / Coon 11 14 14 .
‘ F , 597 6.421% 584 6.593* S
, . .
P¥ud) 790 007 803 005 -
* Strengthof ./ . L . : c
‘ - association w2 — .24 — . 61 K

\ / ’

*F significant a{ Pa=.05.
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. ehjll higher than laboratory results. This may have been -caused by acoustic

coupler,-microphpne, or level recordé.r speed differences. In any event, it is almost

-

certainly a measurement artifact. .o,
~ Tabje 3 gives correlations indicating the similarity among the three data sets
for the measures summarized in Tables 1 and 2. Field and laboratory measure-
ments were markedly similar: the correspondence between the two sets of meas-
urements accounts for 67—90 percent of the score variance. Correlations among
(1) field and manufacturér data and (2) laboratory and manufacturer data sug-
gest that the laboratory measurements were somewhat more: consistent with pro-
. totypic specifications for ﬁ\ese aids. That field and laboratory measures_differed
is not parti€ularly surprising considering instrumental and other differences (Sin-
clair, 1976; Ely, 1976). The important implication is that at least some tolerance
criteria. will be influenced by the variations encountered between laboratory and
field measurements. " s
The conclusions-to be drawn ffom the results presented thus far are (1) as a
group, the aids. performed essentially as they were designed to perform and (2)
field and laboratory measures were reasonably consistent. An exception to the first
generalization is averagé acoustic gain: aids produced mean gain values 5-7 \dB
less than those indicated by the manufacturers. An exception to the second gen-
" eralization. relates to high-frequency cut-off: field data produced scores about 18
percent” higher than laboratory-data. However, neither empirical data set differed
from specified data by more than about 11 percent.
Percent total harmonic distortidn also was measured under STD conditions.

\
a [

Table 3.—Pearson product-nﬁomeﬁt correlation coefficients (r) relating field, labora-
) tory, and manufacturers’ data gathered under standard conditions (ANSI
$3.3,1960). " - . .

[ :
v " -
- Field data . . A
i Laboratery data Vs Laboratory data
Vs manufacturers’” Tvs
field data data manufacturers' data
N\

Average acoustic R .7 )
gain - 0.95* . 0.79* 0.88*
Peak acoustic o . . -
gain .94% ¥ 53 65*
Average o . . A

. MPO .95* .91+ L91*
Peak ' o ) o
MPO < 91 . 86 .80* ,
Low frequency .
cut-off .94* ] .39 .53
High frequency ‘ .
cut-off . .82* .39 .33
*r significant at Pa=.05; one-tailed. < ‘ Ry ’
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These results are glven in Table 4 for reference gain and full-on gain settings.
Manufacturer data are not shown fe-:‘:}use they did not exist: in no instance was
THD information guven for the referepte gain setting; in the two cases where such
data were reported for_the full-on gain setting, non-standard frequencles‘were
used, precluding any comparisdn to empirical data.

As anticipated, both empirical data setjproduced significantly higher THD °

scores for the full-on gain setting than. for th@ reference gain condition. Field and

laboratoty measurements did not differ s|gn|f|cantly for the full-on sett|ng
Similarly, reference gain mean THD scores did not differ between field and Iabora
ory data.sets. These results suggest that the field and laboratory measurements
/Were similar, but correlations between the two data sets indicate otherwise. Only
the full-on gain settlng produced a sighificant r (.75), accorf‘ntlng for 57 percent

. of the variance in THD scores. A reasonable interpretation is that there was no
systematic relation between field and laboratory estimates of reference gain THD.
Differences in the underlying definitions for harmoniq distortion probably account
for the poor correspondence between field and Iaborai:ry resuIts for the reference
gain condition, and for the apparent transverse interaction between the factors of
data set and gain setting. As implied in the methods section (above), Jthe instru-
mental solution to THD employed irt the fieldstudy may have overestlmated dis-
tortion in the reference gain condition and underestimated distortion in the full- -on
gain>setting. Other possible sources of megasurement error are differences in test’
chambers and loudspeakers (Curran, 1976)

Table 4.—Results of totat harmomc distortion measusements of 12 hearing" at
tested under three conditions of operation. Dnvmghfrequencnes were
500, 700, and 900 Hz. See text for discussion of differences in -meas-
urement methods between field and laboratory data. Tabled values are

percentages
-
As worn condition " Standard condition-
we, basic response curv. reference gain  Full-on-gain
- (70 dB input) (75 dB input) (75 dB input)
Laboratory X 41 . 5.8 2\I/1
S.D. 36 - 6.7 13.8
¢ . ‘ .
Field ] X 7.1 8.4 19.3
Y | s.D. 6.8 8.7 154 .
Correlation . . "
coefficient r .32 .004 .75%
Coefficient o ‘ ‘ _
determina_tio r2 .10 . . .002 ' .57
. t 1.60 0.87 -  0.60

o significant at Pa=.05; df=10; one-tiled.
. Kt significant at Pa=.05; df=10; two-tailed.
4
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"Table 5.-—Resuits of frequency resbonse irregularity measurements of 12 hearing
' aids under two conditions ‘of operation. Tabled values are counts.

’ As worn condition Standard condition
basic response curve B basic response curve
R (70 dB input) (60 dB input)
. ‘ Laboratory '
' X 121 12.3 -
S.D. 6.6 . 7.8
Field
. - X 21.8 . 223
) S.D. 9.4 ool
Correlation :
coefficient . r° .30 .46
Coefficient of
determination r2 .09 .21 .
t 3.45* . 3.99*

*t significant at Pa=.05; df =11; two-taileds

v

{

- Table 5 shows the results of field and laboratory determinations of frequency
response irregularity made under STD conditions at the reference gain setting. The
two data sets produced.different results: laboratory measures indicated signifi-
— cantly less irregularity between F, and F, than did field measures. Moreover, the
correlation ‘between the two data sets was not significant. Higher IRI scores for
" field data probably are related to the fact that field estimates of F, were highet
than those made in the laboratory. Very obviously, these electroacoustic indices

are not independent. ' ‘ '

''''' - AW Condition

The results of as worn condition measurements are given in Table 6. Although
field and laboratory mean -estimates of average acoustic gain differed by about.
7 dB, the differences were not consistent enough to be significant. Peak acoustic
gain scares differ significantly between the two data sets, however. Neither index
of gain—peak or average—resulted in a sigﬁificant correlation between data sets.
These findings complement those of Coléman (1972) and Kasten, Lotterman, and
Revoile (1967) who observed considerable variab'ility in gain curves as a function
of time. ‘ ' T e

Mean THD scores were 4.1 percent and 7.1 percent for laboratory and field data,
respectively. While these scores did not differ significantly, the two data sets wyere
not highly correlated (r=.32; not 'significant). Both data sets produced THD
scores lower than would be expected from prior research (Coleman, 1972; Lotter-

I man and Kasten, 1967; Kasten and Lotterman, 1967). )

AW condition measures of frequency response irregularity, F,, and Fy presented

a pattern of results very similar to what was found for STD condition measure-

vy
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Table 6.—S}Jmmary'of results-of selected electroacqus'tic measurements
’ ing aids as worn by their users dnd ag measured under each of two as-
sessment conditions. Measurements were made using an input_sound

- pressure level of 70 dB (re: 20 ,Pa) as seen at the control microphone.

