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Preface

profession would evolve to meet the needs of children and adults with hearing and

balance disorders. Breakthroughs continue to come in all areas of audiological
diagnosis and treatment, resulting in a profession that is more exciting and rewarding
today than ever before.

Treatment is the goal of audiology, and treatment is impossible without diagnosis.
Some people have developed the erroneous opinion that audiology is all about doing
hearing tests. Surely, testing the hearing function is essential, however, it might appear
that many tests could be performed by technical personnel who lack the education re-
quired to be total hearing healthcare managers. Historically, the profession has rejected
this approach and has developed a model wherein one highly trained, self-supervised au-
diologist carries the patient and family from taking a personal history through diagnosis
and into management. Toward this end, the development of a humanistic, relationship-
centered, approach to hearing care has evolved, one in which the audiologist guides
patients and families to the highest success levels possible.

The founders of audiology could not have envisioned the many ways in which this

New to This Edition

With each new edition of this book, we strive not only to update the material to keep
content current with recent research, but also to make it more user-friendly for students.
Although a great deal of advanced material has been added, the primary target of this
book continues to be the new student in audiology. While providing an abundance of
how-to information, every effort is made to reveal to the novice that audiology can be a
rewarding and fascinating career. In this edition, a number of features have been added
or enhanced, including:

* A new chapter focusing on the diagnosis and management of balance, tinnitus,
and sound tolerance problems

® A breakdown of Check Your Understanding questions available in the eText so
that these follow each major section within each chapter rather than as a full
presentation of all questions for the chapter at the end

o A brief, instructional feedback statement has been added for each Check Your
Understanding question in the eText when the correct response is selected

e For better ease of review of key concepts, each learning outcome stated at the
beginning of the chapters is numbered to correspond with the major heading
within the chapter where that learning outcome is discussed
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Additional “Clinical Commentaries” appear throughout the text

® Four new instructional videos in the €Text edition covering probe-microphone
measures, immittance measures, hearing aids, and vestibulography

e A restructuring of material in many chapters for easier flow

Updated references to reflect the most recent research

Ul The eText Advantage

¥ Y

a8

As with the twelfth edition, Introduction to Audiology is available as an eText. Publica-
tion in an eText format allows for several advantages over a traditional print format. In
addition to greater affordability, this format provides a search function that allows the
reader to locate coverage of concepts efficiently.

A variety of Activities designed to facilitate learning are placed at the ends of chap-
ters and accessible through the eText. At the conclusion of each major heading within
chapters, readers can access interactive eText multiple-choice Check Your Understand-
ing questions to assess comprehension of key concepts. Immediate instructive feedback is
provided after each question when correct responses are identified. We believe use of the
Check Your Understanding questions and the chapter activities can increase confidence
in preparation for examinations and other challenges. In their diagnostic form, these
questions and activities can help identify points of knowledge and areas of weakness or
knowledge gaps to direct students in their review of materials.

To further enhance assimilation of new information, links to twenty-two video
clips are interspersed throughout the text and are available through the eText. These
video clips demonstrate different aspects of audiological practice. They include illustra-
tion of otoscopic technique and basic hearing test procedures, as well as more advanced
electroacoustic and electrophysiologic tests, earmold impression technique, hearing aid
assessment measures, and more.

Bold key terms are clickable and take the reader directly to the glossary definition.
Navigation to particular sections of the book is also possible by clicking on desired sec-
tions within the expanded table of contents. Sections of text may be highlighted and
reader notes can be typed onto the page for enhanced review at a later date.

It is our hope that the eText format will enrich the student’s learning experience and
further enhance the learning process. To learn more about the enhanced Pearson eText,
go to www.pearsonhighered.com/etextbooks.

How to Use This Book

Throughout this book’s history of over four decades, its editions have been used by in-
dividuals in classes ranging from introductory to advanced levels. Students who plan to
enter the professions of audiology, speech-language pathology, and education of children
with hearing impairment have used it. All of these individuals are charged with knowing
all they can learn about hearing disorders and their ramifications. To know less is to do
a disservice to those children and adults who rely on professionals for assistance.

