AUDIOLOGICAL
RESEARCH OVER
SIX DECADES
James Jerger, PhD

5521 Ruffin Road
San Diego, CA 92123
e-mail: information@pluralpublishing.com
Website: https://www.pluralpublishing.com

Copyright ©2022 by Plural Publishing, Inc.
Typeset in 11/14 Palatino by Flanagan’s Publishing Services, Inc.
Printed in the United States of America by Integrated Books International
All rights, including that of translation, reserved. No part of this publication may
be reproduced, stored in a retrieval system, or transmitted in any form or by any
means, electronic, mechanical, recording, or otherwise, including photocopying,
recording, taping, Web distribution, or information storage and retrieval systems
without the prior written consent of the publisher.
For permission to use material from this text, contact us by
Telephone: (866) 758-7251
Fax: (888) 758-7255
e-mail: permissions@pluralpublishing.com
Every attempt has been made to contact the copyright holders for material originally
printed in another source. If any have been inadvertently overlooked, the publisher will
gladly make the necessary arrangements at the first opportunity.
Library of Congress Cataloging-in-Publication Data
Names: Jerger, James, author.
Title: Audiological research over six decades / James Jerger.
Description: San Diego, CA : Plural Publishing, Inc., 2021. | Includes
bibliographical references and index.
Identifiers: LCCN 2021017668 (print) | LCCN 2021017669 (ebook) | ISBN
9781635503708 (paperback) | ISBN 9781635503692 (ebook)
Subjects: MESH: Jerger, James. | Audiology — history | Hearing
Disorders — history | Biomedical Research — history | History, 20th
Century | History, 21st Century | United States | Case Reports
Classification: LCC RF290 (print) | LCC RF290 (ebook) | NLM WV 11 AA1 |
DDC 617.8 — dc23
LC record available at https://lccn.loc.gov/2021017668
LC ebook record available at https://lccn.loc.gov/2021017669

Contents

Foreword by Brad A. Stach
Introduction
Acknowledgments
Abbreviations

ix
xv
xvii
xix

1

The Early Years
A Diagnostic Challenge
Professor Doctor Eberhart Lüscher
The Quantal Psychophysical Method
The SISI Test
Abnormal Auditory Adaptation
The Békésy Audiogram
Speech Audiometry
Synthetic Sentence Identification (SSI)
Brainstem Versus Temporal Lobe
Related Readings

1
2
3
7
11
13
14
22
26
28
36

2

Immittance Audiometry
The Tympanogram
The Stapedius Muscle Reflex
Reflex Averaging
Other Reflex Oddities
An Educational Adventure
Related Readings

39
42
43
45
49
50
51

3

Auditory Processing Disorder
The Birth of APD
The Italian Pioneers
Early Efforts in the U.S.

53
54
55
57

v

vi  AUDIOLOGICAL RESEARCH OVER SIX DECADES

The Other Side of the Coin
An Account of an Interesting Patient
Medical Report
Neuropsychological Examination
Audiological Examination
Related Readings

63
63
64
64
65
70

4

A Once-in-a-Lifetime Opportunity
An Important Point
History and Medical Findings
First Admission
Second Admission
Basic Testing
Basic Audiometry
Some Psychoacoustic Measures
Auditory Localization in Space
Final Thoughts
Related Reading

73
75
76
76
77
79
79
81
82
87
88

5

Binaural Hearing Aids
An Early Study
But Is the Group Representative of Everyone in It?
Binaural Interference
A Very Intact Nonagenerian
Can We Explain AK’s Findings by Invoking
a Relevant Cognitive Deficit?
A Possible Explanation
Related Readings

89
90
93
94
95
99
99
102

Cued Listening
Group Results
Three Illustrative Individual Patients
Last Thoughts
Related Readings