¥

of 12 hear-

Total Index
, /. har- of ‘
Average Peak monic  irregu- Low High
" acoustic acoustic  distor- larity fre- fre-
. gain gain tion . (Count) -quency quency
(dB) = (dB) (%) ~ response (H2) (H2)
Laboratory X . 281 363 41 121 314 3904
assessment S.D.- 123 11.3 36 6.6 158 635
Field X 357 467 71 218 352 4658
assessment S.D. 11.6 10.2 ‘6.8 94 126 100?
Correlation .
coefficient r 38 . 31 32 .30 84%  95%
Coefficient of L. .
determination  r2 14-, .09 .10 .09 71 - 91
t 1977 2.83** 160  345%¢ 153  595%* °
*r significant at P =.05; df=10; one-tailed. ~— :

*2¢ significant at Pa=.05; df =11; two-tailed.

’

ments: field data produced significantly higher values for IRl and F,: F, results
were essentially the same. ' . ‘
Comparing AW condition measures to manufacturers’ data provides some in-
sight into the relationship between potential and typical hearing-aid performance.
One index of interest is average acoustic gain. The AW gain setting produced
significantly less gain for field data (t=8.11; df=10; two-tailed) and for ‘labora-
tory data (t=8.34; df=10; two-tailed). for the laborator data set, the relation-
ship between .AW condition and manufacturers’ estimates. of gain accounted for
only 34 percent of the score variance (r=.59, significant). For the field data set,
the %elation between AW condition and prototypic definitions of gain was (r=.61,
-significant), leaving 62 percent of the total score variance unaccounted for. The
AW condition also produced appreciably less gain than was found in the empirical
STD condition-(see Table 7). Obviqusly, users of these,aids received significantly
less gain than the aids were capable of providing. While this may suggest prob-
lems for effectiveness of use, it also indicates that children operate aids at levels
well below saturation (gain is specified as a full-on index by the standards). These
results are consistent with those of Martin and Grover (1976), who reported that a
large group of cHildren with no signs of loudness recruitment tended to operate
their aids at 4.2 dB of gain for each 10.dB of hearing toss (both measured at 1.0k
Hz). ’ .

-~ . L4
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Table; 7.—Results of avéragé acoustic-gain measurements of 12 hearing aids un-
/fﬁw der two conditions of operation. Tabled values are given in decibels
(re: input sound pressure levels noted).

As worn condition - Standard condition
basic response curve Full-on
(70 dB input) (50 dB input)

X 28.1 . 544
S.D. 12.3 16.7

X 35.7 515
SD. 11.6 ° 17.4

~t .
Correlation
coefficient b . .38 .96%

Coefficient of .
determination r2 . .14 92

* t

*r significant at Pa=.05; df=10; one-tailed. I
**t significant at Pa=.05; df=11; two-tailed. £

3

As shown in Table 4, the hearing aids were operated by their users in ways
that produced somewhat less THD than what was found under either STD éondi-
tion in which THD was measured. AW condition THD did not differ significantly
from STD condition reference gain setting THD for either field or laboratory data '
set. However, for both .data sets, AW condition THD was significantly less than
what was found.in the empirical STD test condltlon when ands were operated at
full-on gain. \ P .

Estimates of F,,, Fu, and IRl made in the AW condltlon did not differ si nlflcantly
from similar estimates made in the STD condition. This was th¢ case for both
field and laboratory data sets.

Dgternﬁnations of Merit

One purpose of this study was to_use available data and suggested tolerance
criteria to answer questions about the ‘merit of thé hearing aids tested under
laboratory and field conditions. Three proposed standards include electroacoustic
performance tolerances (ARA, 1974; FDA proposal draft 5, 1975; ANSI. §3.22 «
proposal draft 51, 1976). The standards offer criteria which differ in absolute
value, and the three documents are dissimilar with respect to dperational defini-
tions for individual electroacoustic indices. Moreover, proposed tolerance criteria
are based on measurement methods and data reduction procedures that depart
significantly from those used here and advocated in ANSI S3.3, 1966, and ANSI
. 83.8, 1967. For these reasons, there is a legitimate question about the validity of
applying such criteria to the present data. . >

it appears that the rationale for specific criteria glven in at least two of the
pr0posed standards (FDA proposal draft 5, 1975, and ANSI $3.22 proposal draft
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51, 1976) 'is based upon manufacturing tolerances “for the components of hear-
ing aids; e.g., resistors (Qlsen, 1976; de Boer, 1973) Some tolerance limits
appear to be largely arbitrary. If these observations are correct, then differences
among definitions of measures+ become less important than the need for close

_ correspondence between empirical data and the specifications to wh|ch they are

compared. For this reason, and because available manufacturers’ data were (nomi-
nally) defined and gathered in terms 6f ANSI S3. 3, HAIC, and ANSI S3.8 standards,
it seems reasonable to apply the tolerance criteria given by the proposed standards
to the present data.

Decisions about the adequacy of a hearing aid can be made using relative and
absolute tolerance limits. An example of *a relative criterion is one that states
that average MPO for an aid should be within 4 dB of prototypic specnflcatlons
(ANSI §3.22 proposal draft 51, 1976). An absolute criterigq ist one requiring
that average MPO should not exceed 135 dB SPL (ARA, 197®), or one stating
that THD should not exceed 10 percent (ARA, 1974). Such criteria were applied
to prototypic specifications and to the field and laboratory data gathered here
under STD conditions. Not all of the tolerances stated in the proposed standards
could be applied because some mformatlon was not available from manufacturer
data sheets.

Results of aIIowabIe comparisons are given in Table 8. Significance tests were
not performed on these results. One electroacoustic index for which data existed

was average acoustic gain. ANS| S3.22 proposal draft 51 states' that measured,, -

full-on geain shall be within =5 dB of that cited by the manufacturer. Using this
rule; nine out of 14 aids tested in the field (64,percent) and eight of 15 aids
tested i the laboratory (53 percent) failed to meet specifications. Identical failure
rates were found using the £4 dB criterion given by FDA proposal draft 5 (the
third Standard—ARA, 1974—specifies no tolerance limit for average acoustic
gain). These failure rates seem apprecuably hlgher than the 38 percent reported
by Bess (1976) for a group of 35 aids.

Several tolerance limits have been proposed for MPO. ANSI S3.22 proposdl draft
51 lists a relative criterion of = 4 dB for average MPO, while FDA proposal draft
5 cites a criterion of = 3 dB for peak MPO. Forty percent of the field-condition
aids and 47 percent’of the laboratory-condition aids Jfailed to meet the ANSI cri-
terion. Using the FDA tolerance limit, 45 percent of the aids measured in the field
and 67 percent of the same aids measured in the laboratory failed to meet speci-
fications. These valueb compare to a 30 percent failure rate for average MPO for
“the 35 aids analyzed in the field study. The ARA proposal places an absolute upper
limit of 135 dB SPL on peak MPO. For the present aids, failure rates were found
to be 40 percent and 31 percent for field and laboratory data sets, respectively.

