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Foreword

For several years there has been expressed a need for general guide-lines and the
resolution of various confusing issues regarding audiometric standards and pro-
cedures for screening and monitoring programs. In an attempt to meet this need
a conference of experts in hearing and hearing tests was arranged by the
American Speech and Hearing Association through a grant from the Children’s
Bureau. Department of Health, Education, and Welfare and administered by the
Maryland State Department of Health. A committee representing the American
Speech and Hearing Association met with the consultants from medicine and
public health to plan the conference. In the interests of economy of time and
expense, the number of participants was sharply limited. The group of specialists
was convened in Baltimore, May 26-28, 1960. Three members of the group had
been invited to prepare discussions of pertinent topics for general reference.
Thereatter, the general group was subdivided into three work-groups, each
discussing the entire agenda in detail. Both general and individual experiences,
opinions, and reactions were distilled in several plenary sessions in order to
develop a reasonably clear consensus. The proceedings were recorded in their
entirety. This provided the material of the monograph.

Identification Audiometry includes many aspects of program development,
procedures, problems of personnel and management, interpretation, and follow-
up, with regard to preschool-age children, school-health programs, and different
aspects of industrial and military audiology. All these facets are pertinent to the
basic problem of identifying the individual who has, or who offers a predilection
for, hearing impairment. The basic considerations for inclusion of material were
common sense, practicability, and reasonable agreement among the participants
of the conference. Aside from the three prepared papers, the body of the material
here includes no direct quotations. The general participants were not asked to
express an opinion about this material; accordingly, there is no individual respon-
sib:lity for affirming or denying its content. This is the responsibility of the
planning committee, whose members did their best to distill a very considerable
amount of data, fact, opinion, and experience.

"The special appreciation of the sponsoring agencies goes to Frederic L. Darley,
Editor of Monographs, American Speech and Hearing Association, for his
determined and sensitive efforts to produce a monograph from several tape-
miles of recorded discussion and deliberation. Sincere thanks go to the members
of the conference for their earnest willingness to devote time and effort to the
better understanding of Identification Audiometry.

William G. Hardy, Ph.D.
General Chairman
National Conference on Identification Audiometry
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Preface

Remarks Presented at the Opening Session,
National Conference on Identification Audiometry

I want to express my appreciation to you for giving your time to this important
mecting. It is a subject in which we have been interested for a long time, and
one which has a great many ramifications.

I would like to take just a few minutes to talk about the Children’s Bureau,
particularly the aspects of the Bureau that are related to this Conference. We
are an agency in the Department of Health, Education, and Welfare, and one of
our functions is that of administering grants to state health departments and state
crippled children’s agencies, one grant for Maternal and Child Health and one
for Crippled Children’s Services. These federal funds, together with state and
local appropriations, constitute the financing of these programs, which are ad-

min:stered by the state agencies.

Basically, the Maternal and Child
Health Program is preventive, and this
is expressed in such activities as prenatal
clinics, well-baby clinics, clinics or con-
ferences where infants and preschool
chilcren can receive health supervision,
school health services, immunization,
varicus kinds of specialized services—
such as special services for prematurely
born infants—and a scattering of other
specialized clinics and services. In pro-
viding the services under this program,
we find physicians and others coming
into contact with babies and children
of preschool age and school-age chil-
dren.

The Crippled Children’s Program is
basiczlly a medical care program. While
it has preventive elements in it, it is
fundamentally a program to locate
handicapped children and to provide
diagnostic and treatment services in-
cluding hospital care, surgery, medical
services, after care, and appliances. This
program is very diverse in terms of
diagnostic composition of the approxi-
mately 325,000 children who received

medical services last year. About half
of these children had an orthopedic
handicap. The rest had one or more of
the whole gamut of handicapping
conditions.

With both the Maternal and Child
Health Program and the Crippled Chil-
dren’s Program there is the potentiality
—if not always actually realized—for
case finding, for providing preventive
health services and health supervision,
for providing diagnostic services and
referring these children to an appro-
priate medical care program in the same
state.

The Maternal and Child Health Pro-
gram reports that some 3 or 3% million
children have their hearing tested by
audiometry through the services of the
state health departments each year. For
the most part these children are of
school age and more typically live in
rural areas than in the large cities. Both
the Maternal and Child Health and
Crippled Children’s Programs put par-
ticular emphasis on children in rural
areas, On the other hand, when the
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children of school age in the large cities
have their hearing tested, generally
this is done under the auspices of de-
partments of education, These are
examples of some of the administrative
complexities which pertain to the sub-
ject of testing of hearing.

In states where there are well-devel-
oped state and local health department
services, we see a close correlation be-
tween case finding through the hearing
testing services provided by the Ma-
ternal and Child Health Program and
the diagnostic and treatment services of
the Crippled Children’s Program.

Maryland was one of the first states
to develop a conservation of hearing
program. This state is fortunate in hav-
ing in its health department people who
are well trained in pediatrics and public
health with staff positions in the Johns
Hopkins School of Hygiene and Public
Health. Of particular significance is the
availability of the Speech and Hearing
Center of the Johns Hopkins Hospital
where there are people—like Dr. Hardy
—who are not only specialists in audiol-
ogy but who also have particular
interest in the relationship of the Speech
and Hearing Center to organized com-
munity health programs. As a resuit,
both in the cities as well as in the
counties of Maryland, children who are
identified as having hearing impairment
can have something done about it.
Failure of children to receive such fol-
low-up service is one of the most criti-
cal problems over the country. It seems
easy to get audiometers and carry them
around and test myriads of children,
but too often this seems to be almost
the beginning and the end of the hear-
ing program.

About 20,000 children last year
received medical and related services

in the Crippled Children’s Programs
following diagnosis of hearing impair-
ment, representing an increase of about
100% since 1950. A small number of
these children had mastoid disease. This
group has declined appreciably. A great
deal more can be done to increase the
number of such children coming in
one way or another to the audiology
clinics for diagnosis and treatment from
whatever organization provides the
more gross screening testing.

Now with respect to the methods of
hearing testing, for the most part, the
people in health departments are ob-
viously not specialists in this area, al-
though 28 state health departments now
employ one or more speech and hear-
ing consultants. A variety of methods
are employed and recommended for
hearing testing. For those of us who are
not specialists, the whole picture is
rather confusing. What are some of the
best methods of doing screening? Some
people prefer group methods; some
people find individual screening meth-
ods good, as well as quick and
economical. Almost all of the testing
is on school-age children, because they
are available in the classroom in a
group. However, we are finding that
our public health people are expressing
interest in some method of screening
the younger children. In well-baby
clinics there are varying numbers of
babies and preschool children. Where
the staff of these clinics consists of
general practitioners, pediatricians,
public health nurses, and volunteers, is
it possible to do some sort of screening
of the hearing of these children whether
in groups or individually? Can these
clinic personnel contribute to the
screening of the hearing of these
younger children?



For answers to these and similar ques-
tiors we look to experts. No doubt the
fact that a group of people like you
has com: together to discuss this very
problem will be instrumental in stimu-
lating a great deal of interest in fur-
thering ‘he objectives of such testing
programs; in increasing the activities
which are directed toward more ac-
curate diagnosis and treatment; and in

Preface 7

clarifying for those of us in public
health, in the private practice of medi-
cine, or in hospital out-patient depart-
ments, this whole question of what are
the best methods, the most practical
methods, and the most productive
methods of identifying all the children
who are in need of further attention
because of hearing impairment.

Arthur J. Lesser, M.D.

Director, Division of Health
Services

Children’s Bureau

Department of Health, Education,
and Welfare



I. Identification Audiometry:
Definition, Objectives, and Program Responsibility

Identification audiometry refers to the
application of any of a variety of hear-
ing test.ng procedures to persons of
any age for the purpose of identifying
those individuals with hearing sensi-
tivity less than that generally defined as
within normal limits. Once the identity
of thesc persons has been ascertained,
they mav be subjected to audiological,
otological, medical, psychological, edu-~
cational, and other scrutiny so that a
com prehensive description of their total
problem may be derived, a diagnosis
made, and a sequence of steps in man-
agement prescribed. But the ascertain-
ing step—the original discovery of a
hearing impairment which results in the
setting apart of an individual as one to
be watched or examined further—is de-
noted by the term identification audi-
ometry.

Other terms, some in more common
usage, have been applied to this process
of identification audiometry (screening,
search, assessment, detection, probe,
case finding, surveillance). Perhaps no
term states the objective quite so well,
however, as identification audiometry.
The most frequently used term, screen-
ing audiometry, suggests the use of
certain instruments for the testing of
designated frequencies at stated inten-
sity levels, but in a comprehensive view
of the problem of identification of
hearing impairment it is readily appar-
ent that =t certain age levels and with
certain individuals at all age levels the
use of a pure tone audiometer is not
feasible. Often, as in industry or the

military  establishment, limited fre-
quency screening is inadequate and a
complete audiogram is necessary if all
the purposes of identification audio-
metry are to be achieved. Identification
audiometry is wide enough in scope
to encompass any procedure the pur-
pose of which is the identification of
a hearing problem. But the term does
not refer to diagnostic procedures.
Identification audiometry is not de-
signed to answer the questions ‘How
much impairment does the individual
have?’ ‘What type of impairment does
he have?’ “What is responsible for the
hearing deviation?’ or ‘Is the problem
treatable?’

Nor does identification audiometry
include the endeavors on the part of
personnel from many disciplines known
collectively as the hearing conservation
program. Identification audiometry is
only one important aspect of a hearing
conservation program, that limited part
of it planned specifically for the most
efficient and the earliest possible detec-
tion of those persons whose hearing
behavior suggests that they warrant
further, more definitive examination.
An analogy is that of a microscope with
initial minimum magnification selected
to view a large area. One then prog-
resses to more and more powerful
lenses if more detailed knowledge is
needed.

This monograph sets forth the gen-
eral and specific goals of identification
audiometry, suggests procedures to be
followed at various age levels, describes
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optimal conditions for testing, and
makes recommendations to individuals
charged with responsibility for such
testing.! As a preamble to these pres-
entations certain assumptions or prin-
ciples are stated upon which subsequent
discussion of methodology stands.

Basic Principles

1. The fundamental concern is the
maintenance of an optimal state of
health for every individual, his health
being defined in the broadest possible
way: physical, emotional, social, and
mental. Obviously knowledge about the
state of an individual’s sensorium is
crucial, but not simply for its own
sake, The implications of a hearing
problem must be viewed comprehen-
sively; the specialist in the measurement
of hearing loss must continually view
his data in perspective and consider
the impact of the hearing problem on
the subject’s welfare—physical, emo-
tional, social, and mental.

A comprehensive program of iden-
tification and management includes the
following:

a. Prevention—in specific terms (for
example, appropriate management of
ear infections to prevent hearing loss)
and in general terms (for example, pub-
lic education regarding the causes and
significance of hearing loss).

b. Early case finding.

c. Early diagnosis.

d. Early medical treatment.

e. Habilitation and rehabilitation.

'For definitions of technical terms the
reader is referred to glossaries provided b
Davis and Silverman (2, pp. 553-557), Hirsh
(8, pp. 334-344), and Watson and Tolan (15,
Pp- 574-580).

2. Hearing loss is no respecter of
persons. Consequently programs of
identification audiometry need to be
established on the broadest possible
base to reach the largest possible num-
bers of people. The study of existing
practices shows that from state to state
and locality to locality direction of
programs varies as do age levels and
population segments reached (see Ap-
pendix A). Ideally programs of iden-
tification audiometry accomplish their
purposes best when grounded on what
may be called a public health concept,
which offers minimal obstacles to total
coverage. A program which fails to
reach and benefit individuals because
they are too young, too old, too poor,
in institutions for correction or cus-
todial care, or not in public schools
falls short of its ideal achievement.

3. Identification audiometry is not an
end in itself. Program personnel who
are eternally bent on locating more
‘cases’ but who fail to provide anything
constructive for the ones found have
failed to understand the goal of the
program. Identification audiometry is
only one phase of a much broader
hearing conservation program with
medical, legal, and rehabilitative aspects.
The reader is referred to generally
available published materials (5, 6, 7,
9, 10, 11, 12, 14, 15) which describe
in some detail how hearing conserva-
tion programs may be established and
operated. Brochures describing local
policies and practices can be secured
from most state Departments of Health
or Crippled Children’s Services.

The management of hearing disability
is fundamentally a health problem, and
all hearing conservation programs
should have the benefit of consultation
from an otologist, with the possibility
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of surgical or other medical interven-
tion fo: all patients who need this at-
tenition. Because of the equipment and
staffing problems of hearing testing,
the problems of the differentiation of
hearing loss from other disabilities, the
complexity of modern rehabilitative
procedures, and the necessity for spec-
ial classroom instruction, various other
specialties must be involved. The as-
sistance of special educators, public
health and school nurses, psychologists,
family counselors, acoustic physicists,
audiologists, medical personnel, and
others is required as members of a
health effort, all focused upon the needs
of rhe individual.

A high degree of co-operation and
maximal efficiency of communication
should characterize the relationships
among these professional co-workers.
Those who find the cases with actual
or suspected hearing impairment and
those to whom these persons are re-
ferred nced to talk readily with each
other; they need to understand each
other’s purposes and procedures. Plac-
ing the welfare of the patient upper-
most, they must see to it that everyone
receives the benefit of available ser-
vices and that nobody gets lost in a
dead end of inaction.

Broadly stated, the goal of any hear-
ing conscrvation program is to deter-
mine debilitating defects as efficiently
and economically as possible and to
ensure prompt medical attention and
the preventive, rehabilitative, and edu-
cative steps which are necessary. In this
context, the goals of identification audi-
ometry are subgoals; a proper concern
for optimal hearing testing alone, as
presented in this monograph, should
never lead to the neglect of other im-
portant phases.

4. Identification audiometry is a com-
promise with the ideal program of
hearing evaluation. The term refers to
the screening of large numbers of
people in a limited amount of time by
personnel who do not have extensive
training and experience. For the sake
of reaching a large population econom-
ically, a degree of accuracy and a
large amount of detail are sacrificed.
If one demands more complete infor-
mation and data of unassailable reli-
ability and validity, he must resign
himself to test fewer people at greater
cost. But if the premium is on fuller
coverage of the population, he will
adopt certain less detailed procedures
in full awareness of their limitations
and of the need to supplement his
findings through other measures.

The procedures described in this
monograph will not lead to the dis-
covery of every child who may at
some time in his life have a hearing
loss, for it is not proposed that every
child shall have frequent otological
examinations and threshold audiograms.
Hopefully the procedures outlined here
will lead to the identification of most
persons with a hearing condition for
which something can be done medically
or educationally.

5. In spite of the fact that programs
of identification audiometry have lim-
itations built in, they have purposes
which can be attained only as high
standards are established and imple-
mented. Effective identification audio-
metry is not easy to set up nor to run
continuously, nor can it be done with-
out budgetary preparation.

The point is not to design a limited
program of identification audiometry
in order to meet some minimum stand-
ard. The idea is to outline procedures
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which will ensure that the fewest pos-
sible individuals are or would be vic-
timized by inadequate programs, from
the deaf child who is tragically classed
as mentally defective to the adult
falsely accused of malingering and the
senior citizen unnecessarily denied the
pleasures of hearing.

This goal necessarily implies the im-
portance of good equipment, of approp-
riate testing environments, of suitable
training and supervision of personnel,
of dissemination of information about
the handicap of hearing impairment,
of reducing the subjective element in
hearing evaluation through the use of
standard procedures repeatable from
setting to setting, of calibration of
equipment and calibration of personnel,
so that the often disparate results from
some current identification audiometry
programs may be replaced with data
of useful reliability and validity in the
future—data that will be of use in epi-
demiologic prediction as well as in
proper management of the individual.

This proposition involves the pro-
found conviction that because the goals
of identification audiometry are vital
and the procedures are demonstrably
valid, the costs can and will be met.

6. A longitudinal approach to iden-
tification audiometry is needed. Al-
though different audiologists may be
engrossed with the identification of
hearing losses within population sub-
groups differentiated by age or occupa-
tion, all share a common concern for
early identification and treatment. The
goals of identification audiometry at
the preschool, school-age, and adult age
levels are hardly unique or mutually
exclusive. Many of the hearing prob-
lems discovered in adulthood have their
origins in childhood and youth. If one

is to grapple with hearing problems in
a comprehensive way, he must seek
solutions at every age level.

The ideal is to conduct a reliable
test as early in life as possible, prefer-
ably in infancy. Even in the neonate it
is possible to check for variations from
normal responses and to identify those
who can profit from medical attention
and reassessment. Following this earliest
test, the preschool child should be
tested, especially so that language re-
tardation can be prevented where pos-
sible and so that significant hearing
problems can be discovered.