105
108
110
113
113

6

CONTENTS  
vii

7

8

9

Aging and Gender Effects
Can Speech Understanding Problems in Elderly
Persons Be Explained by the Audiogram?
Auditory Processing Disorder and
Dichotic Listening
Auditory Processing Disorder Versus
Cognitive Decline
A Longitudinal Case Study
Some Gender Differences
Another Gender Effect — The Shape of the
Audiogram
Overview
Related Readings

115
117

Auditory Event-Related Potentials to Words
Waveforms
The Importance of Forcing a Decision
The Framework of an Auditory Event-Related
Potential Procedure (AERP)
The Late Positive Component (LPC)
The Right Ear Advantage
But What About the Nontarget Words?
Processing Negativity (PN)
Repeating Words Back Versus Making Decisions
About Them
More PN Examples
A Case of Multiple Sclerosis
A Clarification
Final Thoughts
Related Reading

135
136
138
141

A Twin Study
Basic Audiometry
Behavioral Psychoacoustic Measures of Auditory
Processing

161
162

119
122
125
126
128
133
133

141
144
147
149
154
155
157
159
159
160

163

viii  AUDIOLOGICAL RESEARCH OVER SIX DECADES

10

Index

Standardized Cognitive/Linguistic Evaluations
Activation Patterns
Dichotic Listening
Diffusion Tensor Imaging
Related Readings

163
164
169
174
174

Odds and Ends
A Visit to Montreal
“Normal Audiometric Findings”
Simian Surgery
A Researcher’s Dream
A Voice From the Past
A Herculean Effort
Finis
Related Readings