The ANSI and FDA proposals state that the THD of a hearing ald shall be noted,
but no tolerances are given. The ARA proposal states that an aid shall produce no
more than 10 percent THD when operated at a level 10 dB below saturation. It was
felt that the STD condition reference gain setting approximated this operating level,
since all but two aids achieved the reference output level at less than full-on gain.
For this condition, then, failure rates were 17 percent for the laboratory data set

and 33 percent for the field data set: Applying the 10 percent rule to full-on gain.

setting measurements, 67 percent of the aids measured in the laboratory failed to
meet criterion; 50 percent of the same aids tested in the field were not within speci-
fications. These failure rates compare to a somewhat higher rate of 74 percent for
. . +
\
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Table 8.—Failure rate percentages and proportions (in parentheses) for hearing i
. _aids measured under standard conditions and compared to manufac-
" turers' specifications for selected electroacoustic indices.

Y

‘. . > ' Field Laborafory v

data data
Average
acoustic gain +5dB
(ANSI) 649, (9/14) " 539, (8/15)
+4 dB .
(FDA) 649% (9/14) 539 (8/15)
Maximum
power output +4.4B, average )
(ANS 409% (6/15) 47 % (7/15)'
+3 dB, peak ’
(FDA) 459 (5/11) 679% (8/12)
<135 dB, peak )
(ARA) 40% (6/15} 319 (5/16) *
Total
harmonic .
distortion <109% . .
- " (ARA) s 33% (4/12) 179% (2/12)
Low ) -
frequency
cut-off +209% - .
: (Present study) 719 (10/14) 479 (7/15)
High , .
frequency !
cut-off +209%
(Present study) 50% (7/14) 279% (4/15)

-

“the 35 aids measured by Bess (1976) aN full-on gain setting. The 10 percent
_maximum allowable THD criterion was also applied to distortion data gathered in
the AW condition, though these results are not given in Table 8. For the field data
set, 27 percent (4 out of 15) aids-had THD in excess of 10 percent; for the labora-
tory data set, 15 percent (2 out of 13) aids failed to meet the 10 percent maximum
THD oriterion. Comparatively speaking, these results seem encouraging, but it must ’
be recalled that many children operate aids at gain levels so low that the benefit
from amplification is questionable. If the two aids that could not be tested in the
laboratory AW condition were actually being used as they were received, these are
mdeed cohservative estimates of failure rates.
All three proposed standards cite tolerances. for frequency response curves meas-
ured under some de(mltlon of reference gam (“basic frequency response’’). Origi-
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nally, it had been planned to apply thege tolerances to empirical curves. However,
manufacturers’ basic frequency response curves were available for only two of the
15 aids for which prototypic specifications were obtained. Of course, this is con-
trary to the measurement guidelines of the Hearing Aid Industry Conference (HAIC,

1961), as well as IEC—118 1959; ANSI S3.3, 1960; and ANSI S3.8, 1967. Such
failure to comply with standards is not at all uncommon. An alternatlve approach
was developed wherein empirical and prototypic data were compared in terms of
low frequency cut-off apd high frffiquency cut-off. Consistent with the apparent ra-
tionale underlying the specificatidn of tolerances in ANSI S$3.22 proposal draft 51

'~ and FDA proposal draft 5, a criterion of + 20 percent was'designated. For F,, 71

percent of the aids in the field data set were considered out of specification, while
47 percent of the laboratory data set aids failed the criterion. For Fy, failure rates
were 50 percent for_the field data set and 27 percent for the laboratory data set.
For the response curves gathered in the field, 93 percent of the aids (13 out of 14)
failed t0 meet the = 20 percent criterion for either F, or F,. Sixty-seven .percent”
(10 out of 15) of the aids measured in the laboratory failed to meet either F, or Fy
specification. These last figures correspond to the 80 percent failure rate for fre-
quency response curves found by Bess (1976) in the field study of 35 aids.

To summarize, each of the 15 aids (100 percent) assessed under STD cohditions
in_the laboratory failed to meet one or more of the electroacoustic tolerances given
in Table 8. Sixty-seven percent failed two or more tolerance criteria, and 33 percent
failed three or more critéria. The field data set produced somewhat poorer results:
allrof the 14 aids (100 percent) failed one or more tolerance comparisons; 86 per-
cent failed two or more; and 50 percent failed three or more_criteria. Even though
significance tests were not performed on computed failure rates, it is evident that
field and laboratory data sets produced different estimates of merit for the same
group of aids tested using comparable methods. This is not surprising when it is
recalled that the two data sets produced significantly dijffererit estimates of Fy,
THD, and IRI. It is further evident that the field study of 35 aids (Bess, 1976) pro-
duced different estimates of failure rates than dld either of the data sets discussed
here .

* Failure rate results were .compared for qualitative and quantutatlve assessment
strategies. For this purpose, an id was considered defective if it failed two or more,
of the quantitative tolerance “criteria given in Table 8, or if one or more ‘“‘major"’ -
failures were detected during qualitative inspection. Results are given in Table 9.
For the laboratory data set, four of 15 aids (27 percent) were considered inade-
quate by both assessment methods. The percentage of similar merit determination
outcomes for the two assegamment methods can be summed to yield an estimate
of net agreement between methods. Similarly, percentages of dissimilar out-

comes can be added to estimate net disagreement. Dividing agreement outcomes ‘

by disagreement outcomes yields an estimate of the overall correspondence between
the two assessment methods. This ratio is 0.67, somewhat less than what would .
be expected due to chance alone (1.0). This approximation to detection analysis
suggests that even a fairly rigorous quality assessment produces failure identifica-
tions substantially different from those found through@fectroacoustic measure-
ment. It is noteworthy that the two aids that could not be tested electroacoustically
. .in the laboratory AW condition (one had no battery; the other was turned off) were
correctly identified as faulty through qualitative assessment, but not through STD
condition quantitative measurement,
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. Table 9.—-—Compﬁrison of failure rates for hearing aids assessed qualitatively and
quantitatively. See text for details.

N . Quantitative assessment
. (standard condition~|9boratory data set)
Pass "t © TFail
o Pass . 13% ) 409%
Qualitative (2/15) . . (6/15)
asssssment Fail 209 - ) 279%
(3/15) & (4/15)

—

General Discussion

.
:

The findings described here are discouraging to say the least: 100 percent of the
aids tested in the field or in the laberatory failed at least one tolerance criterion.
However, several factors must be kept in mind in interpreting these results;

First, different measurement equipment, different equipment ope/ators, and/or
different test times can pragluce significantly different results. This can occur de-
spite reasonable attempts to maintain consistent measurement strategies arid con-
_ siderable effort to insure that different instrumentation systems meet the require-
ments of existing standards. Similar results are reported by Sinclair (1976) and
Ely (1976). This fmdmg has implications not only for the reluabnllty with which
.decisions of merit can be made but also for the validity of such determinations.