The chapter arrangement in this book differs somewhat from most audiology texts
in several ways. The usual approach is to present the anatomy and physiology of the ear
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first, and then to introduce auditory tests and remediation techniques. In this text, after
an introduction to the profession of audiology and a review of the science of hearing in
Chapters 1 and 2, a superficial look at how the ear works is provided as a conceptual
beginning to aid in the understanding of the details of auditory tests as they relate to the
basic mechanisms of hearing. Thus, with a grasp of the test principles, the reader is bet-
ter prepared to benefit from the many examples of theoretical test results that illustrate
different disorders in the auditory system.

The organization of this book has proved useful because it facilitates early com-
prehension of what is often perceived as difficult material. Readers who wish a more
traditional approach may simply rearrange the sequence in which they read the chap-
ters. Chapters 8 through 11, on the anatomy, physiology, disorders, and treatments of
different parts of the auditory apparatus, can simply be read before Chapters 3 through
7 on auditory tests. At the completion of the book, the same information will have been
covered.

The teacher of an introductory audiology course may feel that the depth of cover-
age of some subjects in this book is greater than desired. If this is the case, the primary
and secondary headings allow for easy identification of sections that may be deleted. If
greater detail is desired, the suggested reading lists at the end of each chapter can pro-
vide more depth. The book may be read in modules so that only specified materials are
covered.

Each chapter in this book begins with an introduction to the subject matter and
a statement of instructional objectives. Liberal use is made of headings, subheadings,
illustrations, and figures. A summary at the end of each chapter repeats the important
portions. Terms that may be new or unusual appear in bold print and are defined in the
book’s comprehensive glossary. Review tables summarize the high points within many
chapters. For those who wish to test their ability to synthesize what they learn and solve
some practical clinical problems, the Evolving Case Studies in selected chapters provide
this opportunity. The indexes at the back of this book are intended to help readers to
find desired materials rapidly.
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he first part of this book requires no foreknowledge of audiology. Chapter 1

presents an overview of the profession of audiology, its history, and directions

for the future. Chapter 2 discusses the physics of sound and introduces the
units of measurement that are important in performing modern audiologic assessments. If
you have had a course in hearing science you may find little new information in Chapter 2
and may wish to use it merely as a review. If this material is new to you, its comprehension is

essential for understanding what follows in this text.



CHAPTER

The Profession
of Audiology

LEARNING OUTCOMES

The purpose of this opening chapter is to introduce the profession of audi-
ology, from its origins, through its course of development, to its present
position in the hearing healthcare delivery system. At the completion of this
chapter, you should be able to:

1.1 Describe the evolution of audiology as a profession.

1.1 Discuss the differences between licensure and certification and why an
audiologist might choose to become certified.

1.1 Describe the reasons that speech-language pathologists may interact
closely with audiologists as they provide services within their chosen
professions.

1.2 Discuss the impact of hearing impairment on individuals and society.

1.2 List specialty areas within audiology and the employment settings within
which audiologists may find themselves.

HE PROFESSION OF AUDIOLOGY has grown remarkably since its inception

only a little more than seventy years ago. What began as a concentrated effort to

assist hearing-injured veterans of World War II in their attempts to reenter civil-
ian life has evolved into a profession serving all population groups and all ages through
increasingly sophisticated diagnostic and rehabilitative instrumentation. The current stu-
dent of audiology can look forward to a future within a dynamic profession, meeting the
hearing needs of an expanding patient base.
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1.1 The Evolution of Audiology

Prior to World War II, hearing-care services were provided by physicians and commercial
hearing aid dealers. Because the use of hearing protection was not common until the lat-
ter part of the war, many service personnel suffered the effects of high-level noise expo-
sure from modern weaponry. The influx of these service personnel reentering civilian life
created the impetus for the professions of otology (the medical specialty concerned with
diseases of the ear) and speech pathology (now referred to as speech-language pathology)
to work together to form military-based aural rehabilitation centers (Figure 1.1).

These centers met with such success that, following the war, many of the profes-
sionals involved in the programs’ development believed that their services should be made
available within the civilian sector. It was primarily through the efforts of the otologists
that the first rehabilitative programs for those with hearing loss were established in com-
munities around the country, but it was mainly those from speech-language pathology,
those who had developed the audiometric techniques and rehabilitative procedures of the
military clinics, who staffed the emerging community centers (Henoch, 1979).