177
178
179
181
181
183
185
188
188
189

Foreword

This book is an adventure. It tells the story of the evolution of
diagnostic audiology through the voice of one of its greatest contributors, Dr. James Jerger. His story begins in the late 1950s during his formative years as a student of Raymond Carhart and
other notables, continues through his prolific years at the Baylor
College of Medicine, and ends with his final act at the University
of Texas at Dallas. Jerger’s lively narrative describes, in his wise
and witty way, what he was thinking throughout six productive
decades of game-changing audiological research. He provides us
with a view, through case studies of his own work, of an unparalleled perspective, from the room where it happened.
I first met Dr. Jerger when he was lecturing at a symposium
in Nashville in the late 1970s. I was a young master’s degree student at Vanderbilt University. In those days, that was the clinical degree for entry into the audiology profession. I have this
vague memory of that lecture, and it went something like this:
He seemed to be presenting case after case after case, and I kept
wondering, where are the data? In the classroom and from their
treatment in the literature, of course, we were taught that a disorder is some sort of homogeneous entity and that test outcomes
should be reflective of that. We were taught to wonder, how do
groups of people with the disorder perform on various diagnostic measures? If they vary, then there must be something wrong with the
test or, perhaps, with the disorder. It was not until I studied with
Jerger that I began to understand.
In 1981, I joined the group at the Baylor College of Medicine
as a PhD student under Dr. Jerger’s tutelage. My first research
assignment was in the lab of Dr. Makoto Igarashi and Dr. Glenn
Thompson, where I was studying the effects of cortical control
and the location of motoneurons of the stapedius reflex in squirrel
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monkeys. But at the end of every day, I would wander down
to the clinic to join the clinical staff in their daily case staffings
with Dr. Jerger. (I say daily, but during sailing season, we might
be found sneaking away on Wednesday afternoons to Galveston
Bay for an afternoon on Dr. Jerger’s sailboat Ixchel.) It was at these
staffings that I began to understand the tremendous value of peer
review, the power of the test battery approach to clinical data
collection, and the important lessons that we could learn from
individual patients. After I graduated, I stayed on with the team
at the Baylor College of Medicine and the Methodist Hospital of
Houston for a number of years and never missed a case staffing.
During my 11 years there, I came to know Jim Jerger as an excellent scientist with the strongest theoretical background, but one
who had unmatched clinical credibility.
I tell you the story about case staffings because, as I was
reading this book, I was struck by how often he uses case studies
to help explain to you as a reader the point he is trying to make
about the topic. In his Chapter 3 on auditory processing disorder
(APD), he provides some historic background and some theoretical constructs, but then he teaches you about the nature of the
disorder by showing you a well-studied and well-tested patient.
Chapter 4 is all about a patient and Chapter 9 about twins. And
he makes his most important teaching points by illustrating them
in patient outcomes in his Chapter 5 on binaural hearing and in
Chapter 6 on a very clever test of binaural listening. Finally, in
Chapter 8, on auditory event-related potentials (AERPs), he says
it best: “That is why we have focused so much of our work in
AERPs on individual listeners, whether normal or abnormal:
because as clinicians, we all want methods and techniques that
we can use to investigate people, not groups of people.” In these
days of big data and meta-analysis, this is a refreshing reminder
of the importance of the individual and what we can learn from
the variability of individual clinical outcomes.
I left the Baylor College of Medicine in 1992. In those days,
our only real mode of communication was the telephone, and
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back then, they had cords. So, communication was not as simple
as today, and I remember how much I missed understanding
Dr. Jerger’s perspective on things. One thing I could count on,
though, was that every month, he would write an editorial as Editor of the Journal of the American Academy of Audiology. I remember
looking forward to understanding what interested him and what
he saw as important in the work of others. I had the same anticipation as I was reading this book. I was there for a part of it, and
I still found it interesting to see it through his eyes.
The book begins with a chapter on the early years of diagnostic audiology. It is interesting on any number of levels, but
I tried to imagine what it must have been like back in the days
before computers, signal averaging, or radiologic imaging. His
description of the approaches to the diagnostic questions is fascinating and, in particular, why he pursued loudness measures. It
seems quite likely that it has been a while since the last publication of a Békésy audiogram, but you will see one in this chapter.
Perhaps I never quite understood, or I had just forgotten, how
rapidly a disordered auditory system can undergo adaptation. It
made me wonder if some of the difficulty we have now in pinning down pure-tone thresholds on patients with auditory neuropathy might be related to how rapid this is in an asynchronous
system. The chapter also includes a discussion of the Synthetic
Sentence Identification (SSI) test. Students of speech audiometry
should go back to the early work of Speaks and Jerger to learn
why they chose the targets and competition for this test. The test
might seem quirky, but it had the strikingly real advantage in
that it actually worked as an effective clinical tool for identifying
retrocochlear disorder and APD.
The second chapter is on immittance audiometry and, in particular, the contribution of the acoustic reflex measurement and
reflex patterns to auditory disorder diagnosis. It is a testament
to Jerger’s clinical observation that his tympanogram typing has
proven to be universally applicable 50 years later. I am impressed
that, even today, the combination of vector tympanometry and
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acoustic reflex thresholds remains the best way to identify stiffness disorders such as otosclerosis. Heroic efforts to harness other
tympanometric measures have consistently led to overly sensitive measures from a clinical usefulness perspective. And today,
acoustic reflex patterns have become an integral component of
the early diagnosis of third-window disorders.
Each of the chapters in this book provides an insider’s view
to Dr. Jerger’s thinking about the topic, a smattering of the data
gathered, and a case or two to drive home the point. Other chapters include the topics of auditory processing disorder, binaural
hearing aids, and the complexity of auditory aging. Two fascinating chapters cover his work on auditory event-related potentials.
If you are not up to speed on any of these areas, you will be after
you read Jerger’s eloquent summary of each.
I want to tell another story about the patient described in
Chapter 3 on APD and the cued-listening measurement described
in Chapter 6. I had the privilege of working in the lab at the time
this patient was being evaluated and this measurement technique
was being developed. I’ll give you a brief preview. The patient
with APD has an isolated, well-described dichotic deficit. In the
cued-listening measurement, continuous discourse is played
simultaneously from a speaker on both the right and left sides
of the patient. The task is a very simple one that you will learn
more about in Chapter 6. This particular patient performed well
on the task in quiet. When noise was introduced, however, she
had the perception that the sound coming from the left speaker
was attenuated. We were astonished at what appeared to be a
sound-field reflection of that dichotic disorder. That is how Jim
Jerger learned — from patients. And that is how he tried to teach
us to learn.
As I reached the final chapter of this book, I was bemused
by a story about one of my favorite Jerger articles, entitled “Normal Audiometric Findings.” I cannot remember if I ever knew
the story behind the article or if I had just forgotten. Recently,
I have resurrected a talk about the importance of the test battery
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approach to diagnostic testing as the result of identifying a patient
with a sizable eighth nerve tumor based on acoustic reflexes and
screening for speech-recognition rollover. I remember someone
in the audience saying that “we never see patients with tumors.”
And I remember thinking to myself, “and you never will, because
you choose not to look for them.” In today’s world, we call that
kind of thinking and testing confirmation bias. The story behind
“Normal Audiometric Findings” was in response to that sort of
confirmation bias. What Dr. Jerger shows is that you will see all
kinds of interesting outcomes if you just look for them.
Among my favorite articles written by Dr. Jerger is one not
referenced in this book. He wrote it in 1962, and it was entitled
“Scientific Writing Can Be Readable” (ASHA, April 1962, pp. 101–
104). If that sounds in any way pretentious, you can only imagine
what the academics of the day must have thought of this precocious young whippersnapper. Regardless, in it he says, “You cannot communicate your research findings to other people unless
you write about them in a way that allows other people to understand what you are talking about.” In this book, Jim Jerger lives
up to his own lofty expectations and provides a treasure trove of
insight for anyone who is a student of diagnostic audiology.
— Brad A. Stach