Second, comparisons between, prototypic data and empirical data produce judg
ments about the merit of hearmg aids, per se, and not necessarily about the benefit’
(or lack of benefit) a given aid may provide to a given hearing aid user. Obviously,
extreme failures to meet tolerances (say, a THD of 60 percent) bode ill for success-
ful hearing-aid yse. But the importance of less extreme failures (say, a THD of 15
percent) has not been established, With respect to THD specifically, strong argu-

ments can be made supporting the desirability of values in excess of 10 percent |

(depending on how distortion is produced and what other signal processing may
accompany it—e. g., Thomas and Sparks, 1971; Smaldino, 1972; and Chial, 1973).
The point is that ‘‘distortion” (however defined) is not necessarily bad. Some trans-
mission system non-linearities improve perfbrmance for some listehers. The criteria
given in standards proposals may or may not serve the needs of engineering quality
control, but they are not universally accepted as’ being relevant to scientific or clini-
cal electroacoustic measurement needs (Curran, 1975). It should be noted that
virtually all the available engineering guidelines for hearing-aid design rest upon
factors relevant to adults, not children (e. g., the articulation index). The needs of °
children, who are in the process of acquiring speech and language, may be very
different from the needs of adults (Carhart, 1975). At best, proposed tolerances
can contribute information about whether an aid is functioning as it was designed
to function. The tolerances say nothing about the”wisdom or value of the design,
nor about the wisdom with which electroacoustic and audiometric data may have
been used to match children to aids, nor about the benefit provided by a given aid.”

Third, it has been obvious for some time that exustmg measurement standards

-
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(most particularly, the current favored’acoustic couplers) do not produce data
very similar to what is observed in rea| ears (see Chial and Hayes, 1974, for re-
view). Thus, there exists no Pecessary connection between moderate departures
from tolerance limits and what would be expected to ocour in tgg auditory canal of
a hearmg aid user. Existing 2 cm3 couplers are designed as limited simulations of
. . the peripheral auditory systems of adults, not children: Indeed, differences Between
couplers and ears are probably more important than departures from’ specifications,
up to and including the relative tolerance limits given in proposed standards. It can-
N not be assumed that two aids which meet tolerance criteria for a given design quI
produce the same benefit for a specific Fearmg aid user. ~
_ Fourth, there is the matter of how extensnvely and specifically manufacturers’ data .
are used in selecting amplification for a given child. If such data were ‘critical to the
selection of amplification and if the validity of this use of.electroacoustic informa-
tion were demonstrated, then the outcome of failure analyses like that presented
here would be extremely important. The simple fact is that except for fairly general
\ ' guidelines, we do not really understand what is required to provide optimum benefit
from amplification (Martin and.Gyover,” 1976). Carhart, in one of his last published
statements on hearing: aids, summan‘zed this problem most succinctly when he
stated that we are without benefit of a systematuc theory of hearing-aid application
(Carhart, 1975). <. g
Finally} it must be stressed that the most direct (and probably the best) way to
answer questions about the adequacy of a child’s hearing aid is,o measure listen-
ing performance with the aid adjusted ‘as it is worn by the child. This approach en-
tails its own very serious problems, for chuldren—especnally young children with
limited or nonexistent oral-aural skills—are often quite “difficult to test. Neverthe-
less, behavioral confirmation of the probable effects of misuse or underuse of am-
plification is necessary. Some work has been done alohg these lines (Brooks, 1973;
. Byrne and Fifield, 1974; Asp, 1975; Pascoe, 1975; Martin and Grover, 1976), but
considerably more data are needed on a broader range of electyoagoustic par-
ameters, listening conditions, and age groups.

.

- -

t

, Conclusions and, Recommendations

This project attempted to assess the consistency withﬁwLic/h electroacoustic
measurements can be made of childrens’ hearmg aids and the conmsistency with
which such data can be used to answer questlons about the integrity or merit of
these aids. Also of interest was the cor}sustency with whuch'qualltative and quantlta'!
tive assessments’ of hearmg aids ldenttfy faulty devices. The same group of hearmg
aids used- by children were measured under field and laboratory conditions. The
two measurement conditions diffefed with respect to equipment, operators, and the

f\\ time at which measurements were taken. Electroacoystic performance tolerance

limits. were selected from among those' advocated bys€urrently proposed standards

for the electroacoustic measurethent of heating ajd§. Cqnclusions are as follows:

1. Heafing aids worn by children tend not t0 be within suggested tolerances
. of manufacturers’ specifications. Two estimates of failure rate emerging from
- .~ this study are 86*percent (field .data) and 67 percent (laboratory data). All
) . of the aids tested in the field (N =-14) or in the laboratory (N = 15) failed
, . P .




, at least one electroacoustlc tolerance check.
2. Different instrumental methods yield different estimates of some electro-
’ acoustic indices. Those measures least affected were average acoustlc gain,
peak acoustic gain, average maximum power output, and peak maximum \
power output. Indices most affected were those related to details of transfer
' functions. !
3. Differences in instrumentation produce dlfferences in merit determinations.
This was so for groups of aids, as well as for individual aids. *
4. Qualitative and quantitative assessments of hearing aids yield. dissimilar
judgments of merit. This was the case for groups of. hearmgfalds and for aids
" considered individually. - .
5. Some questions about hearing-aid ‘adequacy cannot be answered because
of insufficient comparative information from manufacturers: hearing-aid pro-
ducers typically do not adhere to existing industry standards for electro-
< acoustic measurem
. 6. Some questions about the adequacy of a hearing aid as worn by a particu-
lar child cannot be answered because of madequate information about audi-
* tory impairment.
7. Specific criteria for electroacoustic and other determinations of mer|t are
important factors in judging hearing aids, per se, and in evaluating aids as
worn by their users. ’ )

Efforts to insure consistent and adequate perfOrmance of hearing aids used by
* children need to be increased. This oft-made statement of need is in no way “dimin-
ished by the. problems of technical measurement discussed here. One—but only
on;e-—aspect of this effort should be electroacoustic* monitoring of hearing aids.
The problems associated with such measurement .suggest the .need to approach
the design of monitoring programs with some caution. The use of electroacoustic
tolerance limits and other’ criteria for verifying hearing-aid performance must be
tempered by recognition of (1) the effects of differences in measurement equip-
ment and methods, even when those differences seem to be minor, and (2) the
distinctions between issues of engineering quality control and audiological-educa-
tional benefit. The availability of relatively inexpensive electroacoustic measurement
equipment is by no means a panacea. Many serious faults can be detected only
through careful physical inspection. Many such faults will be completely missed by
*  standardized electroacoustic measurement regimens.’
: The best considered program for snonitoring hearing aids through applicatiom .
rational tolerance limits will be ef little value unless more complete and better
documented data are provided by hearing-aid manufacturers. Except for the most
blatant problems, the absence of such information leaves us with a severe “rubber

to accept a national standard and abide by it.