Even with these earlier tests, the
school system will desire information
in the kindergarten and first grade about
whether each child’s hearing acuity will
allow him to handle typical school com-
munication or whether special instruc-
tion is indicated. The basic audiogram
accomplished in kindergarten or first
grade will constitute a useful reference
so that threshold shifts can be identified
in later years. At intervals during the
child’s school life he should be re-
examined to assure the earliest possible
treatment and to ensure that no hear-
ing problem, invisible to the otoscope
and insidious in onset, may unneces-
sarily become a handicap.

When the individual enters the la-
bor force, a carefully derived thresh-
old audiogram for reference purposes
should be collected for medico-legal
reasons. Such a reference audiogram is
especially needed in the armed forces.
In certain environments which have an
adverse effect on hearing occasional
monitoring audiometry is advised.

Special problems exist with the insti-
tutionalized, as in tuberculosis sanitaria,
and with those who have multiple
handicaps (such as the cerebral palsied



1. Definition, Objectives, Responsibility 13

or “he partially or totally blind) for
whom the audiologist must adapt stand-
ard techniques. Much more can be done
for the aging population. Hearing con-
servation here has an especially fruitful
and rewarding role, not only in reha-
bilitation-education but also in institut-
ing effective testing to identify the
aged who need special services, medical
or otherwise.

The foregoing principles constitute
the philosophy upon which programs
of identification audiometry are based.
The goals of such programs are clear.
Some may apply in all programs, what-
ever the age level or occupational
status of the subjects involved, while
others pertain to specific groups iden-
tified by age level—preschool, school
age, and adult.

General Goals

The general goals of programs of
identification audiometry include the
conservation of human resources, econ-
omy, public education and information,
adequate programming for future serv-
ices, and the development of new
knowledge through research.

Conservation of Human Resources.
Programs of identification audiometry
share a basic humanitarian philosophy:

a. The optimal functioning of the
individual--physically, intellectually,
emotionally, socially, and vocationally.

b. Acceptance of the individual by
his peers without damage to his per-
sonality.

c. Maximal use of personal skills so
that achievement may reasonably match
aspiration.

Programs of identification audio-
metry, then, emphasize the prevention
of handicapping conditions, the preven-

tion of educational retardation, and the
prevention of emotional disability
caused by hearing impairment. But they
go a step farther: they concern them-
selves also with persons not appropriate-
ly considered handicapped. There are
important preventive objectives. They
follow the person who has only a slight
hearing loss to see if his hearing de-
teriorates; even though no otoscopic
abnormalities are evident and even
though the loss of sensitivity constitutes
no impairment of hearing for speech,
the individual with any decrease in
hearing sensitivity should be identified
and observed for preventive purposes.
These programs also serve the person
with unusually acute hearing who with
a partial hearing loss may no longer
be equipped to do the skilled job he
was doing. Every individual’s potential
is to be considered a precious resource,
zealously watched and guarded.
Economy. One goal of identification
audiometry is to save money. The im-
portance of this is especially obvious in
the industrial or military settings with
their mounting compensation claims for
hearing impairment. Clearly it behooves
a businessman, for example, to identify
pre-existing hearing losses in his em-
ployees so that upon termination of
their employment the business will not
be improperly charged for responsibil-
ity. Similarly it is a responsibility of
an industry or a military service to
keep tab on the hearing of its personnel
who work in critical noise levels in
order to determine the effectiveness of
its noise controls and the advisability
of job adjustments for those whose
hearing appears to be deteriorating.
No less practical in terms of econom-
ics is the prevention and early identi-
fication of hearing losses in young chil-
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dren. The taxpayer does not pay the
child who suffers a hearing loss as the
employer pays the laborer who is the
victim of acoustic trauma—but he pays

nevertheless. Faclilities for the education

and rehabilitation of children with
hearing losses who are not properly
identified, referred, and treated involve
great financial outlay. Money spent for
prevention of hearing loss or carly
treatment of a problem with consequent
restoration of normal hearing or sig-
nificant improvement of hearing is
money saved.

Public Education and Information.
Ongoing programs of identification
audiometry serve to awaken awareness
and interest on the part of the citizenry
in the prevention and treatment of hear-
ing problems. Parents need to be con-
cerned, as do teachers and school
administrators, employers and super-
visors. The fact that hearing losses
sometimes go unrecognized or misdi-
agnosed for years suggest that even
physicians and nurses may be helped by
the reminders provided by good test-
ing programs. An unpublished study?
of preschool children diagnosed at the
New York Hospital as having hearing
losses was conducted to determine un-
der what diagnosis the referral of these
children was made. In less than 40%
of the cases was hearing loss cited as
a possibility. At least 60% were re-
ferred as mentally defective or aphasic
or emotionally disturbed. Such findings
suggest that various persons who deal
with children on a professional level
often lack sophistication concerning the
behavioral patterns of young hard-of-
hearing children.

!Reported at the National Conference on
Idenufication Audiometry by Leon I. Charash.

Future Programming. A clear goal of
any case-finding project is to gather
information on the basis of which com-
munities can estimate the nature and
extent of their future needs. Thus, pro-
grams of identification audiometry can
supply the facts to show what person-
nel, services, and facilities must be
mustered. They can spark the imagi-
native utilization of existing resources
and the active development of new
resources for the management of those
with hearing impairment.

Research. Knowledge concerning
why, how often, and in whom hearing
impairment occurs, or what can be done
about it, is far from complete. But as
more and more people engage in the
systematic standardized collection of
reliable data on the hearing sensitivity
of large masses of the population, the
answers to certain questions should
emerge: ‘What prenatal conditions are
significantly related to incidence of
hearing loss?’ ‘What diseases tend to
cause impaired hearing?’ ‘How is inci-
dence of hearing loss related to socio-
economic status and other population
variables?” ‘How can hearing impair-
ment be more reliably detected in
babies?’ ‘Are diagnoses of central deaf-
ness in children supported by evidence
gathered in follow-up examinations?’
‘What happens to hearing during the
aging process?’ ‘How much noise can
be tolerated for how long?’ ‘How can
one account for the differential sensi-
tivity of individuals to exposure to
noise?” ‘How can the efficiency of
noise controls be increased?’

There is no end to the questions,
but some of these questions have an-
swers obtainable in part through the
longitudinal approach of identification
audiometry. The data gathered on hear-



L. Definition, Objectives, Responsibility 15

ing losses coupled with information
from case histories can throw new
light on the epidemiology of hearing
impairment and help minimize and pre-
vent hcaring losses in future genera-
tions.

Specific Goals by Age Level

Preschool Children. There are many
reasons why it is desirable to test a
child’s response to sound very early.

It is important, first, to detect every
child who gives indication of a devel-
opmental retardation. Those who have
been engaged in programs of identifi-
cation audiometry with neonates and
young children report that the pro-
cedures described in Chapter II lead
to the discovery not only of children
with hearing problems but also of chil-
dren with other problems whose early
study and differentiation is important
in terms of economics and the conser-
vation of human resources: profoundly
defective children, cerebral palsied
children, and other multi-handicapped
children. Early discovery of any phys-
ical or intellectual condition that
deviates from normal means better
manageiment and greater possibilities
of correction of the deviation.

Second, the child with even a mild
hezring problem will suffer some degree
of isolation during crucial developmen-
tal stages. Communication skills are
developed early. To acquire them the
child must hear and understand and
cope with what he hears. If he is to
be helped to belong and to learn and
to develop functional speech and lan-
guage, his potential handicap must be
recognized; he must be helped to com-
pensate for it.

"Third, early medical management,

enlightened early training by parents
in language skills, and placement in an
appropriate educational setting (special
nursery schools or other facilities where
enriched speech stimulation, lipreading
instruction, auditory training, and train-
ing in the use of hearing aids can be
provided) may make it possible for the
hearing-impaired child to fit into a reg-
ular classroom when he reaches school
age. The prevention of educational dis-
location is one of the primary goals of
identification audiometry at the pre-
school level,

Fourth, an important legal purpose
is served by identification audiometry
in the area of child adoption. Social
agencies concerned with adoption and
child placement need routinely to know
as much as possible about all the sensory
modalities of each child involved.

Who shall be screened in this pro-
gram of identification audiometry at
the preschool level? Every child should
be examined who exhibits in his per-
sonal or family history any unusual
conditions or untoward incidents. In-
dications of parental Rh incompatibil-
ity; rubella during pregnancy; other
maternal rashes and infectious diseases
during the first trimester of pregnancy;
birth injury; hearing loss in the par-
ents, siblings, and more distant relatives;
and obvious multiple handicaps should
make a child subject to as early and
thorough a test as possible. A study in
England?® of such a population of chil-
dren belonging to ‘high risk’ groups
indicates that the prevalence of hearing
problems may be as high as 15%, from
three to five times higher than that
found in the general school population.

Unfortunately all conditions predis-

*Reported at the Conference by Aram
Glorig.
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posing to hearing loss have not yet
been identified. Nobody can specify
all the predilections and tell precisely
where in the population hearing prob-
lems are scattered. Therefore the day
should come when every child between
the ages of seven and 15 months will
be subjected to appropriate measures
for the detection of hearing loss. Ar-
rangements to do this are easier where
populations of children are ‘captive’ as
in orphanages, institutions, and hos-
pitals. Complete coverage is more diffi-
cult in other segments of the population,
but it is not wildly unrealistic to work
toward the routine use of methods (see
Chapter II) which can be readily ap-
plied by pediatricians, general practi-
tioners, and private and public health
nurses, as well as by trained audiological
personnel in offices and well-baby clin-
ics the country across. Equally impor-
tant is the development of programs
for the testing of children between the
ages of two and five. Until these pro-
grams are readily available, the public
must be alerted so that children who
are suspect will be brought by their
parents to get a hearing test.

School-Age Children. Medical, social,
and educational justifications for iden-
tification audiometry loom largest be-
tween the ages of five and 16.

The goal is to locate children who
have even minimal hearing problems
so that they can be referred for med-
ical treatment of any active ear con-
ditions discovered to be present and
so that remedial educational procedures
can be instituted at the earliest possible
date. Programs should be designed to
identify not only children with a
chronic disability but also children who
have difficulty during only certain
times of the year or under certain

conditions. The period when a child
may not be hearing well (as during a
respiratory illness or during a season
with high pollen-count) and conse-
quently be functioning at a low level
may be just the time when social and
educational demands on him are great.
Such children are among those com-
posing the group of pseudo-mentally
retarded.

Classroom teachers and school nurses
can be trained to spot the youngster
who is failing to fit in and to partic-
ipate alertly in the classroom; they can
learn to suspect that a hearing loss may
underlie his apparent slowness or stub-
bornness. Some children who might
endlessly flounder along as ‘slow learn-
ers’ or ‘trouble makers,” or ultimately
drop out as failures, can be recognized
as needing special care within the
school system—preferential seating, lip-
reading, speech correction, or place-
ment in special classes where they can
perform at their best.

In the school-age population children
in corrective and custodial institutions
(homes for the mentally retarded and
institutions for orphans and other wards
of the state) should have the benefits of
hearing testing.

Adults. Some adults constitute ‘cap-
tive’ populations subject to identifica-
tion audiometry programs.

a. Personnel in the U. S. Armed
Forces. The goals of identification audi-
ometry in the military setting have
been summarized as follows (I):

(1) to select or reject men as a part of

the regular physical examinaton;

(2) to provide information for the otol-

ogist concerning the extent and na-
ture, the 1:px:ob'(_lb_le cause, 'and the
progress of individual hearing losses
in relation to the disease and to the

effectiveness of treatment and pre-
ventive measures;
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(3) to establish the amount of hearing
loss for compensation purposes, in-
¢luding the determination of the
original state of hearing before any
service-connected or employment-
connected hearing loss has developed;

(4) to enable personnel officers to deter-
mine whether certain individuals are
(lualiﬁed for certain military special-
tes that involve special kinds of
hearing ability;

(5) to obtain new information as to (a)
the causes and the prevention of
hearing loss; (b) criteria for hazards
to hearing; and (c) the effectiveness
of particular tests and instruments for
accomplishing the above objectives.

b. Personnel in industrial establish-
ments. In some states the laws dealing
with occupational disease and injury
include or are interpreted to include
impaired hearing caused by working
in noisy environments among the con-
ditions to be considered grounds for
compensation. One purpose of identifi-
cation audiometry in industry is to
discover hearing losses existing prior
to employment so that the industry
shall not be required to pay compen-
sation for losses for which it is not
responsible. The importance of econo-
mic protection of industry should not
unduly over-shadow other purposes
served by identification audiometry,
however; industry seeks to keep its
personnel well, whole, happy, and pro-
ducing. In this connection the ear has
in recent years been added to the fam-
ily of things industry tries to protect.
Identification audiometry is the key to
this protection.

The function of identification audi-
ometry in both the military and indus-
trial settings might be reviewed as fol-
lows.

(1) The preplacement audiogram
(sometimes called reference audio-
gram), preferably a threshold audio-
gram, determines whether the individual

shall be selected for military service
or for employment in industry; if his
hearing sensitivity falls below the stand-
ard set for acceptance, he is excluded.

(2) If he is selected, this audiogram
represents information regarding his
hearing ability at the point of entering
the military service or an industrial
plant (or a given job within that plant).
One justification for it is medico-legal.
Another is its importance with regard
to job placement, for some jobs require
more sensitive hearing than others.

(3) Subsequently the goal of mon-
itoring audiometry can be combined
with identification audiometry in that
periodical hearing assessment, perhaps
less stringent than the initial test, pro-
vides information about job adequacy.
It tells whether the person still retains
his ability to perform the job, whether
any hearing loss has occurred, and
whether any such loss is progressive. It
leads to appropriate medical manage-
ment of any problem discovered. It
helps to determine whether a man
should be temporarily withdrawn from
a particular job environment or whether
noise controls in that job should be
restudied and made more effective. It
suggests the need for ‘preventive main-
tenance’—accepting counseling and get-
ting started on lipreading or the use
of amplification, once it is known that
deterioration of hearing which cannot
be prevented has begun.

(4) The final stage in the monitoring
is the terminal audiogram at the time
of departure from the service or plant
or job. This audiogram may provide
the basis for special compensation and
is therefore important. Special care is
warranted in all such hearing evalua-
tions, for when hearing loss becomes
associated with a profit motive, an in-
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dividual’s behavior during hearing test-
ing sometimes changes. Identification of
the person with a nonorganic problem
is important in both the military and
industry.

And what of the rest of the people?
‘What of those who leave the military
after a few months or years of service—
and those in industry who change to
jobs where identification audiometry is
not 2a standard routine—and those who
never have worn nor will wear a uni-
form or enter an industrial plant? In the
light of the first two general goals listed
above it follows that ideally everyone
should have the benefit of identification
audiometry and the services to which
detection of hearing impairment leads.
Because of their role as breadwinners
men nced hearing testing as a group
more than women, especially since the
incidence of hearing loss is reportedly
higher in males than in females (3, 4).
Farmers who drive tractors, other non-
industrial workers who operate noisy
machinery, persons who use fircarms—
all these are ‘special risk’ personnel with
regard to hearing loss and should be
screened periodically. Inmates of pris-
ons and other corrective and custodial
institutions may have hearing losses;
some research indicates a higher than
average incidence in such populations
(13). The ultimate rehabilitation of
these persons should include attention
to any hearing problem that might have
contributcd to anti-social behavior.
Middle-aged and elderly people may
avoid years of empty isolation or rel-
ative deprivation through the benefit of
such resources as community- or state-
sponsored hearing-testing units.

Hearing needs are individual needs
and those needs must be found and
met where they are. It is to be hoped

that the near future will see audiograms
as readily obtained as tuberculin tests
and chest x rays.

Responsibility for Programming

Whose responsibility shall it be to
make the attainment of these goals a
reality? Obviously in the armed forces
the particular service of the Department
of Defense—Army, Navy, Air Force—
has responsibility for the detection of
hearing loss in its own personnel. And
in industry individual companies pro-
vide their own programs of identifica-
tion audiometry; increasingly, however,
it may be noted, they are consulting
state and local departments of health in
setting up their programs.

The responsibility for determining
whether infants up to two months of
age are responsive to auditory stimuli
does not appear to belong to any par-
ticular organization. Whoever provides
medical care for the child should assume
the responsibility. In many cases this
person will be a pediatrician, in others
a general practitioner in private prac-
tice or serving in a well-baby clinic.
In some areas registered nurses will
bear the responsibility. Whoever is see-
ing the child can be trained to observe
startle reactions in order to detect pro-
found insensitivity. With children seven
months of age and older eye move-
ments, general orientation toward the
test sounds, or other orienting respon-
ses are readily available; the services of
a trained observer will be necessary in
some general service setting under med-
ical supervision.