Introduction

History is philosophy from examples.
Ars Rhetorica — Dionysius of Halicarnasius
Over a period of some 64 years, my colleagues, students, and
I have completed research projects in a number of areas impacting audiology practice. We studied the diagnostic evaluation of
persons with auditory disorders, ranging from the middle ear to
the auditory centers in the brain. We reported these studies to our
colleagues in 11 books and 335 articles, appearing in both audiology and otolaryngology publications. From these many sources,
I have chosen to comment on articles and books representing 10
distinct areas of investigation.
I have tried to avoid excessive technical detail. Readers will
find no soporific statistical test results, no p values, no details
of instrumentation, and few references to anyone else’s work.
Readers are expected, however, to have a basic understanding of
auditory evoked potentials and auditory event-related potentials.
And, a sense of humor is always welcome.
My hope is that this historical overview will convey to students new to the profession something of the satisfaction associated with an audiology research project. Another goal is to
remind those few who can still remember the 1950s and 1960s
how research in those years impacted and shaped the early formative development of the profession. This is, in many ways, the
story of the evolution of diagnostic audiological assessment and
a record of how thinking has evolved over the years.
The book is divided into three major sections: (1) the early
years, (2) the Baylor College of Medicine years, and (3) the University of Texas years. The early years included 9 years at Northwestern, shuttling between the School of Speech in Evanston and
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the Medical School in downtown Chicago. We left Chicago in
1961 to move to Washington, D.C. Here I spent one year, both at
Gallaudet College and at the VA outpatient clinic. At Gallaudet,
I learned about deafness and the incredible accomplishments of
those wonderful young students. At the VA, I was one-third of
a triumvirate, including Laszlo Stein and Stan Zerlin. We set the
VA record for length of lunch break, which remains unbroken to
this day. In 1962, we moved again, this time to Houston, where
I served as head of research for the next 6 years at the Houston
Speech and Hearing Center.
In Houston, with Chuck Speaks and my wife, Susan Jerger,
we spent much of our time on the development and evaluation
of the Synthetic Sentence Identification (SSI) materials. Then,
Chuck went up to the University of Minnesota and crafted a distinguished career in speech science. In 1968, Susan and I moved
from the Houston Speech and Hearing Center across the street to
the Baylor College of Medicine, within the Texas Medical Center,
where we spent the next 29 years.
Chapters 2 to 7 describe only a small fraction of our many
interests during those 29 productive years, from 1968 to 1997.
Finally, Chapters 8 and 9 cover some of the auditory event-related
potentials studies we accomplished during the next 17 years at
the University of Texas at Dallas. Chapter 10 fleshes out some
odds and ends to complete the book. If you are interested in the
right ear advantage, be sure to read the section, “A Visit to Montreal.” Even if you’re not, read it anyway. It is very interesting.
Now Susan and I have been retired in Lake Oswego, Oregon,
since 2014, and are loving it. But we miss many old friends.
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Abbreviations