The lmportant role of the child's hearing aid needs to be stressed to every person
in a position to help that child. This includes teachers and parents audiologists,
hearing-aid dealers, and school administrators. Teachers are especially important,
for it is the classroom teacher who is most often regarded as an authority by the
child and by his parents. If the teacher is unconcerned, or is unsure about what a
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heariné aid is and how it works, then the serviceg of even the finest support team
may be inadequate. A primary objective for the tédcher should be to motivate the
child to accept responsibility for his own hearing aid as soon as possible.

Serious consideration should be given to the development of physically more
robust hearing ajds equipped with ‘“‘child-proof” controls that can be set in fixed
positions.

Additional effort should be directed toward the refinement of hardware .devices~
capable of monitoring hearing aids in vita. Preferably, these dewces should be ‘cap-
able of simple retrofit to existing aids, and should produce an easily noticed signal
in the event of failure. “HAMDU" (Hearing Aid Malfunction Detection Unit) is one

-such device which shows, great potential (Roeser, Gerkin, and Glorig, 1976).

More information is fifeded relating electroacoustic events in aids as obtained
with existing and, proposed standards to what happens at the child's eardrum. In
~other words, we need validating information for electroacoustic measurements. This
suggests tHe nee acoustic couplers that more closely model childrens’ ex-
ternal ears, (2) more exacting tolerances for electroacoustic measurement systems,
and (3) serious consideration of other electroacoustic indices of performance (e.g.,
intermodulation and transient distortion). Results of these and other efforts may
help us phrase electroacoustlc\ olegance limits with realistic implications for habili-
tation and rehabilitation= .

Finally (and perhaps most importantly), there is a need to learn more about the
effects of hearing aids on the child’s auditory perception of his world. More infor-
mation is needed relating the electroacoustic parameters of hearing aids as worn
to children’s auditory abilities and deficits. If information of this type can be gathered
from both succedsful and unsuccessful users of amplification, we may be better
able to devise.ratibnal guidelines for selecting and configuring héaring aids for
children. What is called for here is a behavioral: “failure analysis’ similar to the

- electroacoustic failure analysis permitted by specification tolerances. Of course, this

implies the need to discover or invent efficient and effective audiological methods
for assessing listening behaviors in aurally handicapped children. -

All of these efforts must recognize the” inherent.circularity of "the problem of
relating electroacousfic and psychoacoustic data. Neither class of information con-
stitutes a clear and simple “‘truth reference” fot the other. If hearing-aid technology
is to continue to progréss, it must do so through the closest possible cooperation
of those engineering, scientific, and clinical interests in hearing impaired children.

’
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b Preface
. X J ‘

" These *‘guidelines” “are the fifth revision of a document. drafted 4 years ago by
the Joint Commlttee on Audiology and” Education of the Deaf.*They reflect a great
deal of mput from educators and audiologists with compromises among differing
points of view. These “gundelmes” have been approved by the Leglslatrve Counctil
and the Executive Board of the American Speech and Hearing Association (ASHA)
and by:the Ekecutive Committee of the Conference of Executives of American
Schools. for the Deaf (CEASD). The Assocuatnon and the Conference are the parent
groups of the Joint Committee.

The document speaks for itself.-In this preface we report some of our observa-
tions made on the path toward acceptance of the “gundelmes” and our thoughts
about their umplementatlon .

In hone of the doubts, reservations, suggested revisions, or requests for clarifica-

~ stion that we received did anyone questlon the validity of the three premises upon
which the:document.is ‘based: (1) the normal primacy of the audutory channel for
+gpeech and language development, (2) the evidence relating to'the qxtent of resid-
ual hearing among ‘‘deaf’’ children, and (3) the currently inadequate exploitation
of residual hearing. This is a heartening observation, especially considering that we-
sought oplmons from those on either side of the: oral/manual controversy. The
primary cause ‘for concern about the gu:delmes was_economic: where would the
money” come from' to implement such recommendations as the audlologust/pupn
ratlo -

The members of the Jaint Committee recogmze the economic realities of our

time. Many of us are, or have been, adm;;lltrators of schools. We know the diffi-

culty administrators have in securing adegyhte funding, even for worthwhile pur-
poses. But this is precisely the task admifistrators face: acting primarily as educa-
tors and child advocates, to convince financial sources to support educationally
sound programs and then to aIIocate existing resources to reflect educatlonal
prlorlt?es The availability of accepted guidelines for audiology services makes it
possible for the audiology component of equcatuonal programs to compete with
other components for limited financial resources.” "

We should like to see the “‘guidelines’” implemented immediately in all éduca-
tional settings serving hearing: |mpa|red children throughout the country. We know -
that is not_going to,happen. We do believe that educators who are serious about
the use of residual hearing for hearlng impaired” children will do their best to
begid the process toward implementation. As the process. develops we expect to
experience problems as well as positive support for the guudelmes to learn from
these experiences and to modify future guidelines accordmgly We have simply
made a beginning. “The performance of hearlng |mpa|red children in the future will <
gulde our future “efforts. -
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Guidelines

Many preschool and school-age children have hearing impairments severe
enoigh to affect their ability to function normally-in an educational setting. Al-
thomrgh each child has a legal, constitutional right to comprehensive qualtty services
in educational settings, fewer thap 50 percent are currently receiving appropriate
serwces (Weintraub, Abeson, and _Braddock, 1971). The position taken in these
gmdelmes is that audiology programs should be an integral part of comprehensive
services to hearing-impaired-children in educational settings (ASHA, 1973).

These guidelines are not intended to cover identification audiometry programs.
Although identification audiometry should be an integral part of a total audiological
service for all children within any given school system, these guidelines are for
programs in which children have already been identified as having a hearing impair-
ment and requiring special educational and habilitative services. The American
Speech and Hearing Association adopted Guidelin_gs for Identification Audiometry
in November 1974 (ASHA, 1975).

The term educational settings refers to organized programs of |nstruct|on in
private or public and residential or nonresidential environments, for hearing-im-
paired children who manifest special educational needs as a result of their hearing
impairment. The rationale for organizing comprehensive and intensive audlology
programs in these settings is based on three interlocking factors

1. The auditory channel is the route through which speech and language
development normally takes place. The human being's development of speech
and language appears to be based on innate, biologically programmed factors

(Lenneberg, 1967; Fry, 1966) which can be exploited most effectively through’
an auditory input (Liberman, et al., 1967). The use of other approaches for

teaching initial language and speech skills to hearing-impaired children must
lI:'Je considered madequate though frequently necessary, substitutes for the
‘real thing."

. 2. Most hearing-impaired children possess significant residual hearing capa-

city (Goodman, 1949; Huitzing, 1959; Eliott, 1967; Boothroyd, 1972; Hirsh,
1973). Interpreted pessimistically, these studies show that from one-half to
two-thirds of the children enrolled in schools for the deaf have potentially
useful residual hearing. This is precisely the population of hearing-impaired
children expected to manifest the most severe hearing losses.