Audiology developed rapidly as a profession distinct from medicine in the United
States. While audiology continues to evolve outside the United States, most professionals
practicing audiology in other countries are physicians, usually otologists. Audiometric
technicians in many of these countries attain competency in the administration of hearing

FIGURE 1.1 Audiology had its genesis in the VA hospitals during WWII. Many veterans returning
with noise-induced hearing loss were issued body-level hearing aids (a) and received extensive
aural rehabilitation (b) to help them make use of their residual hearing to as great an extent as
possible. (Source: Walter Reed Army Hospital.)

AN
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tests; however, it is the physician who dictates the tests to be performed and solely the
physician who decides on the management of each patient. Some countries have devel-
oped strong academic audiology programs and independent audiologists, like those in the
United States, but, with the exception of geographically isolated areas, most audiologists
around the globe look to American audiologists for the model of autonomous practice
that they wish to emulate.

The derivation of the word audiology is itself unclear. No doubt, purists are disturbed
that a Latin root, audire (to hear), was fused with a Greek suffix, logos (the study of), to
form the word audiology. It is often reported that audiology was coined as a new word in
1945 simultaneously, yet independently, by Drs. Raymond Carhart! and Norton Canfield,
an otologist active in the establishment of the military aural rehabilitation programs. How-
ever, a course established in 1939 by the Auricular Foundation Institute of Audiology entitled
“Audiological Problems in Education” and a 1935 instructional film developed under the
direction of Mayer Shier titled simply Audiology clearly predate these claims (Skafte, 1990).
Regardless of the origin of the word, an audiologist today is defined as an individual who
has attained the education, training and license to provide an array of services for the iden-
tification, assessment, diagnosis, and treatment of those with auditory or vestibular impair-
ment, as well as the prevention of such disorders (American Academy of Audiology, 2004).

Academic Preparation in Audiology

In the United States, educational preparation for audiologists evolved as technology
expanded, leading to an increasing variety of diagnostic procedures and an expanded pro-
fessional scope of practice (American Academy of Audiology, 2004; American Speech-
Language-Hearing Association, 2004d). Audiology practices have grown to encompass
the identification of hearing loss, the differential diagnosis of hearing impairment, and
the non-medical treatment of hearing impairment and balance disorders. What began as a
profession with a bachelor’s level preparation quickly transformed into a profession with a
required minimum of a master’s degree to attain a state license, now held forth as the man-
datory prerequisite for clinical practice in most states. Nearly forty-five years ago, Raymond
Carhart, one of audiology’s founders, recognized the limitations imposed by defining the
profession at the master’s degree level (Carhart, 1975). Yet it was another thirteen years
before a conference, sponsored by the Academy of Dispensing Audiologists, set goals for the
profession’s transformation to a doctoral level (Academy of Dispensing Audiologists, 1988).

Beginning in 1994 with the establishment of the first professional doctorate in audi-
ology, academic programs transitioned to the professional doctorate for student prepara-
tion in audiology, designated as the doctor of audiology (Au.D.). At most universities,
the Au.D. comprises four years of professional preparation beyond the bachelor’s degree,
with heavy emphasis on didactic instruction in the early years gradually giving way to
increasing amounts of clinical practice as students progress through their programs. The
final (fourth) year consists of a full-time clinical placement, usually in a paid position.

Although the required course of study to become an audiologist remains somewhat
heterogeneous, coursework generally includes hearing and speech science, anatomy and
physiology, fundamentals of communication and its disorders, counseling techniques,
electronics, computer science, and a range of coursework in diagnostic and rehabilitative
services for those with hearing and balance disorders. Through this extensive background,
university programs continue to produce clinicians capable of making independent deci-
sions for the betterment of those they serve.

! Dr. Raymond Carhart (1912-1975), largely regarded as the father of audiology.
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Licensing and Certification

As audiology evolved in the United States, like other professions, its practice has become
governed through license or registration in every state of the union and the District of
Columbia. Such regulation ensures that audiology practitioners have met a minimum level
of educational preparation and, in many states, that a minimum of continuing study is
maintained to help ensure competencies remain current. A license to practice audiology or
professional registration as an audiologist is a legal requirement to practice the profession
of audiology. Licensure and registration are important forms of consumer protection, and
loss or revocation of this documentation prohibits an individual from practicing audiol-
ogy. To obtain an audiology license, one must complete a prescribed course of study,
acquire approximately 2000 hours of clinical practicum, and attain a passing score on a
national examination in audiology.