ABLB

Alternate binaural loudness balance test

ABR

Auditory brainstem response

AERP

Auditory event-related potential

AFSC

Aerospace Medical Division

AKA

Also known as

ALS

Advanced life support

AMLR

Auditory middle latency response

ANOVA

Analysis of variance

APD

Auditory processing disorder

BCM

Baylor College of Medicine

Bell Labs

Bell Telephone Laboratories

CELF

Clinical Evaluation of Language Function

CLT

Cued Listening Test

CNS

Central nervous system

CP3

Left centro-parietal electrode

CVC

Consonant-vowel-consonant

dB

Decibel

dBA

Decibels on the A scale of a sound level meter

d′

Detectability index

E800

Grason-Stadler self-recording audiometer

DSI

Dichotic Sentence Identification test

EEG

Electroencephalographic

EMS

Emergency medical service

HTL

Hearing threshold level
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Hz

Hertz (frequency in)

k

1,000

JND

Just noticeable difference

LE or L

Left

LEA

Left ear advantage

LPC

Late positive component

Max

Maximum

MCR

Message-to-competition ratio

Min

Minimum

MLR

Middle latency auditory-evoked response

ms

Millisecond

MNI

Montreal Neurological Institute

N1

Negative peak at about 100 ms on the evoked
potential waveform

P2

Positive peak at about 200 ms on the evoked
potential waveform

PZ

Midline parietal electrode

PAL

Harvard Psychoacoustic Laboratory

PB

Phonemically balanced

PBK

Phonemically balanced kindergarten list of words

PB50

Phonemically balanced 50-word lists

PI

Performance versus intensity

PN

Processing negativity

PTA

Pure-tone average

RE or R

Right ear

SCAN

Screening test for auditory processing disorder

SISI

Short Increment Sensitivity Index

SL

Sensation level

SPIN

Speech Perception in Noise Test
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SPL