3. Efforts to eWaximally the residual hearing of most hearing-impaired
children generally e met with little success. The evidence clearly demon-
strates that at any one time, at least half the children’s hearing aids can be
malfunctioning; that many of the children who possess hearing aids do not
routinely wear them:-and that children who can potentially benefit from ampli-
fied sound do ndt’even own a hearing aid (Gaeth, Lounsberry, 1966; Zink,
1972; Findlay, Winchester, 1972; Coleman, 1972; Northein, et al, 1972;
Skalka, Moore; 1973; Porter, 1973). Classroom auditory trainers frequently
farg little better than personal hearing aids (Matkin, Olsen, 1970a; Matkin,
Olsen, 1970b; Wilson, Hoversten, Thies, '1972; Sung, Sung, Angelelli, 1973;
Matkin, Olsen, 1973), and-the poor acoustlc condltlons existing in classroom

-~




o

L
&

@

o
-~

environments limit the effectiveness of even appropriate amplification (Ross,
1972). Finally, the great care needed to ensure individualized electroacoustic
packaging to the impaired ear is'séldom realized (Ling, 1964; Genge, 1971;

Gengel, Pascoe, Shore, 1971; Surig, SunE, Angelelli, 1971; Danaher, Os-

berger, Pickett, 1973; Erber, 1975). These problems are understandable in
view of the understaffed and ill-equipped audiology programs typically found
in educational settings, and they .are not likely to be remedied without a
dedicated effort to strengthen these programs.

These guidelines attempt to- describe’ the audiolggical conditions necessary for
the exploitation of the auditory channel for speech a%d
degree permitted by the residual hearing capacity’ of a hearing-impaired child.
Schools and society are investing large sums of money in hearing aids, auditory
trainers, and other audiological equipment. This investment is a wasteful expeng-
ture unless this equipment is properly used and performing according to specifica-
tions. It is unreslistic to expect overburdened -administrators and teachers to
supervise the full exploitation of residual hearing in addition to their many other
responsibilities. In regular and special education programs, the assistance of such
resource personnel‘as psychologists, megia specialists, guidance counselo[s, reme-
dial-reading specialists, and learning disability teachers is welcomed. All of these
specialists are finding a fruitful field for their endeavors. In educational programs
for the hearing impaired, however, the audiologist, a resource person with skills to
ensure the maximal exploitation of residual hearing is either absent, in short
supply, ‘or inadequately supported. The inclusion of welj-educated audiologists is
necessary to implement the commitment of educators to use optimally the residual
hearing most hearing-impaired children possess. - :
Not all educational settings may be in a financial position to implement the

‘entire program immediately. Possibly some of the suggested functions of audiolo-
gists will seem uselessly esoteric while others may need to be added or modified.-

Nevertheless, unless there is agreement on an eventual goal and informed commit-

ment to high standards, improvement in audiological serices is not likely to occur. -

It is expected that each step in the implementatior of these guidelines will justify
and support further steps until the entire program can be implemented. Certainly,

modifications in the guidelines should be made as xper@nce with their use ac-’

cumulates. Some educational settings may find it financially desirable and conven-
ient to contract for some or all audiology services with already existing facilities in
their communities. In these instances, it is important that the spirit of these guide-
lines be adhered to, in that such arrangements should result in comdrghensive and
coordinated services to th iid, parents, and educationab staff. In any event,
community-wide and’ intq’fg‘:rt:ﬂy\plaﬁq'mg is desirable toxminimize unnecessary
duplitation of professional services. It is emphasized that vastly improved audio-

logical services will not be g panacea for speech and language problems. Miracu-
lous cures are not likely to result, but improved p rformance insa significant num-

“ber of children should occur. Intensive audio“ogical intervention is deemed

appropriate regardless of the ‘*edugational metho ', being used. There is no intent
in these guidelines to favor, explicitly, or implicitly, any particular education ap-
proach. . ¢
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Personnel

_ 1. One audiologist with a Certificate of Clinical Competence (CCC) in Audiology or

its equivalent for. approximately every 75 hearing-impaired children receiving spe-
cial instr‘uctional and habilitative services in the educational setting.

2. A Director of Audiology (with either M.A. or Ph.D.) with a.CCC in Audiology or
its equivalent in any program where there are three or fiore audiologists. The Ph.D.
degree is advisable in settings.committed to a program of research. )

3. One electronics techniciam for every 100 to 150 hearing-impaired children.
4. One full-time secretary/clerk for programs with three or more individuals ea.the

'\Es"iaff. Part-time assistance will be needed in programs with one staff audiologist.

.57 One or more audiometric assistants.
6. One or more consulting otola ngologists. - . -
' ' 4

Equipment

* 1. One sound-treated double room for programs with one audiologist and two
sound-treated double rooms for every three audiologists employed. The dimensions
of the test rooms should be sufficiently large.to permit pediatric and hearing-aid
evaluations in the sounefield. °
2,.0ne two-channel clinical audiometer will be needed’ for each sound-treated
double room, incfuding the associated sound-field speakers and amplifiers.

3. A stock of foaner hearing aids in good working condition, along with extra cords,
batteries, and receivers. It_is assumed that all children will have their own hearing
aids and that classroom auditory training units will be available.

4. Equipment for analyzing the electroacoustic characteristics of hearing aids and
auditory training systems. ‘ . )

.5. _Instrumentation for impedance. audiometry. A ) -

6. A sound-level meter and appropriate equipment for calibration of pure-tone and
speech audiometers.
7. Ear-impression material kit, instamold kit, stock earmolds, hand grinder, ear-

mold cleaners, and other miscellaneous earmold equipment.
®

Job Descriptions '
Audiologist

1. Conduct comprehensive and periodic audiological assessments for each child.
Younger children should be assessed as often as necessary to establish consistent,
valid measures. Other children $hould be tested annually or whenever questions
arise, Newly enrolled hearing-impaired students should be given a complete audio-
‘logic assessment. Additional audiological assessments may be(needed when a new
hearing aid is being considered, when otological examination is positive, when im-
pedance audipmetry indicates a change in the middle ear status or when teachers
or parents notice'a change in the child’s auditory behavior. ~

2. Administer specific audiometric measures appropriate to the hearing-impaired
child’s needs and status. Children with recurring middle-ear problems may require

58 . ¢

09

f‘.




only pre- and post-trgatment pure-tone and impedance measures. The audiologist
should be prepared to administer, when indicated, such assessments as: pure-tone
audiometry; carefully graded speech discrimination measures; middle-ear imped-
ance tests; tolerance and cbmfortable listening levels; speechreading tests; com-
bined modality tests; aided and unaided sound-field emeasures; electroacoustic
analysis of hearing aids; comparative hearing-aid evaluation; comparative intelligi-
biffty functions under djfferent degrees of. filtering; binaural versus monaural evalu-
ations; dichotic Iistenir?é\meas,ures; and other psychoacousti¢ measutes that appear
appropriate; for example, synthetic formant discriminations, difference limens for
frequency, jntensity and time, temporal integration, and effects of masking.