In contrast to state licensure and registration, certification is not a legal require-
ment for the practice of audiology. Audiologists who choose to hold membership in the
American Speech-Language-Hearing Association (ASHA) are required by ASHA to hold
its Certificate of Clinical Competence in Audiology, attesting that a designated level of
preparation as an audiologist has been met and that documented levels of continuing
education are maintained throughout one’s career. Many audiologists select certification
from the American Board of Audiology as a fully voluntary commitment to the principles
of lifelong continuing education. ABA certification is an attestation that one holds him- or
herself to a higher standard than may be set forth by professional associations or in the
legal documents of licensure or registration.

The use of support personnel within a variety of practice settings is growing. The
responsibilities of these “audiologist’s assistants” have been delineated by the American
Academy of Audiology (1997; 2014). Licensing laws in nearly half of the states define
permitted patient care assignments for audiology assistants. Assistants can be quite valu-
able in increasing practice efficiency and meeting the needs of a growing population
with hearing loss. It is audiologists’ responsibility to ensure that their assistants have the
proper preparation and training to perform assigned duties adequately.

A Blending of Art and Science

Audiology is a scientific discipline based upon an ever-growing body of research on
the fundamentals of hearing and balance, the physiologic and psychosocial impacts of
disorders of these functions, and the technological aspects of both hearing and balance
diagnostics and pediatric and adult treatments. Over the years, some have cautioned
that audiology should avoid becoming mired in the technological aspects of service
delivery. Indeed, as Hawkins (1990) pointed out more than a quarter of a century ago,
the importance of the many technological advances seen in audiology may be of only
minor importance to the final success with patients when compared to the counseling
and rehabilitative aspects of audiological care.

The blending of the science of audiology with the art of patient treatment makes
audiology a highly rewarding profession. The humanistic side of professional endeavors
in audiology is what brings audiologists close to the patients and families they serve and
makes the outcomes of provided services rewarding for both the practitioner and the /
recipient of care. All patients bring to audiology clinics their own life stories, personal \J
achievements, and recognized (and unrecognized) limitations. Audiologists must learn to .22
listen supportively, thus allowing patients to tell their own stories, so that both diagnostics ek vour
and rehabilitation may be tailored to individual needs effectively (Clark & English, 2014). UNDERSTANDING 1.1
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Speech-language pathologists often find that they work in close concert with audiolo-
gists. This may be true with children, whose hearing loss can have a direct impact
on speech and language development, as well as with older adults, who have a higher
incidence of age-related communication disorders. The frequent co-existence of hearing
disorders and speech and language problems has led the American Speech-Language-
Hearing Association to include hearing-screening procedures, therapeutic aspects of
audiological rehabilitation, and basic checks of hearing aid performance within the
speech-language pathologist’s scope of practice (ASHA, 2001, 2004Db).

1.2 People and Places

Audiologists serve patients of all ages ranging from neonates to those at the end stages of
their lives. Those with hearing and balance disorders may be seen by audiologists within
different professional settings and by professionals who serve as general audiology prac-
titioners or who may have chosen to specialize primarily within a single area of audiol-
ogy practice. To support audiologists, several associations have been founded to provide
forums for information exchange in the broad field of audiology and its specialty areas.
Many of these associations offer continuing education opportunities for practitioners to
meet the requirements of licensure or voluntary certification.

Prevalence and Impact of Hearing Loss

Although the profession of audiology was formed under the sponsorship of the military, its
growth was rapid within the civilian sector because of the general prevalence of hearing loss
and the devastating impact that hearing loss has on the lives of those affected. The reported
prevalence of hearing loss (see Table 1.1) varies somewhat depending on the method of esti-
mation (actual evaluation of a population segment or individual response to a survey ques-
tionnaire), the criteria used to define hearing loss, and the age of the population sampled.

TABLE 1.1 Prevalence of Hearing Loss and Related Disorders

360 million (5.3%) persons in the world have a debilitating hearing loss

50 million (1.5%) Americans experience tinnitus (ear or head noises)

48 million (1.47%) Americans report some degree of hearing loss

30 million (0.9%) Americans are exposed to hazardous noise levels or ototoxic chemicals at work.
16 million (33%) Americans have a hearing loss at age 65 or older

14 million baby boomers (14.6%) have hearing problems

10 million (0.3%) Americans have some degree of permanent, noise-induced hearing loss

7 million (15%) school-aged children have some degree of hearing loss

6 million Generation Xers (7.4%) already have a hearing loss

5 out of 6 children (83%) in America experience ear infections by 3 years of age.