Between the ages of 2% and four
years, all but the most seriously in-
volved children will respond with the
use of speech signals in identification
audiometry. By four to five years of
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age, children can be tested with reason-
able reliability in the same ways as
school-age children. Who can best ad-
minister identification audiometry pro-
grams for these preschool and school-
age children? It is strongly recommend-
ed that state and local departments of
health carry this responsibility. This
recommendation is made in full cogni-
zance of the fact that in many states
and localities departments of education
or public instruction are presently as-
signed this responsibility by law (see
Appendix A). Although a uniform pat-
tern of health department responsibility
is not immediately possible throughout
the country, such a thing is a desirable
goal for a least two reasons:

a. More complete coverage of the
preschool and school-age population.
Children in parochial and private
schools, a group composing between
30% and 40% of the total population
of children, would not be excluded
from the program as is often presently
true when programs are the responsi-
bility of a department of public in-
struction.

b. More effective liaison between the
administrators of the identification audi-
ometry program and medical personnel
involved in follow-up. A more com-
prehensive and smoothly-running hear-
ing conservation program can result.

When programs of identification
audiometry for the general adult pop-
ulation (other than those covered by
programs in the armed forces and in-
dustry) are considered, once again
departments of health appear to be the
logical responsibile agents. The services
offered to school-age persons can be
extended to all citizens; potentially all
persons can be reached in much the
same way that they are reached in cur-

rent identification programs conducted
in the areas of tuberculosis, cancer, and
heart disease.

Until such time as practices are 1ni-
form with regard to department of
health sponsorship, it needs to be cm-
phasized that co-operation between
educational personnel and health per-
sonnel is absolutely essential in the
administration of identification audio-
metry programs. Regardless of who
holds the legal responsibility, all person-
nel share responsibility for providing
maximally efficient service to the largest
possible number of people.

Summary

Identification audiometry refers to
the application of hearing testing pro-
cedures leading to the original discov-
ery of a hearing impairment. These
procedures result in setting apart an
individual as one to be watched or ex-
amined further. Among the general
goals which programs of identification
audiometry seek to attain are the con-
servation of human resources, economy,
public education and information, ade-
quate programming for future services,
and research. The fundamental concern
of such programs is the maintenance of
an optimal state of health for every
individual.

Programs of identification audiom-
etry are designed to serve large num-
bers of people with reasonable accuracy
at the least possible cost. They are not
an end in themselves but constitute one
phase of broad programs of hearing
conservation designed to meet the needs
of individuals with hearing loss. Pro-
grams of identification audiometry
require careful planning and admin-
istration with adequate budgetary sup-
port. To be effective, they should
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serve the individual in a continuing
and periodic way from infancy through
adulthood.

Those responsible for the medical
care of neonates should be responsible
for applying procedures to them which
will identify possible hearing loss.
Local and state departments of health
should be responsible for identification
audiometry programs for preschool
children, school-age children, and the
general population of adults. Identifi-
cation audiometry programs in industry
and the military, with their special
purposes, should be the responsibility
of the individual companies and the
particular branch of military service.
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IL. Identification Audiometry for Preschool Children

Procedures

The methodology of hearing testing
of preschool children may well be
treated in three parts according to age
level: the neonate (birth to age two
months), the infant (between the ages
of seven and 24 months), and the
young child (aged two to five years).

The Neonate. In the testing of a
child from birth until approximately
two months of age use can be made
of the startle response (Moro reflex).
In a baby with good hearing and an
intact central nervous system any sud-
den moderately loud sound will bring
about a widespread response: the on-
going muscular activity is inhibited, the
hands are pronated, the eyelids blink,
etc. These startle responses are so un-
complicated, relatively speaking, that
they may be easily observed.

The general procedure is simply to
create a sudden noise by almost any
means at a time when the infant is
quiet. Perhaps the best time is when he
has just fallen into a light sleep; his
response to the noise will consist of
awakening, crying, and gross body
moverients. Hardy, Dougherty, and
Hardy (&) have reported that the most
consistently effective stimulus is the
presentation of a very short percussive
pzak of noise of 55 or 60 db intensity
produced by a ‘clacker.” The response
o the child to an initial presentation of
such a noise is extremely important be-
cause his adaptation is very rapid. The
examiner may choose therefore to var
the stimulus, using whistles, clickers,
b:lls, snd other noisemakers of different
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pitches, varying also the intensity of the
stimulus and the distance from the ear.
A delay between successive stimuli up
to as much as one minute may be in-
dicated. In general, every effort should
be made to see that the infant is ready
for each successive stimulation.

The observation of the infant’s re-
sponse with a startle reflex must be
made with care for much of a waking
infant’s ongoing activity may closely
resemble the startle reflex, Examiners
have sometimes found it useful to test
two babies together, the child in ques-
tion and a control child, the children
being observed and compared simul-
taneously. Stimuli other than auditory
may be used to determine the child’s
general level of reaction. For example,
a child’s reaction to light stimuli may
indicate that his observed reduced re-
action to auditory stimuli is attributable
to general lethargy rather than to a
specific hearing problem. The inde-
pendent judgment of a second observer
is also helpful in reducing the biases of
the experimenter.

Study of infants indicates that in a
surprising number the Moro reflex dis-
appears by four months of age. Al-
though it is true that certain aspects of
the Moro reflex such as the eyeblink
can be observed in persons of any age
in response to a loud auditory stimulus,
the more obvious details of the startle
response apparently disappear early.
This is one aspect of adaptation, or ac-
customedness. Accordingly, the use of
a startle response as an identification



22 ldentification Audiometry

audiometric technique with infants is
recommended only up to two months
of age.

Considerable research is yet needed
to determine the best procedures to
use in testing the neonate and in inter-
preting the results obtained. It is im-
portant to remember that at this age
one is not ‘testing hearing’ (the neonate
has not yet learned how to hear), but,
rather, his respomnses to sounds of known
frequency and intensity. Nevertheless
it is to be hoped that testing hearing by
observing the startle pattern of large
numbers of neonates may become gen-
eral practice. As experience and knowl-
edge accumulate, procedures can be
refined.

The Infant from Seven to 24 Momnths.
With babies ranging in age from seven
to 24 months procedures are most use-
ful which involve what have been
called distraction responses. One rec-
ommended procedure is the use of the
Ewing techniques (5, 6). These involve
the presentation of acoustic stimuli
which are intrinsically interesting to
the child such as the noise created by
a spoon stirred in a cup or the crink-
ling of tissue paper. By the time he is
about seven months of age the infant
should have learned how to hear and
how to relate himself consistently to
minimal acoustic stimuli. The child
with normal hearing should be expected
to turn his head toward interesting
sounds.

Techniques for administering such
tests have been described by the Ewings
(J, 6) and by Hardy, Dougherty, and
Hardy (8). A film produced at the
Johns Hopkins University! demon-

!Available from the Bureau of Preventive
Medicine, Maryland State Department of
Health, Baltimore.

strates techniques which may be fol-

lowed.

Gross tests of the localization of
sound by the infant can be given to
the infant from seven to 24 months of
age. For example, one procedure? in-
volves the placement of a loud speaker
in each of the four corners of a large
sound-treated room. The child to be
tested is placed in the middle of the
room and sounds are presented at ran-
dom from the various speakers. The
observer notes the effort of the child
to localize the sound by turning his
head or his eyes. Even severely physi-
cally handicapped children can be tested
by such a procedure. Refinements of
localization may involve the use of ear-
phones with the presentation of the
sound first in one ear and then in the
other, the observer noting the child’s
glance to the appropriate side. One pro-
cedure (10) uses a stereophonic sound
pickup and two earphones; a phantom
sound is made to move around the
head, constituting a stimulus to which
eyeball rotation and head movements
are the universal response in very
young children who have normal hear-
ing.

Some feel that widespread screening
of children by these techniques, or
modifications of them, between the
ages of seven and 24 months is feasible
and is to be desired in preference to
mass screening of neonates. Others pre-
fer mass screening of neonates with
testing between the ages of seven and
24 months to be confined to children
known to fall in a high risk group for
hearing defects and to children who
show evidence of speech and language

*Described at the Conference by Louis M.
DiCarlo.

‘.,



retarcation, These points of view rather
more express a difference in emphasis
than a difference of opinion. Screening
of both neonates and infants is desir-
able and practical. Observation of re-
sponses of neonates is much less refined;
when a neonate does not respond ac-
cording to expectations, he is simply
tabbed for further observation of de-
velopment. When the infant, seven
months or older, does not respond
appropriately, he is referred imme-
diately for refined clinical assessment.

Children from Two to Five Years of
Age. A great variety of procedures is
available for the testing of children
between the ages of two and five years.
These techniques are listed and des-
cribed by Newby (12), Davis and
Silverman (3), and Boies ez al. (2).
Only a few of the more commonly
used procedures are referred to here.

In rhis age group a surprising per-
centage of children can be tested with
conventional pure tone audiometric
techniques. With patience and expen-
diture of considerably more time than
with older children audiologists can
often do both air conduction and bone
conduction audiometry. These proce-
dures should be tried wherever pos-
sible because of their high yield of
detailed functional information.

It must be emphasized, however, that
all these procedures for very young
children, including pure tone audio-
metry, have been developed for use in
a clinical setting by expert audiologists.
It has been made clear in this discussion
that, in general, the first stage of iden-
tification audiometry is not carried out
by expert audiologists. Without doubt,
both validity and reliability are ser-
iously affected by the exigencies of
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widespread testing. For the three-year-
old, familiar sounds, particularly con-
trolled speech associated with picture
identification or object recognition, of-
fer 2 much more useful screening de-
vice. As the child matures, more careful
distinctions of auditory sensitivity can
be employed. There is a tendency to
lump two-year-olds and four-year-olds
together, without recognition of the
great differences in their behavior.

A commonly used adaptation of pure
tone audiometric techniques is known
as play audiometry. Here the child is
taught to make a motor response such
as dropping a marble in a box, placing
a ring on a peg, inserting a block in a
hole, or hitting a ball with a hammer,
when he hears the stimulus tone. The
use of such procedures has been dem-
onstrated in the film Too Young to
Say (16) produced by the John Tracy
Clinic. Play audiometry has been found
successful with children as young as
two years of age who present a loss
of sensitivity.

Several tests are available which make
use of the technique of presenting fa-
miliar sounds for identification. Other
techniques involve an appraisal of the
child’s response to speech. A game can
be played in which the examiner states,
‘I am going to say some words. You sa
the same words to me.” Or the child
may be asked to follow instructions
and point to or manipulate pictures,
objects, or body parts.

A variety of electrophysiological pro-
cedures has been developed and are
described in the literature (1,4,7,9, 11,
13, 14, 15, 17). Such procedures are
more useful in diagnostic audiometry,
however, than in programs of identifi-
cation audiometry.
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Responsibility

The pediatrician is the key figure
in the assessment of hearing in the
neonate. Ideally this type of appraisal
should be incorporated into the pe-
diatrician’s initial examination of the
infant’s reflexes. The pediatrician, or
in other cases the general practitioner
who examines the child in the hospital
nursery, is able to consider the infant’s
response to sound in the perspective
of the child’s total reactions to stimuli.
An alternative procedure is for a hos-
pital audiologist or otologist to appraise
the infant’s response to sound as mani-
fested by the startle pattern. Another
alternative is to use the hospital or
public health nurse who has had in-
service training and workshop expe-
rience in the recommended procedures
and possesses some fundamental know-
ledge of the nature of acoustic stimuli.

Similarly, pediatricians, otologists, or
audiologists, as well as nurses who have
particular training in the techniques
already described, are competent to
identify those children in the age range
from seven to 24 months who may
have hearing problems. The sound
localization procedures for children
from seven to 24 months of age and
the procedures appropriate for the test-
ing of children from two to five years
of age should be carried out by a
trained audiologist. Not only should
he have technical qualifications but he
should be competent to work well with
children.

Whether the testing of children from
two to five years of age is done by
personnel in state health departments
or in departments of public instruction,
it is important that school administra-
tors and educational personnel should

have as much information as possible
about the hearing impairment or sus-
pected hearing impairment of children
at the time they first enter school.

Summary

It is recommended that use be made
of startle responses in testing children
from birth to approximately two
months of age. Tests using distraction
responses and gross tests of the locali-
zation of sound by the infant can be
used with children aged seven to 24
months. A variety of procedures, in-
cluding conventional pure tone audi-
ometric techniques, are available for
testing children between two and five
years of age.

The pediatrician, the general prac-
titioner, a hospital audiologist or otolo-
gist, or a hospital or public health nurse
may be responsible for screening hear-
ing in infants from birth to 24 months
of age. Training materials are available
pertaining to techniques which may
be used. Programs for testing preschool
children from two to five years of
age may be set up by public agencies
such as health departments. Such pro-
grams should be under the administra-
tion of a trained audiologist.
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IT1. Identification Audiometry for School-Age

Children: Basic Procedures

General Test Methodology

Identification audiometry in the
school-age population is best described
in two stages. The first has traditionally
been called screening audiometry. It
involves the testing in an abbreviated
way of large numbers of children re-
sulting in the ready identification of
those who have no hearing problems
and the tentative identification of those
who may have hearing problems. The
second stage involves a test of minimal
hearing sensitivity; this is a more de-
tailed test by more highly trained per-
sonnel with more elaborate equipment.
Its purpose is to lead to the final identifi-
cation of those who should be referred
to an otologist, or other physician, for
a complete diagnostic work-up.

The first stage of the procedure
involves either individual or group
limited-frequency testing. Procedural
details are presented in this chapter and
the next. Only pure tone audiometric
procedures are considered. It is strongly
recommended that individual pure tonc
testing be planned for all grade levels
whenever possible. Many experts be-
lieve that periodic screening on an
individual basis is better than an annual
screening using group procedures.
However, if a choice must be made
between group pure tone audiometry
or none, group procedures are possible
at least at third grade level and above.

Local considerations having to do
with scope of the total program, the
ages of the children to be tested, and
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the amount of time and money avail-
able for the program may make it
necessary to resort to group methods
(4, 8, 13). Data from several state pro-
grams indicate that group testing is
considerably less expensive than an in-
dividual screening program: for ex-
ample, in one state costs for individual
pure tone screening run between 25
and 35 cents per capita, whereas group
pure tone screening procedures involve
a cost of between 15 and 17 cents per
child.! Figures from the Michigan
Hearing Conservation Program indicate
that relatively untrained technicians
can do accurately between 70 and 80
individual sweep check hearing tests
per day; through the use of group pure
tone screening procedures between 200
and 250 pupils can be tested per day
with comparable accuracy when an
adequately quiet testing environment
can be achieved. In a community where
group hearing testing equipment can
be left in one room, the procedure
would involve considerable economy.
However, where this is not possible,
the time spent in setting up and serv-
icing the equipment would no doubt
reduce the amount of saving involved
in group testing procedures. Group
procedures requiring paper and pencil
responses can be employed satisfactorily
only with children in the third grade

*These data from an unpublished time-cost
study conducted by the Hearing Conserva-
tion Section, Michigan Deparunent of Health,
were reported at the Conference by Court-
ney D. Osborn.
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and zbove. Younger children cannot
ke relied on to make appropriate re-
sponses to this kind of test.

Descriptions of appropriate group
testing procedures can be found in
standard textbooks. Group procedures
using fading numbers are not recom-
mended. Criteria for failure which are
presented at the end of this chapter
may be applied to group as well as
individual techniques using pure tones.
Where group procedures are used, the
equipimnent should be carefully cali-
brated and checked regularly and the
tesults of its use validated against the
results of individual hearing testing so
that administrators may be sure that
the program is functioning with accep-
table efficiency.

In the second stage of the process,
the threshold test, standardized pro-
cedures should be followed. Descrip-
tions of these procedures can be found
in standard textbooks (5, 12).

It is possible that in the future some
of the automatic audiometric tech-
niques mentioned in Chapter V may be
adapted for use with school-age chil-
dren. Administrators of hearing conser-
vation programs may well want to
investigate developing automatic audi-
ometric procedures and the variations
of use to which they may be put.

Environment

It is useless to carry out the recom-
mended identification audiometric pro-
cedures unless the results obtained can
be assumed to be valid. Their reliability
depends upon three important aspects:
the environment in which the testing is
done, the equipment used, and the per-
sonnel operating the equipment. If there
is a breakdown anywhere, the results
of the program become meaningless.

A good acoustic environment is nec-
essary. It can safely be said that mil-
lions of dollars and thousands of man
hours are now being spent on worth-
less programs simply because space has
been utilized because of its convenience
rather than because of its suitability for
the purpose. If an examiner is screening
at 15 db above audiometric zero while
the environment induces 20 db of mask-
ing, spuriously large numbers of sub-
jects will be identified as having hearing
problems and will be referred on to
successive stages of the program. Initial
expenditure of money for a suitable
testing environment results in substantial
savings of money spent for the referral
of children erroneously thought to have
hearing impairment.

The amount of space to be planned
for hearing testing will depend upon
whether the first stage makes use
of group audiometric techniques or
whether both stages involve individual
testing. Regardless of the type of test
used, the testing environment must be
one in which valid measurement can
be obtained. This requirement neces-
sitates the use of acoustic treatment
in all enclosures used for testing.