. 3. Advise school hdministrators and educators regarding- the selection and pur-
chase of auditory training equipment, and further be responsible for the electro-
acoustic evaluation of such equipment once it is placed within the classroom. Sub-
sequent to purchasing such equipment, conduct or provide for periodic electro-
acoustic evaluations of it at leakt once per school year. ‘

4. Assess and monitor classroom acoustics and the proper use of amplifying
equipment, with consideration of the possibﬂe effects upon speech understanding.
5. Conduct auditory training programs for individual students ar groups using or,
developing appropriate materials for the particular children involved. The auditory
training program should be based on the children’s auditory status and develop-
ment, “and it should be developed in consultation with classroom teachers. Results
of such programs should be evaluated and shared with teachers and others working
. with the children. .
6. Participate in and/or conduct speech and language development programs
R based on an auditory approach. .
7. Conduct inservice workshops for teachers and other staff members on such
topics as microphone technique, intensity and articulation of input speech, rele-
vance-of langliage to topic, checking hearing aids daily, trouble-shooting of shearing
aids and classroom equipment, significance of audiogram in terms of acoustics of
speech, speech perception, and prosodic phenomena. Periodic classroom visits and
teacher consultations may be considered.inservice training too. . ’
8. Conduct inservice training with electronics technician on the significance of the,
audiogram in relation to the characteristics and use ¢f amplification equipment. e
Review. electroacoustic data collected by the techniciaq.,
9. Make impressions for earmolds and teach earmold care to all staff members
and students. o .
10. Participate in the admission procedures and placement procedures. Help de-
velop criteria for early decisions regarding educational methodology to be em-
ployed with each child. : ) )
11. Participate in out-patient audiological program as appropriate in terms of .
community needs and time available. X
12. Participate in parent-guidance and instructional counseling programs. ‘Serve
as a resource person in such programs to provide information on hearing loss, ™ -
audiograms, hearing aids, acoustic environment, speech and language activities for
home programs. i . R ,
13. Conduct audiological research when possible and discuss its significance with
staff and community leaders. > .

14. Evaluate quality and effectiveness of all aspects of audiology program.

-~ A}
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Eiectronics‘Technician

1. Assess the status of hearing aids and clagsroom auditory training equlpment at
least three times during each school year.

2 Repair and maintain all audntory amplification and the
tramlng devicesbeing used with the héaring-impaired children.
© 3. Assist wwith audiovisual ,equipment and videotape ipment as skills. and ex-
perlence permit. ’ -

4. Conduct or assist in the calibration and repair of audiometers. ’

5, Develop instrumentation required for research projects and programs of auditory
training.

eech or language

[

- v

"Secretary/Clerk ' ‘

1. Maintain the records of the audiology program.
2. Answer telephone, make appointments, and maintain a schedule for each staff

ember, /‘)
3. nplete correspond ce,Lasks required forthe staff members. '
4. Perform other tasks “fequired for the operation of the audiology department
under the direction of the staff members.

Audiometric Assistant

s

1. Perform specific tasks for which-they are trained and supervused on the job by
the audiologist in accordance with the American Speech and Hearing Association
Guidelines on the Role, Training, and Supervisign of Communication Aides adopted
in November 1969 (ASHA, 1970).

2. Such tasks might include the administration of routine audiometric assess-
ments, first echelon hearing aid maintenance, and acting as a test assistant for’
assessing preschool childrenyor ch|Idren who have behavior that makes them dlf
flcult to test. \

-~ 3

\

Director of Audiology

1. Supervise and admrnlster complete audiology program under the general dlrec

tion of the school’s chief administrator and on a coordinated basis with other

department heads in the school.

2. Assign or conduct any portion, of the program described above.

3. Participate in community pubhc reIatrons in terms of the audiology program.
f4 Serve as a liaison withepersonnel in clunucs colleges, and universities or in the'

public school setting, using audiological programs Act as audiology coordinator

fér any program that feeds ch|Idren m() the educatlonal setting or into which

. . 2

children are assigned.

5. Supervise audlology practicum when school is affiliated with a college or uni-

_versity training program. May teach course work related to audiology services in

an educational setting in the event of such an affiliation,

6. Direct or delegate research. projects relative to use of amplification; effects of
_ auditory tralnlng, and communlcatlon skills development.

,
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APPEN‘DIX A

‘Forms used in hearing aid
monitoring program (Los Angeles)-
.R ' ‘ ‘




.1. - .
’ . !/: _ . Sincerely,

MARY- E. BENNETT SCHOOL * Celeste S. Baker

166 South Burlington Avenue R " Principal
Los Angeles, California 90057
(213) 483-3211 ,
- Date: ’
a
Dear = .
. /. . 's hearing aid was not working properly in hool
today. - L ! . ' S\
Batteries §
dead, replaced, please send more to school.
. i very weak, please check this evening. -
Ear Molds ‘ ) .
need to be cleaned.
fitting needs to be checked by your hearing aid dispenser
: (dealer) as soon as possible. , . »
Cord )
I broken, please replace immediately.
Hearing Aid .
. needs to be checked by your hearing aid dispenser (dealer)
. . as soon as possible. ' _ -
Please check to see that your child’s hearing aid($) are working every morning.
Thank you for your help. 4 ' -

-~

Teacher T
Rosa Osuna, Audiologist -
a A @ . Celeste S. Baker, Principal
LIRS a . -
/ ~
™
“‘ *
o . ' .
- ) b'?, M
pry t . . . . - 6 )
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'MARY E. BENNETT SCHOOL Celeste S. Baker
166 South Burlington Avenue Principal

Los Angeles, California 90057 -

(213) 483-3211

Estimade Sra. ,
El audifono de _ : no estaba funcionando

bien en la escuela hoy.

BATERIAS . '

Ya no sirven, fueron replazadas, por favor mande mas.a la

escuela,

Muy debiles, por favor cambielas. ) 2

MOLDES DEL 0iDO
. Se necesitan limpiar.

El ajuste debe ser revisado por su provecdor del audifono.

CORDON . .

Se rompio, favor de reemplazarlo inmediatamente.

AUDIFONO . . .

El audifono debe ser revisado por su_proveedor de este apa-
rato le mea pronto possible, no esta funcionando bien.

Por favor revise'ye asegure que el audifono de su nifio/a este en perfectas condl

ciones cad®maiiana. Gracias por su cooperacion.

r\u

Maestra

Rosa Osuna, Audiologista

Celeste S. Baker, Principal




\MARY E. BENNETT SCHOOL , Celeste S. Baker .
166 South Burlington Avenue Principal

Los Angeles, California 90057 <

(213) 483-3211

K}

-

.

Dear

Your child,

ald not working’
aid being repaired
aid lost ;

ear mold problems
no batteries
other (specufy)

F’?base return this ﬂHed in form to the school You can send it back to sch‘ool with
your child. ' ANS . .

Thank you for your help.