2-3 of every 1000 children (0.03%) in America are born with hearing loss in one or both ears

Sources: World Health Organization (www.who.int/pbd/deafness/WHO_GE_HL.pdf);Tinnitus Association of America (www.ata.org); Hearing Loss
Association of America (www.hearingloss.org/content/basic-facts-about-hearing-loss); Centers for Disease Control and Prevention (www.cdc.
gov/niosh/topics/noise/stats.html); Better Hearing Institute (www.betterhearing.org); Hear It (www.hear-it.org) National Institute of Occupational
Safety and Health (www.cdc.gov/niosh/topics/noise); National Institute on Deafness and Other Communication Disorders (vwww.nidcd.nih.gov/
health/statistics/quick-statistics-hearing; US Census Bureau (www.census.gov/popclock)
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CHAPTER 1 The Profession of Audiology

Using audiometric data from a national health and nutrition survey combined with
population projection estimates for the United States, Goman, Reed, and Lin (2017)
estimated the prevalence of bilateral hearing loss in 2020 among adults twenty years of
age and older to be over 44 million (15 percent). This figure is projected to rise to over
73 million (22.6 percent of adults) by the year 2060. Increased hearing loss is greatest
among older adults with estimates in 2020 exceeding 55 percent of adults 70 years of
age and older. The number of children with permanent hearing loss is far lower than the
number of adults. However, the prevalence of hearing loss in children is almost stagger-
ing if we consider those children whose speech and language development and academic
performances may be affected by mild transient ear infections so common among chil-
dren. While not all children have problems secondary to ear pathologies, 75 percent of
children in the United States will have at least one ear infection before three years of age
(National Institute on Deafness and Other Communication Disorders, 2010a).

For children with recurrent or persistent problems with ear infections, the devel-
opmental impact is uncertain. A variety of studies have shown that some children prone
to ear pathologies may lag behind their peers in articulatory and phonological develop-
ment, the ability to receive and express thoughts through spoken language, the use of
grammar and syntax, the acquisition of vocabulary, the development of auditory memory
and auditory perception skills, and social maturation (for review, see Clark & Jaind],
1996). There is indication, however, that children with early history of ear infections,
while initially delayed in speech and language, may catch up with their peers by the
second year of elementary school (Roberts, Burchinal & Zeisel, 2002; Zumach, Gerrits,
Chenault & Anteunis, 2010). Other studies have shown very little or no associations
between recurrent otitis media and speech and language development for most children
(Roberts, Rosenfeld & Zeisel, 2004). Even so, a study reporting no significant differences
in speech understanding in noise between groups of third- and fourth-grade students with
and without histories of early ear infections did, however, find a much greater range in
abilities for those with a positive history of ear infections (Keogh et al., 2005).

The fact that many children with positive histories of ear infection develop no
speech, language, or educational delays suggests that factors additional to fluctuating
hearing abilities may also be involved in the learning process (Davis, 1986; Williams &
Jacobs, 2009), but this in no way reduces the need for intervention. The impact of more
severe and permanent hearing loss has an even greater effect on a child’s developing
speech and language and educational performance (Diefendorf, 1996) and also on the
psychosocial dynamics within the family and among peer groups (Altman, 1996; Clark
& English, 2014).

Often, the adult patient’s reaction to the diagnosis of permanent hearing loss is to
feel nearly as devastated as that of the caregivers of young children with newly diagnosed
hearing impairment (Martin, Krall & O’Neal, 1989). Yet the effects of hearing loss
cannot be addressed until the reason for the hearing loss is diagnosed. Left untreated,
hearing loss among adults can seriously erode relationships both within and outside the
family unit. Research has demonstrated that, among older adults, hearing loss is related
to overall poor health, decreased physical activity, and depression. Indeed, Bess, Lich-
tenstein, Logan, Burger, and Nelson (1989) demonstrated that progressive hearing loss
among older adults is associated with progressive physical and psychosocial dysfunction.

In addition to the personal effects and opportunity costs of hearing loss on the
individual, the financial burden of hearing loss placed upon the individual, and society
at large, is remarkable. The National Institute on Deafness and other Communication
Disorders (2010b) reports that the total annual costs for the treatment of childhood ear
infections may be as high as $5 billion in the United States. When one adds to this figure
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