In existing school buildings appro-
priate space may conceivably be found
and adapted for this use. Past expe-
rience suggests that this possibility is
often unlikely. Useful space should be
located as far away as possible from
heating and other mechanical equip-
ment, the school shop, the music room,
the typing room, the cafeteria, rest
rooms, and other sections where stu-
dent traffic and regularly scheduled
activities can be expected to induce
high masking levels. In planning to
adapt already existing space or in plan-
ning space designed for hearing testing
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in new construction, administrators will
find it advisable to make sound level
and spectral analyses in order to deter-
mine whether the rooms meet the
specifications established by the Amer-
ican Standards Association.?

They may also secure the services
of acoustical consultants available in
nearby universities or industrial estab-
lishments. Cox (2) has recently defined
the minimal noise levels allowable for
testing various frequencies at given in-
tensity levels. It is earnestly to be
hoped that school boards will come
to sec the need for specifying the
inclusion in each new school building
of space planned for the efficient im-
plementation of hearing conservation
programs. It is also to be hoped that
architects who plan the space will give
due consideration to the problems in-
volved.

It is likely that the program will
demand sound treatment beyond what
the usual existing school can provide
or what local carpenters can well con-
struct. It is, therefore, strongly recom-
mended that in schools which cannot
provide adequately quiet quarters,
sound-treated prefabricated booths be
purchased and installed. A portable
booth which can be conveniently dis-
mantled and set up again is not recom-
mended, as the best of these portable
structures achieves only from 20 to
25 db of attenuation in the frequencies
tested. A standard sound-treated booth
made by a commercial manufacturer
which can guarantee at least 40 db
attenuation is recommended. Such
booths are available at a cost of be-
tween $1200 and $1500. School boards

2ASA Srandard S3. 1-1960, American Stand-
ard Criteria for Background Noise in Audi-
ometer Rooms,

may find it less expensive to procure
mobile testing units—specially con-
structed buses or trailers—that provide
the necessary sound isolation to guar-
antee reliable test results. Such units
are useful, too, for covering large
areas of sparse population. In the larger
mobile units, group as well as individual
testing can be performed.

Only through planning a program
in accordance with such stringent cri-
teria for test environment can those
responsible for the program be sure
that they are measuring the hearing
levels of the children and not just the
background noise of the school. The
required outlay of funds is reasonable
and essential. Schools which lack ap-
propriately designed space will find
a kind of precedent set by industry.
It is an impressive fact that upon
the insistence of noise engineers and
audiologic and otologic consultants to
industry, over 1,000 prefabricated
sound-treated booths have now been
installed in industrial situations in the
United States.

A supervising audiologist will want
to make frequent check of the number
of individuals identified because of fail-
ure in the low frequencies tested. If
he finds an inordinate number of fail-
ures at 500 cps or below, in cases
where normal hearing is found in the
higher frequencies, he will know that
the screening level he has adopted is
inappropriate for use in all frequencies
in the testing environment he has.

Frequencies to be Tested

Since 2 complete threshold test of
every child at all frequencies may not
be feasible, a selection of certain fre-
quencies must be arrived at through
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some process of compromise. Certain
factors which enter into the making of
rhis compromise must be carefully
weighed. These include the time de-
voted to the initial screening, the time
required in the retesting of children
who fail to meet the criteria of the
Initia. screening, the realities of the
acoustic conditions of the testing en-
vironment, and the reliability of instru-
mentation in the testing of certain
frequencies.

At present, definitive data are not
available which would make a decision
about the frequencies to be tested
¢lear-cut. Data do not exist which in-
controvertibly indicate that the ex-
tremes of the frequency spectrum
should be included, for example, 125
cps =nd 8000 cps. Similarly there is
a lack of incontrovertible evidence that
limited frequency testing using only
one or two frequencies will result in
the identification of an acceptable per-
centage of hearing losses in a school-age
population.

In the absence of these definitive
data, it is recommended that no less
than four, preferably five, frequencies
be tested. The frequencies recommend-
ed for identification audiometry at the
school-age level are 500, 1000, 2000,
000, and 6000 cps.

There are several reasons why elim-
ination of the lower frequencies is
recommended. It is generally agreed
that useful clinical information is sel-
dom gained by testing at 125 and 250
cps. It is difficult in most testing envi-
ronments adequately to combat inter-
fering environmental noise in testing
these frequencies.

Sorie audiologists recommend not
including 500 cps in the screening of
school-age children. In many testing en-

vironments there is considerable mask-
ing at 500 cps. There is some evidence
to indicate that even under excellent
testing conditions the use of 500 cps
does not necessarily improve the ef-
fectiveness of the screening if 1000 cps
is used. A study conducted in one
state indicated that when 500 cps was
used in the initial screening, almost
one-fourth of the total failures on the
screening test were due to failures to
reach the criterion level on 500 cps
only. It was found that if this fre-
quency were eliminated, only 2.2% of
the medically significant hearing losses
confirmed by detailed testing in otolog-
ical clinics would have been missed;
thus 97.8% of the medically significant
losses would have been identified with-
out testing at 500 cps.® On the basis
of the economic considerations indi-
cated by such information some pro-
grams may very well prefer to omit
500 cps, in this way probably reducing
the number of children referred for
threshold testing and thus permitting
personnel to devote more time to the
initial screening of larger numbers of
children.

On the other hand, when the hear-
ing testing environment can be made to
meet the criteria set forth herein, as
can usually be done, it is highly de-
sirable to test at 500 cps. The purpose
is to identify as many children with
hearing problems as possible, and cer-
tain published information (3, 9) sup-
ports the view that 500 cps may be a
critical frequency in identification audi-
ometry for school-age children.

‘Data taken from unpublished study by
Evan Lounsbury, Regional Audiologist, Hear-
ing Conservation Section, Michigan Depart-
ment of Health. Reported at the Conference
by Courtney D. Osborn.
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There is no general agreement about
which of the higher frequencics should
be included in a screening test. There
is fairly good agreement that reliable
testing at 8000 cps is difficult. It is
felt that no audiometer presently avail-
able can consistently hold ASA stand-
ards at 8000 cps. The response of
earphones frequently begins to fall off
sharply at 8000 cps and an audiometer
is easily put out of calibration at that
frequency. The Armed Forces-National
Research Council Committee on Hear-
ing and Bio-Acoustics (CHABA) (14)
has recommended that 8000 cps not be
used in identification audiometry.

The inclusion of 4000 and 6000 cps
for identification purposes has been
widely debated. Some feel that the
identification program should be con-
cerned primarily with medically re-
versible conductive-type hearing losses;
therefore testing of the higher fre-
quencies is advised against. Others feel
that high frequency hearing losses
should be discovered in the initial
screening if possible.

It is known that a substantial part of
the population demonstrates a dip at
4000 cps. In some cases this dip can
be related to environmental noise, for
example, the noise of tractors which
farm children may drive.* Apparently
in some individuals the presence of a
4000-cycle dip has little significance,
and when serial audiometry is done,
no change in the amount of loss is
found over a period of years. Since
such large numbers of children are

‘A study in progress, ‘Incidence of 4000
cps binaural losses in school children,” is a
research project of the Division of Special
Education, Iowa Department of Public In-
struction, sup;smrted by Research Grant
#B-1970 (A), S.D.(A), National Institute of
Neurological Diseases and Blindness.

found with a 4000-cycle dip, many
otologists have indicated that they pre-
fer not to have referred to them chil-
dren with a loss at only that frequency.
Many audiologists feel that it is impor-
tant to test at both 4000 and 6000 cps;
if hearing is normal at 6000 cps, one
can dismiss a dip at 4000 cps as of
minor significance. However, if a loss
is found at 6000 as well as at 4000 cps,
there is evidence of a more pervasive
involvement and the child should be
referred for threshold testing and pos-
sibly for an otological examination. In
line with this reasoning, some audiol-
ogists prefer to screen only at 6000
cps and not at 4000 cps.

It may be restated that no valid data
exist supporting the use of a sweep-
check hearing test at all frequencies;
nor are there adequate data available
yet to support limited frequency audi-
ometry using only one or two fre-
quencies (6). In programs of preventive
medicine, however, if one too early
strips his data-gathering down to the
minimum, he will fail to answer all of
the pressing questions about hearing
loss. The procedure of choice, then, is
to test more frequencies rather than
fewer frequencies until such time as
definitive data are available justifying
the use of only one or two frequencies.

Intensity Levels and Criteria
for Failure

Current practices with regard to the
use of given intensity levels are based
upon recommendations made by the
American Academy of Ophthalmology
and Otolaryngology in 1943 (7). These
recommendations were apparently
based on clinical practice and not upon
some statistical determination of what
would constitute the best screening
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level and the most appropriate criteria
for failure.

In the discussion that follows it is
to be remembered that a two-step
audiometric procedure is undertaken
prior to referral of a child to an
otologist. The first step is a four- or
five-frequency screening test. (Some
audiologists may prefer to insert an
immediate re-screening step following
this in case of a child’s failure to meet
the criteria.) The second step consists
of a threshold test involving all fre-
quencies. The criteria for failure apply
to both steps. The first test is designed
to yield a considerably larger number
of cases than are found in the second
step to have a significant hearing loss.
The sccond step is designed to identify
those children most appropriately re-
ferred to an otologist for a diagnostic
examination. The interposition of the
scconc. step is designed to prevent un-
necessary referral.

Current criteria for referral (12, p.
2°0) specify failure at two of the fre-
quencies tested at a sensation level of
20 db or failure at one frequency tested
at a level of 30 db. A 15 db sensation
level has been adopted as the screening
level for identification audiometry al-
most uniformly across the country. The
historical basis for this choice is that
15 db is a level about two standard
deviations above the mean threshold of
individuals with normal hearing. A
second justification for the use of this
level is that disability in understanding
speech in some situations begins at
about 15 db above audiometric zero.

It is now recommended that practice
be altered as follows: only four fre-
quenci:s shall be comsidered in the
criteria for referral: 1000, 2000, 4000,
and 6000 cps. It is recommended that

screening be dome at the 10 db level
with reference to the present American
Standard audiometric zero for the fre-
quencies of 1000, 2000, and 6000 cps,
and at the 20 db level for the frequency
of 4000 cps. A child would be judged
to have failed the screening test and
to be a candidate for referral for the
next step if he failed to hear the 10 db
level at either 1000, 2000 or 6000 cps,
or if he failed to hear the 4000-cycle
tone at the 20 db sensation level in
either ear. It is to be remembered that
if screening is done at 15 db, a person
who has a 15 db hearing loss is passed.
The use of 10 db as the screening level
at 1000, 2000, and 6000 cps results in
the clear labeling of the person who
has a 15 db hearing loss as warranting
further attention.

Choice of Equipment

Noisy environments can lead to the
spurious identification of individuals as
having hearing losses. The audiometers
themselves may also be responsible for
the erroneous identification of apparent
losses. To many users of audiometric
equipment the instruments are very
impressive and seem to imply high
reliability. In actuality, many audio-
meters are relatively unstable and much
care must be exerted in their selection
and maintenance,

The audiometer to be used in the
first stage of identification audiometry
should meet the requirements estab-
lished by the American Standards
Association for limited frequency audi-
ometers.® This equipment allows for
the testing by air conduction of five

SASA  Standard 7Z24.12-1952: American
Standard Specification for Pure-Tone Audi-
ometers for Screening Purposes,
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or six frequencies with an output up
to 70 or 80 db. It need not provide for
masking or for bone-conduction testing.
(See also 11.) The audiometer to be
used in the second stage for the ob-
taining of the threshold audiogram
should meet the requirements estab-
lished by the American Standards
Association (I) for diagnostic audio-
meters. (See also 10.) Such audiometers
can, of course, also be used in the
first stage of screening.

The purchaser of a new audiometer
should request that the manufacturer
supply data corresponding to the spec-
ifications established by the American
Standards Association. The purchaser
of audiometric equipment for school
testing purposes should be aware of
the fact that audiometers are generally
most efficient in the measurement of
hearing loss of a considerable degree.
It is technically easier to make the
attenuation linear at levels above audi-
ometric zero than it is at or near
audiometric zero. Whereas the otologist
will more usually be concerned with
measurements in the 40 to 70 db range,
personnel working with school-age
children will be more concerned with
the linearity of audiometers at levels
near audiometric zero where measure-
ments of children with normal or near
normal hearing are made.

The equipment purchased for indi-
vidual audiometry should include head
sets with two earphones so as to reduce
the masking effect of ambient noise.
When group testing equipment is pur-
chased, it should provide up to 40
pairs of phones in head sets with
cushions. Only one phone of each set
need be live, but there should be pro-
vision for covering the ear not under
test,

Attention should be given to the
size of the earphones used with indi-
vidual children. Especially with the
school-age group heads and ears vary
greatly in shape and size, and some
obtained differences in hearing may be
attributed to differences in the fit of
earphones. Headbands should provide
pressure adequate to hold cushions
tightly against the head; headbands
providing more degrees of freedom in
all directions are to be preferred.

Purchasers of equipment for testing
school-age children will be interested
in following the progress made in the
development of supra-aural muffs; some
muffs that have been developed prom-
isc to provide an economical answer
to problems of masking in environments
not specifically planned for hearing
testing. It is to be hoped that such
muffs will be standard equipment on
audiometers in the near future; also
desirable is a universal type of cushion
appropriate for both children and adults
or separate cushions for different age
groups tested in the identification audi-
ometry program.

Purchasers of equipment will also be
interested in the simplicity of design
of the equipment (the types of cir-
cuits involved, the number of tubes,
etc.), the smoothness of function of
the controls, the durability of the
chassis, and the convenience of place-
ment of the dials and control levers.
Audiometers of desired ruggedness and
stability with a variety of special fea-
tures are available but obviously at
greater cost to the consumer. Suffice
it to say that the inexpensive audio-
meter ordinarily purchased for use in
the testing of school-age children may
well be relatively unstable and requires
the constant vigilance of the user if
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valid results are to be obtained from
it.

Maintenance of Equipment

The person in charge of the hearing
testing program should have a clearly
stated policy of what the individual
audiometrist is expected to do with
regard to maintenance of the equip-
ment and what he is expected not to
do. The audiometrist who daily oper-
ates the equipment should be responsi-
ble for testing of tubes; the replacement
of earphone cords, fuses, and line cords;
and the biological calibration of the
audiometer daily to detect any marked
shift at given frequencies. He should
periodically listen to each phone to
be sure that it is operating and to
determine whether increasing the in-
tensity 5 db results in corresponding
changes in loudness. The audiometrist,
who knows his own audiogram, should
check his hearing daily and at least
bi-weekly check the audiometer with
a group of individuals not noise-exposed
and known to have normal hearing.
Personnel should be warned against
soldering joints and replacing the ear-
phones from one audiometer with those
from another.

Beyond this first-echelon mainte-
nance, it will be helpful to have some
kind of independent evaluating agency
available to users of audiometers for
consultation on calibration procedures.
If local demands are great enough, cal-
ibration check centers should be estab-
lished by departments of health to
serve programs within states or within
still larger regions. Several new devices
are being developed which will be use-
ful for checking the calibration of ear-
phones in the field without returning

them to the factory. The critical point
in calibration of audiometers is the
intensity output at various frequencies.
Four companies now offer calibration
equipment which can be purchased for
use in a regional or state calibration
center. Such equipment can be used
to determine whether an individual
audiometer needs to be returned to
the factory and can also be used to
check on the adequacy of factory cali-
bration.

In the absence of such an evaluating
agency a supervising audiologist would
be responsible for making the next level
check, to determine whether an audi-
ometer needs a factory overhaul. It
is strongly recommended that an audi-
ometer should be returned to the
factory (or factory-designated regional
center) for calibration check, re-cali-
bration, and any necessary repair after
every four months of use or, if this
is not possible, after six months of use,
and in any case no less frequently than
once each calendar year.

Summary

Identification audiometry for school-
age children consists of mass screening
of large numbers followed by a test
of hearing sensitivity for those sus-
pected of having hearing problems.
Mass screening may be done by indi-
vidual or group screening methods.
Individual screening is more accurate
but more costly.

Quiet environment is essential for re-
liable hearing testing. Testing rooms
should be acoustically treated. It is rec-
ommended that schools purchase com-
mercial sound-treated booths, which are
available at reasonable cost.

The frequencies recommended for
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identification audiometry at the school-
age level are 500, 1000, 2000, 4000,
and 6000 cps. It is recommended that
screening be done at the 10 db level
(with reference to the present Amer-
ican Standard audiometric zero) for
the frequencies of 500, 1000, 2000, and
6000 cps and at the 20 db level for the
frequency of 4000 cps. It is recom-
mended that the criteria for failure be
failure to respond to the 10 db level
at 1000, 2000, or 6000 cps or to the
20 db level at 4000 cps.