L4 -~

Sincerely,

Teacher

Rosa Osuna, Audiologist

-~

Celeste S. Baker, Principal 4

%
File: student
audiologist




9/75 Developed by Audlolognc Resource Unit, HRB

MARY E. BENNETT SCHOOL
166 South Burlington Avenue

Los Angeles, California 90057
(213) 483-3211

Celeste S. Baker ) ’
Principal

Pl

»

Estimade Sra. : ¥ T
Ed llegb hoy a la escuela sin su audifono puesto
- Por favor indique en esta forma por que no lo trajo

’\
Maestra ) \/~

Rosa Osuna, Audiologis\{ta

.

Celeste S. Baker, Principal

T.o estan companiendo
No trabaja
“Lo perdi6 &
Noy hay baterias -
Problemas con el molde
Otra cosa (especifique)

Comentario§:

»

¢
Firma del padre e guardian

-

File: student
audiologist

-
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FOR

TEACHERS:

’

HOW TO GIVE A LISTENING CHECK TO THE CHILD'S PERSONAL HEARING AID

1.
2.

3.

Use your own individual ear mold if you have one. .

Check the battery to see that it is in torrectly, clean battery terminals with
an eraser if necessary. In ear level aids, terminals should be cleaned by dealer.”
Establish a comfortable listening level for each hearing aid and listen daily at

" this volume setting.’If the aid sounds weak, insert a new battery if one is avail-

o

13.

14.

. With the aid in th

able. If volume is still low, refer parent to dispenser.

Set controls: . .

A. “On/Off" switch in “‘Qff"" position.

B. Volume Control at lowest setting.

C. Switch in ‘M’ or mike position.

D. Tone cohtrol in setting most frequently neeged. - N

Place the receiver to your ear. Cover the receiver with the palm of your h.a}d
and hold the main part of the hearing aid away from your ear to prevent feed:

- back.

Turn the. hearing aid “On.” Turn the volume control wheel up and down,

[

slowly, listening for scratchiness or dead spots. -The volume control should  ~

neither be excessively loose, nor bind against the case. y
Turn the /‘On/Off" switch back and forth to check for intermittent sound or
loose contacts. ‘

Establish a comfortable listening level.

Roll the cord back and forth between the fingers to check for “cut-cuts’’ with
body aid..With ear level aids, check the ,plastic tubing for possible stiffness,
‘pinholes, or.cracks. :

Check the firmness of cord connections.

* Gently tap the hearing aid on all sides to check for a reduction of power or

“Off"" position and the receiver out of Sfour ear, place your
thumb firmly over[the opening in the receiver. Turn the hearing aid on and
turn the volume all the way up. Listen for a’soft whistling sound from the
hearing aid case or from the receiver. With ear level aids, put your thumb
firmly over the opening in the ear mold.

Check the earmold for cleanliness. Clean if necessary. Suggested, that a
weekly classroom project involve cleaning ear molds. In thisway the children
can learn how to take care of their molds and ttansfer this knowledge to their
home. Pick one time a week to thoroughly clean the molds by soakfng them
in waem soapy water for about five minutes. Rinse them with clear water and
let them dry on a paper towel until all the water is out of the canal. A ping'
cleaner can be used to dry and to cléan the bore, of the mold. Do not-use the
mold until it is completely dry. ;
Use the letter to parent re: pupils personal hearing aid forms (PHA—1 to 3).

loose conneé’;ions. heck for loose screws in the tase.
t

-
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Release forms distributed, to parents"L
' of hearing-impaired children ~
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AUDIOLOGIC RESOURCE UNIT
SUMMARY OF AMPLIFICATION MONITORING FORMS
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School,

Year

Teacher
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_To the Parent or Guardian of \
. . \ \ . ,
From: The Los Angeles City Unified School District )

In cooperation with the Bureau of Education for the Handicapped, U S. Office of
Education, the Los Angeles Clty.Unufled School Dlstrlct is examining the working
condition of hearing aids. .
This study assumes that your child is wearing the correct aid; therefore its purpose
is to test o f‘nd out if your child’s hearing aid is working technically as stated in
the' manufacturer s specificatioh. You will be informed of the results of the test of
( . ryour chllq;s aid. The test will be done at your child’s school. It will take 15 to 30
- minutes. Your child’s audlologlcal records will be examined to check against the
¢ current working of his or her aid. There will be no tharge for testing your child’s
- hearing aid.

There will be no identification in the data of your child, no demographic informa-
« tion, and no examination of your ¢hild’s academic, psychological or counseling
v records will be made. Yagr child will not be asked any questions except those specific
to the technical examinatipn of his or her aid. , \
A small number of aids will be selected atandom to be given a more rigorous lab-¢
. oratory examlnatlon The, study will assume the responsibility for the aid when it
is sent to the laboratory. While your ¢hild's aid is at the laboratory he or she will
be provided a loaner aid at no risk to you. Your child’s own aid will be returned
within 10 to 14 days. . S

. oo

Thank you for your cooperation.

-

N | give-my permission for n\1y\ child to participate in this study.
Signed: :
+ Date: .

-
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Para los Padres o el Guardian de :

[}

" DE: El Distritq Escolar Unificado de la Ciudad de Los Angeles
’ .
En cooperacién con la Agencia de Educacién para los Incapacitados, Oficina Fed-
» _ eral de Educacidn, el Distrito Escolar Unificado de la Ciudad de Los Angeles esta
examinando la condicion del funcionamiento de los audifonos.

Esta éncuesta asume que su nifio esta usando el aparato apropiado; por esta razén
el propdsito de dicha encuesta es el de conducir pruebas para determinar si el
audifino usado por su nifio funciona técnicamente tal como lo dictan las especi-
ficaciones del fabricante. Se le informara a Ud. sobre los resultados obtenidos
acerca de las pruebas del audifono de su nifio. Los pruebas tendran iugar en las
escuela a la que su nifio asiste. Tomara de 15 a 30 minutos. Los registros audio-
16gigbs de su nifio seran examinados para compararlos con el funcionamiento actual
del audifon. . ,

No habré identificacién en los datos acerca de su nifio, ni_habra informacion demo-
gréafica y tampoco se condducird ninguna examinacién de los registros académicos,
psicolégicos o de asesoramiento del mismo. No se le haran a su nifio ningunas
preguntas excepto aquellas que sean especificas para la examinacion técnica de
a dicho aparato. ’ .
Se seleccionaran al azar un numero pequefio de audifonos para someterlos a una
examinacion de laboratorio mas rigorosa. La encuesta asumiréa responsabilidad por
el aparato al ser enviado éste al laboratorio. Mientras el audifono de su nifio esta
en el laboratorio él o ella sera provisto (a) de un aparato prestado sin riesgo alguna
. para Ud. El audifono de su niflo sera regresado en un periodo de 10 a 14 dias.
Gracias de antemano por su cooperacion.

s

»

Doy mi permiso para que mi nhifio participe en esta encuesta. -

,

A

Firma: i -
I4
Fecha:
Escuela:
<
. 5 . S .
L Ay
i
- <
) - ,
¥
\ .
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