Equipment should meet the require-
ments established by the American
Standards Association for limited fre-
quency and diagnostic audiometers.
Equipment should be properly cali-
brated and maintained. Independent
regional calibration check centers
should be established where needed by
departments of health. Calibration
checks of audiometers should be made
after each four months of use and in
no case less frequently than once a
year.
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IV. Identification Audiometry for School-Age
Children: Implementing the Program

Periodicity of Testing

Practices and philosophies vary with
regard to the frequency with which
hearing tests should be administered to
children in the school-age group. Some
audiologists feel that the ideal program
involves testing every child every year.
Because of the fact that such a practice
involves large numbers of people and
the outlay of large amounts of money,
many kinds of compromises have been
suggested. Perhaps the most reasonable
compromise is dictated by two consid-
erations: (1) detection of hearing loss
is particularly important in the younger
part of the school-age population; if
a child fails an early screening test,
there is reasonable probability that he
will fail subsequent tests; (2) some
children constitute special referrals for
hearing testing outside of the routine
periodicity of tests.

In newly-established programs an
effort should be made to test all of
the children during the first school
year. Thereafter an adequate program
includes aggressive attention to the
possibility of hearing problems in the
early years in school. This can be
implemented by annual testing in kin-
dergarten and grades 1, 2, and 3. Less
frequent testing can be planned in sub-
sequent school years, but mno child
should experience more than a three-
year interval between tests from grades
4 through 12.

Some programs PI'CfCI' to operate a
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screening program in such a way that
children will be tested once every two
years, for example, in grades 1, 3, and
5, or 2, 4, and 6, plus one test at high
school level. More important than to
schedule hearing testing in certain
grades every year is to insure that no
child fails to have his hearing tested
at least every two or three years. Ac-
counting, then, should be by child
rather than by grade.

Extension of periodical hearing test-
ing into the high school age is recom-
mended. Because of the tendency for
otosclerosis to appear late in school-age,
it is important that high school stu-
dents be tested in grade 10, 11, or 12.

The time of year at which the iden-
tification audiometric program is con-
ducted should be selected with care.
Clinical findings indicate that there are
important differences between the re-
sults of tests given at different times of
the year. Some have suggested that
hearing testing should be done in the
‘worst’ season of the year with regard
to hearing conditions. There are per-
haps two seasons of the year when the
prevalence of hearing problems in-
creases significantly: the so-called ‘cold’
season in mid-winter, extending through
January and February, and the allergy
season, the time and duration of which
will vary in different parts of the coun-
try. There are always difficulties in
designing a program which identifies
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the maximal number of problems dur-
ing both seasons. Ideally a child should
not have his hearing tested at the same
season on successive hearing tests.

The most reasonable compromise
would seem to be to test hearing as
early in the school year as possible.
The supervisor of the program must
exercise judgment in deciding how
best to use the personnel available to
him. He may choose to consolidate his
hearing testing personnel and have
them move as a group into a school
to accomplish the complete routine
hearing testing in the briefest possible
time, moving on successively to other
schools, and thus accomplish the total
identification program within a matter
of weeks or months rather than stretch
it out over the entire year.

In addition to the routine periodicity
discussed above, an adequate program
should include opportunity for im-
mediate testing of the following types
of children (I):

(1) All pupils who are new to the
individual school or to the school
district.

(2) Pupils discovered by previous
tests to have a hearing impair-
ment.

(3) Children with delayed or defec-
tive speech.

(4) Pupils returning to school after
a serious illness.

(5) Pupils enrolled in adjustment or
remedial classes or programs.

(6) Pupils who appear to be retarded.

(7) Pupils having emotional or be-
havior problems.

(8) Pupils referred by the classroom
teacher for hearing testing for
any reasor.

Records

Records of hearing testing through
the school-age years should be made a
part of the child’s general health rec-
ord. Space should be provided for re-
cording information from a series of
audiograms over the school years, with
the dates of the tests, the recommen-
dations, and the follow-up.

Such records should be kept as long
as is reasonable. Some school systems,
having limited storage space, keep the
records no longer than they are re-
quired to keep them, usually three
years after the child’s graduation from
school. When records are maintained
by state health departments, the period
is often three years beyond the limit
of children’s programs, which typically
deal with individuals up to age 21.

Medical personnel, vocational reha-
bilitation personnel, and personnel in
military service and industry who have
access to records of hearing testing
done during the school-age years would
find these helpful as reference audio-
grams in relationship to subsequent
hearing tests. School or health agencies
can turn such records over to the
families of the children involved, par-
ticularly if they suggest that the child
had had some history of hearing loss.

It seems obvious that if current hear-
ing test records are to be maximally
useful, they should be available to med-
ical and educational personnel as well
as to parents. They should be used
in the planning of educational programs
as well as in programs of health. The
school and public health nurse, phy-
sicians, and school and community
speech clinicians should all have the
opportunity to scrutinize these records
in connection with their various pro-
grams.
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Personnel

Identification audiometry with
school-age children usually requires
personnel at two levels, supervisory
and technical. A supervising audiologist
should hold the certificate in hearing of
the American Speech and Hearing As-
sociation or at least meet the academic
and practicum requirements for that
certificate. He has responsibility for
selecting the most appropriate proce-
dures for testing the particular popula-
tion to be studied; selecting, training,
and supervising audiometrists; referring
certain children for more complex
audiological study; supervising equip-
ment calibration; discussing test results
with otologists; educating various seg-
ments of the public in acceptance of
the program of identification audio-
metry; following up on referrals; and in
gencral carrying out the entire sub-
program of identification audiometry.

At the second level are audiometrists
capable of performing both individual
and group screening tests and individ-
ual threshold tests. If possible these
audiometrists should have at least one
college-level course in audiometry, in-
cluding supervised practice in testing.
More detailed academic training than
this is certainly desirable but in some
cases even less training may have to
be accepted if enough personnel are
to be available to man a program.

Prescribed training might well con-
sist of a short course lasting from two
to six weeks: approximately one-half
of the time would be devoted to basic
information about hearing and hearing
impairment and the instrumentation
used in hearing testing; the other half
would be devoted to supervised prac-
tice in testing. Such an intensive course

would give relatively little attention to
the neurology and physiology of hear-
ing, to testing by bone conduction, and
to the use of speech audiometry, GSR
audiometry, and tests for malingering
and psychogenic deafness. Trainees
would practice using the audiometer
on many individuals with different
hearing characteristics, all under close
supervision. Such short courses may be
offered in universities and colleges or
by the staffs of state departments of
health.

Short courses of the type described
have been successfully used in military
service (for example, U. S. Navy, six
weeks, 108 hours; Walter Reed Hospi-
tal, two weeks, 80 hours) and elsewhere
(Michigan Department of Health, six
weeks, 180 hours). The whole question
of training programs for persons of
limited responsibility has for some
years been under consideration by the
American Speech and Hearing Asso-
ciation. Guidelines regarding the scope
of such courses have recently been pub-
lished (2). There is agreement that it
is desirable that the course be presented
over a period of several weeks, as op-
posed to a concentrated two- or three-
day institute.

How many audiometrists will be
needed to implement a program for
testing school-age children? One state
department of health has found that
an audiometrist handling the first two
stages of the program and using a com-
bination of group and individual testing
can reasonably test a school population
of between 10,000 and 12,000 children
per school year. If the program requires
a test only every other year rather
than every year, the audiometrist can
handle a population of about 24,000.!

*Data reported by Courtney D. Osborn.
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A similar program in another state has
reported comparable figures, an audi-
ometrist serving between 12,000 and
15,000 children per school year, the
exact number depending upon the dis-
tance covered by the audiometrist and
the amount of travel involved.? In a
third state reimbursement regulations
recently drafted prescribe that an audi-
ologist shall serve a population of from
12,000 to 13,000. The audiometrist in
this program is envisioned as serving a
population of 4,000 children, but his
work is described as only part-time
work in the first and second stages of
testing.?

There is some difference of opinion
about the type of personnel who should
be selected for work as audiometrists.
Their job, involving as it does frequent
repetition of certain basic operations,
does not allow for much creativity.
Individuals with substantial training in
audiology may find such employment
unattractive for an extended period. On
the other hand, if progress is to be
made in hearing conservation programs
around the country and if usable re-
search data are to emerge from these
programs, close attention must be given
to the competence of those doing the
work. Only an adequately trained per-
son knows the implications of being
careless.

Speech clinicians and registered
nurses may, when they have had ap-
propriate training, be competent to
handle the first-stage screening and the
second-stage threshold examination. But
if they are used for these purposes, the
skills which they were primarily trained
to employ will be wasted. As a matter

*Reported by George J. Leshin.
*Reported by Dale S. Bingham.

of economy, then, people other than
nursing and speech correction personnel
are customarily selected to handle the
first two stages.

Volunteer personnel (housewives, re-
tired school teachers) who are intel-
ligent, highly motivated to do this sort
of service, tactful, insightful in observ-
ing children’s behavior, and capable of
working easily with children as well as
amenable to the suggestions of the
supervisor, may be selected and trained.
If such selection is done with discretion,
problems of frequent turnover of per-
sonnel may be obviated. Where such
persons are employed, administrative
procedures should be set up and main-
tained to see that they are prevented
from making evaluations and decisions
which they are not competent to make;
they should be prevented from doing
more than first- and second-stage hear-
ing testing.

The success of the entire hearing
conservation program rests upon the
validity of the hearing measurement
done in the first two stages, and this
validity rests importantly upon the
competence of the personnel doing the
testing. Efforts should continually be
made, then, to help them maintain high
standards of performance and to pro-
vide expert supervision to insure the
validity of their results.

Referral Procedures

It is difficult to discuss the procedures
of identification audiometry without
making some reference to the steps
which must follow. It has been stated
that the program of hearing testing
should provide for adequate medical
consultation. Certainly the final steps
in the appraisal and management of
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individuals identified as probably hav-
ing hearing impairment should be in
the hands of medical personnel most
competent to give the children the care
they need. An otological examination
of such children is not just a desirable
fearure which hopefully can be ar-
ranged but is a requirement if the pro-
gram is to be effective.

The procedures adopted in order to
accomplish this goal vary from locality
to locality. In some communities the
results of the two-stage identification
process are studied by an audiologist
in the central municipal or county or
state administrative headquarters of the
hearing conservation program. In some
programs he alone does not make the
decision about subsequent referrals but
makes it together with an otological
consultant. Such joint professional re-
view of each case is particularly desir-
able since it permits a careful weighing
of all previous data about the child’s
hearing together with pertinent infor-
mation from the case history. As a
resuit of this third step, a decision is
finally made that a given child should
have a comprehensive evaluation of his
hearing, comprising a diagnostic audi-
ological workup and an otological ex-
amination.

Some programs have developed a
plan, approved by local or regional
medical groups, to make such referrals
directly to otologists. In other pro-
grams procedures involve an initial
referral to the child’s family physician,
who may accept responsibility for the
care of the child if he feels himself
competent to do so or who may, in
turn, refer the child to an ear, nose,
and throat specialist. Throughout the
country hearing conservation programs
are increasingly endeavoring to com-

municate to pediatricians and general
practitioners the urgency of the prob-
lems involved. Moreover, some pro-
grams have made excellent use of
public health or school nurses to help
parents understand the reason for the
referrals that are made and to help
them make and keep appointments for
further audiological and otological ex-
aminations.

In every hearing conservation pro-
gram problems inevitably arise con-
cerning the number of referrals for
medical examination created by iden-
tification audiometry. Efforts should
obviously be made to avoid referring
for complete audiological and otolog-
ical workups large numbers of children
who turn out to have no medically
or educationally significant hearing loss.
Educators and physicans alike, bowever,
agree that as a matter of general prin-
ciple it is better to err on the side of
over-referral than it is to take a chance
with under-referral and thus neglect
to secure mecessary medical treatment
for children who need it. Cooperation
among educational, audiological, and
medical personnel in organizing and
implementing hearing conservation pro-
grams is necessary in creating an under-
standing of the intent of the total
program and of the possibility that
occasionally children will be referred
who are found to possess no significant
hearing problem.

‘When it has been determined that
a child has a significant hearing loss as
a result of the sequence of referrals
described above and when necessary
medical and surgical treatment and
followup have been provided, there is
one further important step to be taken.
The audiological and medical findings
of the otologist must be conveyed to
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the parents and to other persons who
are particularly concerned with the
management of the child. The special
education supervisor, the speech cli-
nician, and the classroom teacher must
be apprised of the child’s needs and
encouraged to meet them as compre-
hensively as possible. Appropriate entry
should be made in the child’s school
health record so that a continuing pro-
gram of care can be insured.

Program Ewvaluation

Administrators of programs of iden-
tification audiometry will naturally be
concerned as to whether the expendi-
ture in terms of personnel, time, and
money is warranted and whether the
program is yielding the desired results.
Only by constant scrutiny of the re-
sults of ongoing programs can weak-
nesses to perceived, corrective steps be
taken, and maximal usefulness be de-
rived. .

One way in which such a continuing
evaluation can be made is by a com-
parison of the results emerging from
the various stages of the process. Sev-
eral steps are involved: first a validation
of the first screening test by com-
parison of it with the results of the
second-stage threshold examination; a
further validation of the results of the
first two stages is provided in the
third-stage processing of the results by
a professionally capable person in the
field of audiology, ideally together
with a professionally capable person in
the field of otology, who can state on
what basis they made a decision for fur-
ther referral or not; a third validation is
provided by the final clinical report
made by the otologist who accom-
plishes the comprehensive otological

examination. Careful analysis of the
information yielded by this succession
of tests indicates whether an efficient
program of preventive medicine is be-
ing carried out.

There is another kind of evaluation
which the administrator may want to
make. The total number of audiograms
produced in either the first or the sec-
ond stage or both can be translated into
a distribution of hearing losses. If the
distribution deviates substantially from
the distribution that one expects for a
normal population, the administrator
will be interested in examining into the
testing environment, the calibration of
audiometers, and the procedures used
by individual testers.

Summary

In newly-established programs all
children should be tested during the
first school year. Thereafter children
should be tested annually in kinder-
garten and grades 1, 2, and 3. Less
frequent testing can be planned in
subsequent school years, but no child
should have more than a three-year
interval between tests from grades 4
through 12. Provision should be made
for immediate testing of new pupils,
pupils returning to school after a ser-
ious illness, those presenting special
adjustment problems, and those referred
by teachers specifically for hearing
testing.

Records of hearing testing should be
made a part of the child’s general
health record and made available to
medical and educational personnel re-
sponsible for the child’s welfare. Such
records should be turned over to the
child or his family upon his graduation
from school.
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Supervisors of identification audi-
ometry programs should be trained
audiologists holding the certificate in
hearing of the American Speech and
Hearing Association. Audiometrists ad-
ministering screening and threshold
tests should have training and super-
vised practicum in these procedures.
A minimum training program is sug-
gested.

All testing procedures should be
followed by medical, audiological, and

educational evaluation so that each
child’s needs may be identified and
steps taken to meet these needs.

References

1. Hearing Testing of School Children.
Sacramento: Calif. State Dept. of Educ,
1954.

2. Report of Committee on Short Courses
in Audiometric Techniques. Trans. Amer.
Acad. Opbtbal. Otolaryngol., 63, 1959,
852-853.



V. Identification Audiometry for Adults

Industry and the Military

The interest of industrial establish-
ments and the military services in
hearing problems is similar, and the pro-
cedures that are recommended for use
in the two situations are essentially the
same. Both industry and the military
need a preplacement (sometimes called
a reference) audiogram for each indi-
vidual as he enters the organization. The
audiogram should be a threshold audio-
gram involving appraisal of hearing at
the following frequencies: 250, 500,
1000, 2000, 4000, 6000, and 8000 cps.
This preplacement audiogram furnishes
a baseline for use in connection with
noise trauma on the job, in subsequent
job placement, and in determination of
terminal compensation due the em-
ployee or the serviceman because of
hearing loss incurred during the period
of employment or service.

Group testing can be highly prac-
ticable in industry and the military
service, but the size of the groups is
likely to be quite different. Ordinarily
in industry it is not convenient to use
group techniques because there is no
logical flow of subjects in sizable num-
bers. Rounding up enough men to make
group testing efficient ordinarily means
a loss of efficiency on the production
line. Probably at least 12 individuals at
a time are needed if group testing is
to be efficient. In the military service
at induction centers where men filter
in continuously and at larger centers
such as training centers and depots
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where large groups of men are concen-
trated under close discipline, group
procedures are quite convenient. Fifty-
phone arrays with a magnetic tape for
presentation of stimuli have been used
in deriving six-octave threshold audio-
grams in both ears at the rate of 150
men per hour, including time needed
for audiogram interpretation.

In both industry and the military
service pe'riodical monitoring audio-
grams will be necessary depending
upon the nature of the duty of the
individual and the noise conditions
surrounding that duty. A damage risk
criterion of 95 db SPL in the octaves
from 300 to 2400 cps defines a haz-
ardous condition. It is probably advis-
able for all personnel to be tested at
least once a year. Individuals whose
duty requires them to continue in
dangerous noise exposure areas should
have a first monitoring audiogram made
within three months after exposure,
thereafter once a year. Such repeated
tests indicate whether noise controls
and personnel protective measures are
effective. If threshold shifts are noted,
they are to be interpreted as indicating
that the controls must be altered or
that additional ear protection must be
furnished the individual. If the indi-
vidual continues to show a deterior-
ation of hearing, it may be necessary
to remove him from the job.

Practice varies with regard to the
frequencies tested in monitoring audi-




ometry. Occasionally limited frequency
audiometry is performed, involving
only 2000 and 4000 cps. In more in-
stances, full-frequency threshold tests
are administered.

Both in industry and the military
service automatic audiometry is finding
an important place. Webster (2) has
recently listed the automatic audio-
meters now in operation. The general
acceptance of this type of audiometry
is indicated by the recent approval by
the American Standards Association
and the International Standards Organ-
ization of automatic audiometers as
meeting specifications of these organi-
zations. Automatic audiometry is ap-
parently quite efficient in the initial
identification of possible hearing prob-
lems.

The use of manual audiometry is
still preferred in the clinical evaluation
of the individual’s hearing which is
part of an otological examination. Here
testing must be done which is adequate
for the detection of psychogenic in-
volvement.

Details of testing procedure and the
criteria for referral for otological exam-
ination are specified in various service
regulations. In industry it is common
practice to calculate the average loss
at the speech frequencies of 500, 1000,
and 2000 cps. If this average loss is
in excess of 15 db, the individual is
referred for a comprehensive audiolog-
ical and otological evaluation. The in-
dividual ordinarily consults his own
physician. However, if his problem
may involve compensation, he will
usually be seen by the company phy-
sician as well as by his own otologist.
Individuals seeking compensation for
noise damage should be examined in
recognized audiological centers which
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provide comprehensive pure tone and
speech audiometry as well as tests for
psychogenic deafness and malingering,
together with otological examinations.

Personnel

The military services have established
their own regulations with regard to
the selection and training of personnel
to administer hearing programs. In the
industrial setting two levels of per-
sonnel are needed for the hearing pro-
gram:

(1) Audiologic consultants of high-
level competence who bring to their
work a general background in audi-
ology as well as specific experience in
the industrial field and specific train-
ing in acoustics and certain areas of
engineering. The specialists can advise
the industry with regard to noise levels
and their control, sound treatment, and
hearing conservation.

(2) Audiometrists who are able to
do routine audiometric testing. Their
qualifications and training should be
comparable to those set forth for per-
sons handling the first two stages of
identification audiometry for school-age
persons (sece Chapter IV). It is as-
sumed that they will work under the
supervision of competent audiologists
(1).

Smaller industries may not consider it
practicable to hire a highly trained
audiologist. In some plants the practice
has been adopted of hiring a nurse or
someone else of adequate background
and intelligence who is given intensive
training in audiometry in order to con-
duct a hearing testing program under
the supervision of plant medical per-
sonnel. Where companies find it dis-
advantageous to maintain their own



44 ldentification Audiometry

personnel, hearing testing service may
be purchased. Even small industrial
plants should make use through con-
sultation of the technical services of
specialists in noise and hearing. State
departments of health, as well as other
facilities, can offer advice regarding
noise control and audiometric programs.

Testing of Other Adults

At present comprehensive programs
for the hearing testing of adults not in
industry or the military service are
all too scarce. It is strongly recom-
mended that community groups and
agencies initiate programs for the gen-
eral adult population. Such programs
seem logically to fall within the area
of supervision of state health depart-
ments. Representatives of agencies in
a community which are concerned with
problems of hearing loss may find it
advantageous to form local hearing con-
servation committees to explore com-
munity needs and resources. Voluntary
programs can be set up so that any
adult can easily find out within his
own or a nearby community whether
he has a hearing problem. Each adult
should have his hearing tested at least
once every five to ten years.

Procedures to be followed in pro-
grams of identification audiometry for
adults could well be practical adapta-
tions of the types of programs for
school-age children outlined in Chap-
ters IIl and I'V. Recommendations made
in those chapters with regard to type

of audiometry, screening levels, fre-
quencies to be tested, personnel choice
and selection, testing environment, and
equipment apply equally to programs
established for the testing of adults.

Summary

A full-frequency threshold preplace-
ment audiogram, accomplished through
either group or individual testing, with
automatic or manually operated equip-
ment, is needed as an individual joins
an industrial establishment or the mil-
itary service. Subsequent monitoring
audiograms should be obtained at least
annually, particularly when a person’s
duty is in dangerous noise exposure
areas.

Military services prescribe procedures
for personnel selection and training. In
industrial programs both audiological
consultants and audiometrists to do
routine audiometric testing under su-
pervision are needed.

Programs of identification audio-
metry for other adults logically fall
within the area of supervision of local
and state health departments. Each adult
should have his hearing tested at least
once every five to ten years.
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Appendix A

Laws and Regulations in Identification Audiometry:

Directions and Trends

DON A. HARRINGTON

I have been asked to talk about laws and
regulations pertaining to the screening
tests of hearing function and to com-
ment with reference to directions and
trends in state legislation. Because the
scope of this topic is a full spectrum
including school audiometry, industrial
audiometry, and military audiometry,
I hope the preplanning committee will
agree with my decision to select from
this spectrum as my contribution a con-
sideration of the one aspect of hearing
screening tests for children. I have
limited myself, therefore, to an investi-
gation of the laws and regulations
pertinent to just this one area.

An early study, which you may
know, was a compilation in 1943 by the
Legislative Reference Librarian of the
Library of Congress entitled ‘A Digest
of State Laws Affecting the Hard of
Hearing and the Deaf.” This compila-
tion was published as House Document
No. 154, 78th Congress, Ist session. An
inspection of the laws cited in this 1943
publication shows that 13 states had
laws requiring a general physical
examination of school-age children,
which could lead to an early discovery

Don A. Harrington (Ph.D., Louisiana State
University, 1950) is Consultant, Speech and
Hearing, Division of Health Services, Chil-
dren’s Bureau, Department of Health, Edu-
cation, and Welfare.
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of hearing problems, and 20 states had
laws which mention specifically the
testing of hearing or the examination of
the ear.

As I began this study of the present
laws, I was fortunate in having as a
starting point a questionnaire which had
been sent out to the departments of
health and the departments of public
Instruction in each of the states, in-
quiring whether the state had a com-
pulsory law for the testing of hearing.
The questionnaire had been sent out
by Dr. Raymond Summers while he
was employed by the Maternal and
Child Health Division of the Indiana
State Board of Health. Dr. Summers is
now the consultant in speech and hear-
ing in the Office of Vocational Rehabili-
tation, Department of Health, Educa-
tion, and Welfare, and he has kindly
made the questionnaire available to me.

Present State Laws

From a tabulation of the answers to
this question, 25 states appeared to have
such a law. Using this information as a
guideline, a careful study of the legal
codes of each of the states was made.
Of the 25 states which responded that
they did have a hearing testing law,
only 18 proved, upon inspection of the
codes, to have a law which mentioned
specifically testing the function of
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hearing. The other seven states which
responded affirmatively to the question-
naire had general health laws which
apparently had been interpreted to in-
clude the testing of hearing. Additional-
ly, the codes of all other states were
examined to ascertain the nature of their
provisions for the testing of hearing.

Our search in the codes shows that
16 states have school health laws re-
quiring a general physical examination,
which by our layman’s interpretation
could include the testing of hearing—
and apparently does in some states, as
later information about programs will
show. This inspection of the codes and
the supplements to the codes revealed
that a total of 22 states have laws which
specifically require hearing testing.
Two states have repealed their laws
which had been specific, substituting
the requirement of a general physical
examination. Whether the laws were
permissive or mandatory was judged on
the basis of the use of the words shall
for mandatory and may for permissive.
In only six of the 22 states were the
laws judged to be permissive as distinct
from mandatory.

Further general information about
the laws which might be of interest is
that in 35 states the administrative
responsibility for health examinations,
including hearing testing, was placed
with the departments of public instruc-
tion. In 16 instances the department of
health was charged with setting up or
approving the criteria and standards to
be used in the testing or health examina-
tions. Since the testing program is aimed
at the school-age child, it is natural
that the responsibility be assigned to
the department of public instruction.
Likewise, since hearing testing is a

health appraisal problem, it is natural
that many states provide in their laws
for the joint responsibility of the health
and education agencies. In this respect,
it is interesting to note the joint state-
ment of policy from the Council of
Chief School Officers and the State and
Territorial Health Officers. This policy
statement, first issued in 1951, was re-
printed in 1959. Among the many
policy statements made were these,
which seem to be representative of the
tone of the report:

This (basic) principle is that, although
statutes, ordinances, and regulations are
necessary to define minimum standards for
school health and although legal enforce-
ment must occasionally follow violations
in extreme cases, chief reliance for effec-
tive programs of school health services
cannot rest merely on legal provisions and
their enforcement. The keynotes are co-
operation, leadership, and the united will
to exceed all legally required minimum
standards. Legal enforcement is necessary
only in the cases where cooperation and
leadership have failed. Such cases should
be and can be rare.

School health services should be planned
jointly by departments of education and
health with other representatives of the
medical, dental, nursing, and education
professions, voluntary agencies, and other
groups that have a continuing interest in
the health of school-age children.

Does it make a difference which
agency, education or health, is charged
with the responsibility for the program
of testing hearing? In Ohio the Hearing
and Visual Unit of the Division of Child
Hygiene participated in a study, not
published, in which this question was
asked. The criteria used were the num-
ber who proceeded to complete the
follow-up procedure. The study states
that essentially there is no difference;
by these criteria, between -programs
conducted by the health department




and programs conducted by the educa-
tion department. The study suggested
that there were more differences be-
tween local programs in either category
than there were differences between the
two main categories of program respon-
sibility.

The fact that a state has no law
specifically requiring hearing testing is
not necessarily indicative of the extent
of the state’s program. Many states,
without specific legislation, promulgate
recommendations and regulations with
respect to hearing testing. I am assum-
ing, of course, that you will keep in
mind the traditional pattern of local
responsibility both in the education and
in the health departments. It is not pos-
sible, therefore, to compare laws against
programs from state to state to deter-
mine the kind of state law which results
in a good program. Nor can we com-
pare state legislation against the regula-
tions and expect to make judgments
about the actual testing which is, after
all, a local activity in all but two states.
Qur concern must be with the state-
wide recommendations and guidelines
emanating from state leadership.

The elements in the laws and regula-
tions which warrant our attention con-
cern first, the periodicity of the tests;
second, the criteria used in screening;
and third and fourth, the practices with
respect to follow-up and personnel.
Data in addition to those in the codes
were sought from the states by inviting
them to forward copies of their latest
regulations or publications with respect
to hearing testing. Information was
received from most of the states, and
for the others, the data in our files
which still seemed timely were used to
contribute to this study.
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Periodicity of Hearing Tests

The first question posed concerned
the periodicity of the hearing tests.
How often are they conducted? Does
the state law require annual tests? How
do the regulations interpret the law?

The question of deciding what is the
best periodicity for hearing screening
tests can be related to the question of
deciding the periodicity of medical
examinations and health appraisals. Not
everyone is in agreement regarding
such examinations. On the one hand,
there are those who feel that the result
in terms of referrals does not justify
the time and expense involved. They
point out that many of the conditions
discovered are already receiving care,
or are already known to the school and
to the parents, or are conditions which
could be determined easily by teacher
observation or by investigation into the
reason for pupil absenteeism. Persons
who raise such objections do not neces-
sarily advocate doing away with the
periodic physical examination, but in-
stead may suggest that it become more
than a screening examination, that it
become a complete and thorough ap-
praisal of selected children.

On the other hand, those who sup-
port periodic physical examinations of
all children feel that such procedures
insure that every child will have the
benefit of a health appraisal, that earlier
identification of a problem is possible
(hopefully, before it has progressed
to an obvious and severe stage), that
such examinations provide the school
with information upon which to make
educational adjustments for the child,
and that such examinations provide the
opportunity for health education and
guidance which will encourage the con-
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cepts of preventive medicine and the
seeking of early preventive medical
care.

Hearing testing is an integral part of
health appraisals, but although the usual
arguments advanced concerning physi-
cal examinations are pertinent, they
are not entirely applicable. For instance,
the expense argument is usually raised
in terms of the cost of the physician,
whereas hearing testing may use lay
persons and a minimum of trained spe-
cialists. Further, dependence on teacher
referral for selection of those with
hearing problems appears to be an in-
adequate technique for finding those
who have difficulties in the ability to
discriminate.

Although the consensus is that hear-
ing should be tested annually, this is
rarely done in practice. The National
Committee on School Health Policies
(Suggested School Health Policies, 3d
ed., 1958, published and distributed by
the Joint Committee on Health Prob-
lems in Education of the NEA and the
AMA) states as follows:

Hearing tests should be given annually in
elementary schools and every two years
in secondary schools, preferably with
a pure-tone (discrete frequency) audio-
meter. Teachers, nurses, or technicians with
special preparation should give audiometer
tests.

Although 14 state Jaws require an-
nual tests, very few states recommend
in their regulations the annual testing
of all children. Few interpret annual
literally to mean all children in all
grades from K-12 every year. Some
state laws stipulate precisely the
periodicity of the test: Connecticut law
says ‘every three years’; Indiana law
requires testing grades 1, 4, 7, and 10;
Maryland’s law requires biennial tests;

and Vermont’s law stipulates grades 1,
2a 3a 5’ 61 and 9.

Of the 39 states whose regulations
were published, 36 included recommen-
dations relative to the periodicity of the
tests. Most of these states recommend a
system of testing the alternate grades
each year, so that each child would be
tested, not annually, but every second
or third year. The most typical pattern
was to test grades K, 1, 3, and 5, plus,
in some cases, 7, 9, and, in other cases,
7, 9, and 11. Only a few states recom-
mended beginning in the second grade
rather than in the first.

The patterns are too varied for many
generalizations, but it is evident that
the majority of the programs emphasize
the testing of early school-age children
with less emphasis on the testing of
the high school student. At least two
states are conducting pilot projects for
testing the hearing of preschool chil-
dren. However, none of the state laws
and regulations referred to hearing
screening at this early age. Almost all
of the states provided in their regula-
tions that all children who showed
evidence of a hearing problem should
be tested regardless of whether they
were regularly scheduled for the
screening test.

In summary, the question of how
frequently the hearing screening test
should be conducted cannot be an-
swered from an inspection of the laws
for only 14 state laws which require
hearing testing stipulate anmnual tests
and one biennial tests; three are specific
in terms of grades to be tested; and two
require the tests to be periodic. Further-
more, no definitive answer is available
from the regulations. An inference can
be drawn that state leadership is strong-
ly in favor of annual testing but has




compromised for expediency by a sys-
tem of testing alternate grades, plus
testing those children who appear to
have a hearing problem.

Criteria Used

The next major problem for our at-
tention concerns the recommendations
at the state level of the criteria to be
used in making a referral for further
hearing examinations. Thirty-nine states’
publications were used in drawing
together the following material and in-
ferences. It would not be wvalid, of
course, to assume that only these 39
states had hearing screening programs
carried on at the local level. Many
states apparently have not published
their recommendations and regulations.

The first question is, ‘Do the state
laws make a specific statement with
reference to criteria?’ Let me expand
the usual definition of criterion to in-
clude the reference to the instrument
by which the measurement is made. In
California, Indiana, Michigan, New
York, and Pennsylvania the law spells
out that an audiometer shall be used.
California law specifies that the audio-
meter must be approved by the Council
on Physical Medicine and Rehabilita-
tion of the American Medical Associa-
tion. The appropriate law in other
states either does not refer to equip-
ment or includes a general phrase which
delegates the responsibility to ‘furnish
tests, records, forms, blanks, and other
useful and necessary appliances.” None
of the laws includes specific provisions
for such details as the ‘decibel level’
or the frequencies to be tested. Such
specifics are left to the rules and regula-
tions which the laws stipulate shall be
prescribed by an appropriate depart-
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ment, that is, in 16 states, the depart-
ment of health.

There is considerable uniformity
from one state regulation to the next
on the criterion of ‘decibel level. Ac-
cording to the 39 state publications, 20
states used 15 db as the pass-fail cri-
terion; three states used 20 db; and two
used 25 db. The publications of 14 states
did not specify a testing level.

There was uniformity, too, in the
recommendation by 26 states of the use
of the pure tone test. Ten states indi-
cated that a group test might be used,
and only three highly recommended the
group pure tone test.

One state referred to the use of the
group whisper tests, and although I
learn something new every day, this
was for me a startlingly new idea. I
was reminded of the stories of the
superficiality of physical examinations
during World War II in which the
prospective soldier approached the ex-
aminer who told him to sit in the chair.
When the man did, it was obvious that
he could hear, could see the chair, and
could move—this was evidence enough
to pass the physical.

Although the use of 15 db was uni-
formly recommended as the ‘pass-fail
level,’ there was no such agreement on
the frequencies to be used in the screen-
ing tests. One state recommended just
two: 25 db at 500 cps and 4000 cps. All
other states (21) which made any rec-
ommendations at all as to frequencies
used a variety of ranges; all used 500,
1000, 2000, and 4000 cps. Beyond that
statement, no generalizations would
hold. For the lowest frequency, 125 cps
was recommended by California, Mary-
land, North Dakota, and Montana; 250
cps was recommended by Alaska, Ar-
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kansas, Minnesota, Colorado, Georgia,
Kentucky, Massachusetts, New Mexico,
and New York; 6000 cps was omitted
by 10 states; 10 states included 8000
cps and one included 12,000 cps.

At this point we need to remind our-
selves that these figures do not indicate
what intensities and frequencies are
actually being used at the local level
but rather what has been promulgated
by the state leadership level.

These figures just mentioned pertain
to the screening tests. Criteria for re-
ferral to medical care from the thresh-
old test are quite uniformly agreed
upon. Most of the states used for
referral to medical care the criteria of
‘failure to hear 20 db at two or more
frequencies in one ear, or failure to
hear 30 db at one frequency, or evi-
dence of pathology of the ear.

In summary, then, we can say that
the laws do not specify the kind of
instrument, but the regulations tend
to favor the use of a pure tone audio-
meter. The magic figure at which the
dial is to be set is 15 db, but states
do not agree on the range of fre-
quencies which should be used in a
screening test, even though (with one
exception) they all do use 500, 1000,
2000, and 4000 cps. Very few publica-
tions included recommendations based
on the use of ‘db level criteria’ for
social or educational adjustments (such
as that a 25 db loss warrants lip reading
instruction and that a 30-35 db loss
warrants the use of a hearing aid).

Follow-Up

The third category of information
which seems pertinent concerns the
practices with respect to follow-up.
Almost every state law which required

hearing testing provided that the re-
sults of the hearing test be reported to
the parents. As we know, health educa-
tors recommend that the parents be
informed by means of a face-to-face
conference in order to motivate the
parents to follow through with medical
care. Some of the laws indicated that
reports should be sent to the appro-
priate responsible departments.

In the regulations five states sug-
gested that the nurse refer the child
to an ‘otologist’ and an equal number
suggested referral to a ‘physician.’
Seven states recommend referral to
otological clinics, with the implication
that such otological service is provided
by the state for those who cannot
afford it. Record keeping and motiva-
tion in the follow-up procedures are
usually spelled out as the responsibility
of the nurse and the teacher. The
regulations sometimes indicated that
the speech clinician should be respon- -
sible for testing those children who
had speech problems.

Personnel

A fourth facet to the problem of
hearing testing is the personnel in-
volved. What persons actually do the
testing? How are they trained? Who
is responsible for this training function?
In 14 states the law mentioned the use
of a physician, although never in a
mandatory sense. California is the only
state which specified in its law that
the testing must be done by an audio-
metrist who has a certificate from the
health department or a credential from
the education department. The laws of
13 states made it the responsibility of
the teachers to test the hearing of their

pupils.




The regulations are more explicit, of
course, with respect to the personnel
involved; there are provisions in at
least 13 states that lay workers (vol-
unteers) can be used to do the screen-
ing testing. In all of these states the
regulations suggest that the volunteers
should be given training by nurses, by
health department specialists, or by
audiologists in the departments respon-
sible for the testing. Personnel at the
screening level generally have a mini-
mum of training; some have had short
inservice courses, some have had a
course or two in audiometry. Some of
the health departments maintain a reg-
ular program of scholarships for send-
ing lay persons to intensive training
courses. The technician for the thresh-
old testing is generally required by the
regulations to be a more thoroughly
trained person. Nurses are often
designated, as are specially trained
teachers in those schools where no
audiometrist is provided or where the
state has an inadequate number of
audiologists.

The consultant personnel at the state
level responsible for hearing testing are
in the health departments in 24 states,
in the special education divisions in 9
states, in the school health division in
one state, and in the crippled children’s
service in education in one state. Per-
sonnel employed at the state level must
meet state merit system qualifications if
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those states participate in the federal
grants-in-aid. The merit system require-
ments attempt to insure adequate pro-
fessional qualification.

Even in those states in which lay
persons who do the hearing tests receive
training there are seldom formal re-
quirements for the volunteers. The
personnel who do the threshold tests,
however, are required by most regula-
tions, and by implication, to be more
qualified, although only a few states
spell out what constitutes adequate
training.

Summary

There was not enough evidence in
the laws or in the regulations of the
states to justify reporting on a ‘trend’
or direction. One notes that there has
not been a sharp growth in the number
of states which have this kind of
legislation. However, an increasing
number of states are publishing their
recommendations. Some states have
more flexibility than others in their
laws and regulations.

Undoubtedly as professional guidance
is extended to the local programs with
information based on the kind of de-
cisions and recommendations you will
make here, sound programs can be
promoted without much concern that
there will be barriers set up by laws
and regulations.
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Hearing Levels in Children

and Implications for Identification Audiometry

ELDON L. EAGLES

Since October, 1956, the American
Academy of Ophthalmology and Oto-
laryngology, through its Subcommit-
tee on Hearing in Children of the
Committee on Conservation of Hearing,
has been concerned with a long-term
nadonwide study of hearing problems
in children. An initial study is being
conducted in Pittsburgh, through the
cooperation of the Subcommittee with
the Maternal and Child Health Section
of the University of Pittsburgh’s Grad-
uate School of Public Health, to evalu-
ate methods for the testing of hearing
in children in order to decide which
methods are more efficient and econom-
ical in terms of time and manpower; to
evaluate and define medical signs and
symptoms which may indicate danger
of hearing impairment; and to consider
the psychological, social, and other ef-
fects of such impairment. A significant
outcome of this study will be the de-
velopment of the methods and tech-
niques for the Subcommittee’s national
studies.

Eldon L. Eagles (M. D., C. M., Dalhousie
University, 1936; Dr. P. H., Johns Hopkins
University, 1958) is Associate Research Pro-
fessor of Maternal and Child Health, Gradu-
ate School of Public Health, University of
Pitesburgh; Executive Director, Subcommit-
tee on Hearing in Children, Committee on
Conservation of Hearing, American Academy
of Ophthalmology and Otolaryngology; and
Director, Study of Hearing in Children.
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Subijects

The study in Pittsburgh, which is
planned for a five-year period, is be-
ing conducted on a population of ap-
proximately 5000 children ranging in
age from 3 to 15 years. The school-
aged children form 97.5% of the
enrollment of the four elementary
schools in which the study is being
conducted. These schools were chosen
to be representative, as a group, of the
general Pittsburgh public school pop-
ulation. Preschool-aged children are
those who will eventually attend the
four schools.

Individual air-conduction hearing
thresholds are being determined and
otological examinations made on the
children at varying intervals. Medical
histories are being obtained. The rela-
tionships among otological findings,
medical histories, air conduction hear-
ing thresholds, and academic achieve-
ment and other aspects of child
development are being studied.

This paper presents preliminary find-
ings dealing with hearing levels found
in the study and some of the factors
which influenced these levels. The im-
plications of these findings with respect
to identification audiometry will be
discussed.

The definition of an otologically
‘normal’ child used is a child who,
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within seven days of a reliable hearing
level determination, was examined by
one of three study otolaryngologists
at the school test site and reported not
to exhibit any of the following physical
signs in either ear:

a. congenital malformation of the
pinna, auditory canal, or tympanic
membrane;

b. operative scar, adenopathy, or
fisrula in the auricular region;

. occlusion of the auditory canal
resulting in less than satisfactory visi-
bility of the tympanic membrane;

d. abnormal coloration, increased
vascularization, bulging, retraction,
scarring, impaired mobility, or perfora-
tion of the tympanic membrane;

¢. calcium plaques on the tympanic
membrane;

f. discharge from the middle ear;

g. cholesteatoma; or

h. tumor of the middle ear.

Of the 3019 children who had con-
current otolaryngological examinations
and a reliable hearing level determina-
tion during the first study year, 2175
were judged to be otologically normal,
457 were found with physical abnor-
malities of the ear, and 387 had occlu-
sion of one or both auditory canals
by cerumen. The term ‘reliable,” used
in respect to hearing level determina-
tions, means ‘repeatable.’

With respect to the group with ab-
normal otological findings, no attempt
was made at this time to fit the children
into diagnostic categories. These chil-
dren include those with both active and
inactive pathological conditions. It was
found that the following physical ab-
normalities are associated with higher
or less sensitive hearing levels:

a. abnormal coloration, increased
vascularization, bulging, retraction,
scarring, impaired mobility, and per-
foration of the tympanic membrane;

b. calcium plaques on the tympanic
membrane; and

c. discharge from the middle ear.

The differences in mean hearing
levels of children with and without
these individual abnormalities differ
somewhat with the particular finding
but generally speaking range between
four and 15 db.

It should be noted that the children
with abnormal physical findings were
in regular attendance at school at the
time physical examinations were made.

The children classed as ‘normal’
otologically are fairly evenly distrib-
uted by age and sex between five and
14 years of age and were examined
between June 1, 1958, and June 30,
1959. Children were examined through-
out this period, including those seasons
when respiratory infections become
epidemic and those in which allergic
conditions are more common. All chil-
dren were untrained, but cooperative,
listeners.

The numbers of children aged three
and four years who were examined
during the above period were small
because work was concentrated on the
school-aged study population. Several
hundred children aged three and four
years were added to the study and
examined in July and August, 1959,
following the period for which data
are being presented. Reliable hearing
level determinations have been obtained
on over 96% of children tested of all
ages, including those in the three- and
four-year-old groups.
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Testing Procedures

Hearing levels were determined in
specially constructed audiometric test
rooms placed in quiet locations in the
four schools cooperating in the study.
These rooms provided sufficient at-
tenuation of ambient noise, as shown
by acoustic surveys, to allow hearing
level determinations to be made without
masking at the low levels at which
many children hear.

Commercial audiometers were modi-
fied to allow testing with linearity to
a level of at least 30 db below the
American Standard audiometric zero
and were equipped with Western Elec-
tric 705A earphones. Audiometers were

calibrated first at weekly and later at
monthly intervals and were kept within
the American Standard Specification at
all times while in use. Necessary cor-
rections were made for the following
factors: the variation in sound pressure
output from audiometer to audiometer
within allowable limits, deviations in
attenuator linearity at various intensity
levels, and a statistical adjustment to
allow for the distribution of thresholds
within the 5 db attenuator steps. The
statistical adjustment was made because
hearing levels are determined in rela-
tively gross 5 db steps. Thus, an
individual who hears a particular fre-
quency at 10 db and who does not
hear at 5 db is recorded as having a

TarLE 1. Mean and median hearing levels and standard deviations for children in otologically
normal and abnormal populations tested between June, 1958, and June, 1959, each frequency
by ear. Hearing levels are given in db re audiometric zero, American Standard.

Frequency Right Ear
(cps) Mean Median Standard
Number Tested Hearing Level Hearing Level Deviation
Normal Abnormal Normal Abnormal Normal Abnormal Normal Abnolr-
ma
250 2029 412 —9.8 —5.2 —10.6 —6.9 7.7 12.2
500 2175 457 —7.2 —22 —74 —4.5 7.6 123
1000 2175 457 —53 —0.3 —5.8 —2.7 7.6 127
2000 2174 456 —44 —0.1 —4.7 —29 8.0 13.0
4000 2026 411 —3.6 +2.3 —4.1 —14 9.2 15.2
6000 2040 420 —1.8 +4.4 —3.0 +0.7 10.1 15.5
8000 2017 407 —3.0 +34 —39 0.0 11.0 17.8
Frequency Left Ear
(cps) Mean Median Standard
Number Tested Hearing Level Hearing Level Deviation
Normal Abnormal Normal Abnormal  Normal Abnormal Normal Abnolr-
ma
250 2029 413 —10.6 —6.8 —I11.1 —8.9 7.1 10.7
500 2175 457 —74 —3.0 —7.8 —4.8 7.3 114
1000 2175 457 —5.2 —0.2 —56 —2.8 74 12.7
2000 2173 456 —4.5 —0.7 —4.8 —2.8 8.2 12.6
4000 2026 410 —3.1 +1.2 -—3.7 —2.2 9.1 14.0
6000 2040 419 —14 +3.7 —24 +0.7 103 15.7
8000 2018 406 —3.0 +3.0 —3.8 —0.5 11.1 16.7
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threshold of 10 db, but he may actually
be able to hear at the 6, 7, 8, or 9 db
level. If it is assumed that of all indi-
viduals with hearing levels recorded as
10 db, an equal number begin to hear
at each point between 5 and 10 db,
then the whole group, although re-
corded as having a hearing level of 10
db, actually has an average hearing
level of 7.5 db. Thus the hearing levels,
as determined in 5 db steps, may
underestimate the hearing levels for
the group by 2.5 db. Because of this,
it was felt that the hearing levels could
be made more exact, although still
approximate, by subtracting 2.5 db
from each hearing level determination.

The data presented are available in
sound pressure levels but, for the pur-
poses of this publication it seems logical
to present the data relative to the
currently employed American Standard
sudiometric zero.

Results

The mean and median hearing levels
and the standard deviations for the
groups of otologically normal and ab-
normal children are shown in Table 1.
The mean hearing levels in the abnor-
mal group are higher, or less sensitive,
rhan those in the normal group, the
differences varying by frequency and
ranging from 4 to 6 db. The median
hearing levels also range from 4 to 6
db. The median hearing levels are also
higher in the abnormal group than in
normal children, but the differences in
this instance range from 2 to 4 db.

The greater differences between the
means of the two groups of children
as compared to the smaller differences
between the medians is due to the fact
that the numbers of children with more

extreme degrees of less sensitive hearing
influence the means more than the
medians, The fact that both mean and
median values for the otologically ab-
normal group are higher or less sensitive
than the otologically normal is due
to the larger number of children with
less sensitive hearing in the abnormal
group.

The standard deviations of both
groups of children become larger as
the frequencies increase. It is felt that
this increase is due to the greater
variability of response to pure tones
at the higher frequencies.

The wider ranges of hearing levels
in the otologically abnormal children
are reflected in the larger standard
deviations for this group. The ranges
of hearing levels by ear and frequency,
for both normal and abnormal groups
of children, are represented graphically
in Figure 1 as selected percentiles of
the distribution of hearing levels about
the medians.

The details of the percentage dis-
tribution at various hearing levels for
the normal children are shown in
Table 2. Similar information appears
in Table 3 for children with otological
abnormalities. In the normal population
92% of children have hearing levels
below audiometric zero at 250 cps. This
percentage falls progressively as fre-
quencies increase, until at 8000 cps 65 %
of the normal children have hearing
levels below audiometric zero. In the
abnormal children 80% have hearing
levels below the American Standard
audiometric zero at 250 cps. This per-
centage also decreases as frequencies
increase until at 8000 cps approximately
50% have hearing levels below, or more
sensitive than, audiometric zero.

It is of interest that the percentage
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sensitive than 15 db above audiometric
zero in the speech range.

The distribution of hearing levels
by age in the otologically normal chil-
dren is illustrated in Figure 2. This
distribution shows a trend of increasing
sensitivity from five years of age to
the greatest hearing sensitivity in chil-
dren who were 12 and 13 years at the
time their hearing level was determined,
followed by a decrease in sensitivity
at ages 14 and 15. The reasons for this
trend are not fully understood at this
stage of the analysis of the data and
will be sought as the study progresses.
It has been suggested, however, that
part of the increased sensitivity with
age may be explained on the basis of the
behavior of the child. Another sug-
gestion has been that at low frequencies,
where this trend is most marked, the
fit of the earphone is critical and that
in younger children earphone leaks
may be greater due to the shape of their
skulls. It is felt, however, that the ear-
phone leak is only roughly correlated
to head size. No explanation is offered
at this time for the drop in sensitivity
following the peak at ages 12 and 13.

When the hearing levels in the
otologically normal group are dis-
tributed by sex, it is found that at 11
and 12 years of age females show more
sensitive hearing levels at all frequencies
than males and, in the groups younger
than these, the levels are similar for
both sexes. Females show their most
sensitive hearing levels at 12 years of
age while males show peak sensitivity
later, at age 13.

As stated previously, the data pre-
sented in this paper are preliminary
findings. The analysis of data is pro-
ceeding and will be reported elsewhere.
Certain additional findings, however,

may be described briefly. For example,
those children who have had two re-
liable hearing level determinations have
significantly lower hearing levels on
the second test. No significant differ-
ences in hearing levels are found
between right and left ears on a group
basis. The differences between hearing
levels of white and non-white children
do not appear to be significant. Mean
hearing levels show variation by month,
being somewhat higher in those months
in which respiratory infection and al-
lergic reactions are more common.

Discussion

At the time of their hearing level
determinations and otoscopic examina-
tions the study children were in at-
tendance at school and functioning
as children without known illness; they
had no work experience and pre-
sumably no undue exposure to noise.
This study differs from a number of
comparable studies in that the popula-
tion was unselected, of a younger
age-group, and composed of untrained
listeners. Testing was carried out
throughout the entire year and special
attention was paid to equipment and
procedures.

A norm on reference hearing level
has not yet been established for chil-
dren in this study. It will be established
after the investigation of as many as
possible of the factors which may
influence this reference level. The data
presented, however, clearly indicate
that this norm is significantly lower
than the reference level currently in
use.

The implication of findings of this
study with respect to identification
audiometry should be considered in
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relation to desired goals. If the goal is
to identify children with a hearing
problem which is functionally handi-
capping, the implications will differ
from the situation in which the objec-
tive is to locate children with a medical
or health problem. The goals dictate
the details of practices, procedures, and
personnel to be used in identification
audiometry.

Screening levels currently employed
in audiometry at 15 and 20 db above
audiometric zero, and sometimes higher,
appear to be determined partially by
recognized existing noise levels in typi-
cal school situations. The screening
level of 15 db has been generally
recommended because it appeared to
be the lowest that might be realistically
achieved. Since it is now clear that the
hearing levels of children are signif-
icantly lower than has been assumed,
the result has been that many school
audiometric programs may have meas-
ured the ambient noise levels, when
attempting  threshold measurement,
rather than the hearing levels of the
children. If this is the case, these
programs have grossly underestimated
the hearing sensitiyity of the children
tested.

It is admitted that identification
audiometry as now practiced locates
many children with functional handi-
caps. Is it important, then, to consider
the hearing levels of children below a
handicapping level, whatever this may
be? It is felt that it is of prime impor-
tance to realize the low levels at which
most children hear and that a child can
have a great decrease in hearing sensi-
tivity or threshold shift, indicative of
underlying pathology, without the de-
crease being detected by present iden-
tification audiometry. If we are to

detect the child with decreasing hearing
sensitivity, and thus be in a better
position to prevent hearing loss and
conserve hearing, we must have a
baseline from which to measure a de-
crease in sensitivity and we must not be
satisfied with identifying that child
only when a hearing loss becomes
handicapping.

Reference is made to a hearing loss
which becomes a handicap. In this
connection, a definition is needed for
a screening level for children with
hearing handicaps. Clinically we may
be able to define the extremes of ‘handi-
capping,’ but between these extremes
an area exists in which it is difficult
to make decisions as to what consti-
tutes ‘handicapping.’ In this area there
may be a significant deviation from the
norm which is handicapping to one
child and not to another. The problem
of handicapping hearing loss needs
further serious study and clarification.

Audiometric screening methods used
to detect handicapping hearing loss are
also being used currently for health
screening purposes. The data from this
study show that screening audiometry
for handicapping hearing loss uncovers
only a small percentage of children
with demonstrable otoscopic abnormal-
ities. The missed cases will include
both active and inactive pathological
conditions. Active pathological condi-
tions need treatment, and once the
condition has become inactive, medical
supervision and guidance are still needed
in varying degree and for different
periods of time. Audiometry, as one
of the methods of identifying ear
problems needing medical attention, has
stringent demands put upon it in respect
to acoustic environment, equipment,
and personnel.
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The acoustic environment which
must be attained if hearing levels are
to be determined at low levels with
accuracy has been specified (7). From
experience gained in our study and
from other sources it is known that
many commercially available audio-
meters do not measure hearing levels
with accuracy at the low levels at
which children hear. It was learned that
audiometers can be modified to correct
this defect in linearity and that it js
possible for audiometers to meet the
American Standard Specification.

The goals desired for identification
audiometry will dictate the procedures
needed for their attainment. An initial
decision must be made with respect
to the goals, and then a subsequent
decision made as to whether the pro-
cedures are feasible and practical. If
any compromise is to be made, the
limitations imposed upon the identi-
fication method should be clearly un-
derstood.
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Appendix C

Steps toward an International Audiometric Zero

J. DONALD HARRIS

At this moment the question is being
discussed in many laboratories and
clinics in many countries as to what
should be the definition of ‘normal hear-
ing” Many conditions have to be
specified in this definition, for example,
the selection of subjects, the frequencies
to be considered, the exact psychomet-
ric method of determining an individ-
ual’'s absolute threshold at any
frequency, the statistics used to denote
central tendencies, and the equipment
used, including the calibration of that
equipment,

A committee of otologists, audiol-
ogists, physicists, psychologists, elec-
trical engineers, and manufacturers’
representatives appointed by the
American Standards Association (ASA)
is now completing an exhaustive re-
vision of the ASA specifications for
audiometers of all types, and the Inter-
national Standards Organization (ISO)
is also in the last stages of a draft on
the same subject. Much of this material
will modify in minor ways, if at all,
the specification now extant (9).

However, one rather serious dis-
crepancy exists, between the sound
pressure levels (SPLs) for audiometric
zero (‘0’) as now stated by existing

J. Donald Harris (Ph.D., University of
Rochester, 1942) is Head, Auditory Research
Branch, U. S. Naval Medical Research Lab-
oratory, Submarine Base, Groton, Connecti-
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ASA specifications and the SPLs being
strongly recommended by current
drafts circulating within the ASA and
ISO committees. Inasmuch as the new
suggested ‘0’ would have the effect of
adding about a 10-decibel hearing loss
to all audiograms in this country, a
rather extensive discussion should be
had before final voting action is taken,
and all affected groups should be
presented with some of the facts and
reasoning behind this rather drastic
recommendation. It is the purpose of
these remarks to review briefly the
history, and probable future status, of
the SPLs specified as ‘0 Hearing Loss’
on American audiometers.

‘Normal Threshold

As soon as audiometers were invented
in the early 1920’s the question arose:
‘What is normal threshold?’ The ques-
tion was answered by the manufacturer
in each case: a group of people stated
to have normal hearing by an otologist
was simply run on the instrument, at a
wide selection of frequencies, and the
modal threshold value was fixed as ‘0’
on the hearing loss dial at each fre-
quency.

In 1938 the U. S. Public Service re-
leased bulletins (2), summarizing a
large number of audiograms taken at
many points over the country, using 17
Western Electric Model 2A audio-
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meters and 31 audiometrists. Certain
data were averaged from both ears of
1242 persons, aged eight to 76 years,
normal by clinical examination, with
history of no loss for speech in either
ear, and whose air conduction audio-
grams for both ears did not exceed a
variation of 20 db. The mean thresholds
for these 2484 ears were stated in terms
of voltage delivered to the Type 552
earphone.

Shortly after this information was
available, a much improved earphone
was produced, the W.E. Type 705A.
Three of the most stable phones of this
type were compared at the National
Bureau of Standards with the Type 552
units, by loudness balancing using six
observers and three loudnesses (thresh-
old, 20 db, and 40 db over threshold).
The voltages at the 705A terminals
were thus found which produced the
equivalent threshold SPL of the Type
552 phones.

The development of the Type 9A
6cc brass coupler at NBS provided a
way to pass from earphone voltage as
a standard, to acoustic output in a
standard cavity the volume of which
has an impedance approximately equal
to the equivalent volume of the ear.
This includes the volume behind the
tympanic membrane. The 705A ear-
phone is placed at one end of the
cylindrical cavity, and a sensitive mi-
crophone, the W.E. 605AA, calibrated
in dynes/cm?, is placed at the other
end. Proper acoustic seals and pre-
cautions against vibration are main-
tained. Threshold voltage is then
applied to the terminals (or usually 60
db above threshold voltage), and the
SPL in the cavity is read with the
microphone. By this technique the NBS

is able to state ‘normal hearing’ as the
acuity of an observer whose threshold
is reached when the acoustic output of
the W.E. 705A phone is such as to
produce the following SPL in the 9A
coupler:

CPS SPL in db re
0002 dyne/cm’

125 54.5
250 39.6
500 24.8
1000 16.7
2000 17.0
4000 15.1
8000 209

Note: Original data were at octaves of
128 cps; data for octaves of 125 cps
were obtained by graphic interpola-
tion.

The great advantage of this standard
is that a laboratory or clinic need not
actually have on hand one of the three
standard 705 A earphones, now reposited
at the NBS, with which to compare its
own equipment, but can utilize a 9A
coupler to transfer standards to its own
705A phone, and thence, by loudness-
balancing, to any other earphone, or
earphone-cushion  combination, for
which the 9A coupler is appropriate.

All audiometers now used in stand-
ardized audiometry in this country use
earphone-cushion combinations for
which the SPLs have been adjusted,
by loudness balancing, to equivglence
with the mean of the hearing of 1242
persons in the USPHS study of 1938.

Reasons for Dissatisfaction

From the very first, however, some
dissatisfaction was felt with the USPHS
norms. Bunch (3), for example, with
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probably the most extensive clinical
experience in the country, set his own
‘normal’ at intensities up to 10 db
fainter than the present standard at the
higher frequencies. It is well known
that the average hearing of those in the
age group 20-29, tested at the 1939 New
York World’s Fair (10) was, at 3520
and 7040 cps, up to 10 db better than
the same age group tested by the
USPHS—even though the World’s Fair
study included some ears known to be
seriously defective. Luscher and Zwis-
locki (&) stated that their American
audiometers yielded values, on sup-
posedly normal-hearing individuals, of
10 and 15 db fainter than our American
standard.

The problem was brought to atten-
tion, and a call for international agree-
ment put forth, by Dadson and King
(5), who examined 99 otologically nor-
mal men 18-25 years old. Their data,
purporting to compare their thresholds
with those of the ASA specification for
audiometric ‘0, seemed to them at first
look to show the American audiometer
to be too loud by more than 20 db at
some frequencies.

There is now no doubt that the Brit-
ish thresholds are fainter than the
American standards, but the diver-
gences are now understood to be much
less than the 20-25 db originally re-
ported. In the first place, the large dis-
crepancies were founded on probe tube
measurements of SPLs at the entrance
to the external auditory meatus; in
such work there are still some unex-
plained differences in probe tube
microphony between laboratories. In
the second place, Dadson and King
slightly misread the ASA specifications:
they assumed that the ‘0’ in these speci-

fications was based upon a sample of
342 men, aged 20-29, clinically normal
and with normal hearing for speech;
but audiometric data did not enter selec-
tion of this sample. These 342 men were
drawn, not from the 1242 individuals
on whom American ‘normal hearing’
rests, but from the much larger group
of 4662 persons with normal hearing
for speech, but not necessarily with no
audiometric variation greater than 20
db. Of this 4662, only 1242, or about
26%, could meet this additional audio-
metric requirement, and the hearing
of the 684 young men was actually
worse by 5-6 db at 4096 and 8192 cps
than that of the 1242 persons of all
ages.

It is clear that a basic population
should be unselected except that known
hearing defects should be eliminated. It
seems to the writer that there is no
especial reason why one should not
accept the definition of the 1242 persons
in the survey as unselected, if one
wishes to obtain an average for a very
wide range of age, exposure to noise,
medical history, intelligence, anxiety
in a clinic, and a whole host of other
factors which might influence threshold
data. The only difficulty was that in-
dividuals of advanced age, with a cer-
tainty of some presbycusis, were
included. Unfortunately the Public
Health report never gave the mean
thresholds for those persons aged 20-29
who formed their fraction of the total
1242 persons. If one had these figures,
the writer would look no further for
an unselected population upon which
to base audiometric zero.

Other Surveys

In the face of these uncertainties, a
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TasLe 1. Amounts (in db) by which average thresholds reported in four audiometric sur-
veys were found to be fainter than present audiometric ‘0.’ Data have been rounded to nearest

0.5 db.

CPS Surveys
Harris (7) Corso (4) Albrite (1) Glorig (6)
250 10.5 14.5 12.5 11.5
500 6.5 14.0 12.5 11.5
1000 6.0 11.0 7.5 8.0
2000 5.0 10.5 5.5 6.5
4000 —1.0 3.5 0.5 3.0
8000 8.0 120 5.5 10.5

number of steps were immediately
initiated. Harris (7), Corso (4), Al-
brite (1), and Glorig (6) published
audiometric surveys to throw additional
light on norms, while the NBS ex-
changed phones for loudness balancing
at the National Physical Laboratory
under Dadson.

The best data which should be drawn
on for the purpose are, in the writer’s
opinion, those of Glorig taken at the
1955 Wisconsin State Fair. He had
many ears tested in the most approved
fashion and used subject selection, re-
testing, and training covering the field
thoroughly. His data are certainly ex-
haustive.

To show how such data from several
laboratories agree that the current ASA
specifications are too lenient, data pre-
sented in Table 1 indicate the amount
by which the average thresholds were
fainter than present audiometric ‘0.’

It would seem clear from these four
independent surveys, on untrained
subjects, that routine audiometry can
with only 2 minimum of extra care yield
average thresholds which are fainter
by significant amounts, except perhaps
at 4000 cps, than present standard
thresholds. It would seem that the more
stringent calibration of the old Western

Electric 2A audiometer and the then
contemporary Sonotone model may
have been right after all!

A word should perhaps be said about
other surveys which have corroborated
the present zero. Data from the San
Diego County Fair (11), the 1954 Wis-
consin State Fair (6), and the New
York World’s Fair (10) all show
averages worse or at least no better
than audiometric zero. However, as in
the 1955 Wisconsin State Fair, when
only reasonable precautions are taken,
better thresholds are always forthcom-
ing.

Evidently, then, the present Ameri-
can standard is an approximately cor-
rect statement of the hearing of large
populations unselected for age, pre-
vious hearing history, etc., and with
only perfunctory audiometric indoc-
trination, but this is not to say that
these large routinely-handled popula-
tions, with undoubted hearing defects,
should serve to characterize a standard
for unimpaired hearing.

Relative Values

In the matter of setting standards, it
is necessary to balance one good
against another. To keep the present

v -
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"TaBLe 2. Comparison of present and proposed audiometric 0’s.

CPS ‘0’ in SPL Proposed ‘0’ Proposed
by ASA Shift in db
125 54.5 49.0 5.5 fainter
250 39.6 27.0 12.6 fainter
500 24.8 12,5 12.3 fainter
1000 16.7 8.0 8.7 fainter
2000 17.0 10.5 6.5 fainter
4000 15.1 11.0 4.1 fainter
8000 209 9.5 11.4 fainter

standard is to maintain the rehabilita-
tion load as we know it today; to adopt
a more stringent standard would have
the effect of earlier identification of
defects. A child with a loss of, say, 5
db at 500 cps is now thought to be
perfectly normal within limits of ex-
perimental error, but upon adoption of
the standards implied in the table above,
that child would be seen to have in
reality a loss of 15 db, and to warrant
immediate close observation. If many
children exhibited such losses, then the
workspace, or the technique, or the
equipment would be laid under sus-
picion; thus a general improvement in
audiometry would result.

In the almost unanimous opinion of
bodies now deliberating, these two
benefits outweigh rather heavily the
advantage of retaining the present
standard, which has only the effects of
condoning laxity and of deferring (at
the expense, it may be, of the patient’s
well-being) the initiation of therapy.

Once it is agreed that present stand-
ards should be changed in the direction
of greater stringency, the exact amount
of the shift must of course be deter-
mined. For this purpose it is wise to
commandeer the widest possible
thought and to utilize the data with
the greatest generality. This can only

mean that the appropriate international
body, the International Standards Or-
ganization, should be posed the prob-
lem.

Current Developments

At this time the ISO Technical Com-
mittee No. 43 considering audiometric
reference zero has just about completed
its deliberations, and drafts of standards
are being prepared for letter ballot.
Earphones have been exchanged and
directly compared by loudness balanc-
ing at standardizing laboratories in
America, England, West Germany,
France, and Russia, and the reference
zeroes for each earphone scored in
terms of SPLs in a closed acoustic
coupler. These reference zeroes as
presently proposed are derived from a
total of 13 independent threshold de-
terminations, four in the U.S.A., three
in England, two in France, one in Ger-
many, and one in Russia.

When the proposed reference zeroes
are expressed in terms of SPL generated
in a 9A coupler by a W.E. 705A ear-
phone, the proposed shift of ‘0’ on the
audiometer is seen to change by up to

12.6 db (Table 2).

These figures, with perhaps very
minor changes, will in all likelihood be
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adopted by the ISO in the coming year,
perhaps at Helsinki in June of 1961.
It then remains for national stand-
ardizing groups, such as the ASA, to
decide whether to adopt them.

There is, of course, no absolute
necessity for the ASA to adopt ISO
recommendations in detail. It would be
entirely possible for the ASA to shift
present ‘0’ by exactly 10 db at all fre-
quencies; the few dbs of violence done
to the ISO recommendations might
well be counterbalanced by the ease of
simply shifting the ‘0’ by one division
on the audiogram card.

The trend of present discussion with-
in the ASA is, however, to go along
with the final ISO decision. After a
transition period during which one
would have to specify the zero used in
reporting audiograms, the ISO SPLs
should be as easy to maintain as the
present figures, and no violence would
be done to the most accurate placement
of zero at any frequency.
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