Sound pressure level

TTC

Token Test for Children

USAF

United States Air Force

UTDallas

University of Texas at Dallas

USPHS

United States Public Health Service

W-1

List of Spondee words

WISC

Wechsler Intelligence Test for Children

WWII

World War II

This book is dedicated to the memory of Sadanand Singh,
speech scientist, whose influence on our profession
will never be forgotten.
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The Early Years
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A DIAGNOSTIC CHALLENGE
Before the advent of brain imaging techniques, unilateral hearing loss in adults, either sudden or gradual, presented a diagnostic challenge. Meniere’s disease and acoustic tumor are two
examples of the problem. Meniere’s disease results from abnormally high endolymphatic fluid pressure within the cochlea. It
produces the distressing physical symptoms of unilateral hearing loss, dizziness, tinnitus, and nausea. Acoustic tumor (tumor
affecting the eighth cranial nerve) derives from a schwannoma
initially growing on the vestibular portion of the eighth nerve.
As the tumor grows, it eventually invades the auditory portion
of the nerve. The two etiologies initially produce roughly similar
unilateral pure-tone audiometric patterns — relatively flatter in
Meniere’s disease, usually more sloping from low to high frequencies in acoustic tumor — but the audiogram difference, by
itself, is not sufficiently predictable to be useful diagnostically.
Although Meniere’s disease is not a pleasant experience, it is
usually not life threatening, but a growing tumor in the auditory
canal can, eventually, affect nearby brainstem systems responsible for basic life functions such as breathing. It is understandable,
therefore, that in the 1950s, before the advent of sophisticated
brain imaging, it would have been desirable to know with some
certainty which of the two possibilities was, in fact, the more
likely case.
The first suggestion that audiometric testing might provide
an answer came from three British investigators, M. R. Dix, C. S.
Hallpike, and J. D. Hood. Their 1948 paper in the Proceedings of
the Royal Society of Medicine had a profound effect on the fledgling
field of audiology. Dix et al. administered a loudness recruitment
test, the alternate binaural loudness balance (ABLB) test, to 30
patients with unilateral Meniere’s disease and 20 patients with
unilateral acoustic tumor.
The ABLB test is a procedure in which the listener equates
the loudness of a pure tone in each ear by adjusting the loudness
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of the tone on one ear until it equals the loudness of the same tone
on the other ear, as the tone alternates between the two ears. In
the case of Meniere’s disease, Dix et al. found that, as loudness
increased in the good ear, there was a concomitant increase in
loudness in the impaired ear, but the equivalent increase in loudness on the impaired ear appeared to be compressed into a much
smaller span of intensities. They attributed this compression of
loudness to the phenomenon of “loudness recruitment,” long recognized as common in persons with sensorineural hearing loss,
especially in the high-frequency region above 1 kHz. But in the
case of patients with acoustic tumor, there was no compression
of the loudness range on the impaired ear. As intensity increased,
loudness appeared to grow at the same rate on both the better
and the poorer ears. In other words, patients with acoustic tumor
showed little or no recruitment of loudness. Dix et al. concluded
that loudness recruitment, as measured by the ABLB test, was
characteristically present in their patients with Meniere’s disease but characteristically absent in their patients with acoustic
tumors. The implication seemed clear. You could distinguish
between inner ear and auditory nerve sites of disorder by testing
for recruitment. Its presence suggested an inner ear site while its
absence pointed toward a site involving the auditory nerve.

Professor Doctor Eberhart Lüscher
There was one major problem, however. The ABLB test was only
feasible if the hearing loss was unilateral. The unaffected ear had
to be relatively normal. But a Swiss otologist, Professor Doctor
Eberhart Lüscher, immediately grasped the long-range significance of their findings. If you could devise a loudness recruitment test that did not require one normally hearing ear, reasoned
Lüscher, you could expand the diagnostic value of the loudness
recruitment phenomenon to include persons with bilateral sensorineural hearing loss as well as unilateral loss, a potentially major
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advance in the audiological evaluation of virtually all sensorineural hearing disorders.
Influenced by the 19th-century psychophysical research of
German scientists Ernst Weber and Gustave Fechner, on the measurement of just-noticeable differences (JNDs) in the loudness of
tones, Lüscher reasoned that, if loudness grew incrementally by
the accumulation of JNDs, then each JND must be smaller in the
ear with loudness recruitment since so many of them seemed to
be packed into a much smaller range of intensities. The answer,
Lüscher reasoned, was to measure a patient’s JNDs for loudness,
which could be done on one ear independently of the recruitment
status on the opposite ear: The ABLB requirement of unilateral
loss would no longer be necessary. This reasoning did not hold
up under subsequent research. Loudness in a listener with sensorineural hearing loss is much more complicated than a simple
sum of JNDs. But, despite its faulty theoretical basis, the concept
worked in practice.
Lüscher next devised a method for measuring the loudness
JND in the clinic. As a student of psychoacoustics, he turned to
the classical method of constants. He instructed his lab assistant, a
young Polish engineering student named Jozef Zwislocki, to fabricate a device that would allow the operator to vary the degree
of amplitude modulation of a pure tone generated by an audiometer. Zwislocki, a Polish immigrant to Switzerland, subsequently
immigrated to the U.S., studied at the Harvard Psychoacoustic
Laboratory, and then moved on to Syracuse University, where he
eventually became a distinguished auditory neuroscientist. Zwislocki died in 2016 at the age of 96.
Lüscher reasoned that the smallest degree of amplitude
modulation that the patient could just notice was a measure of
the JND for loudness. In Lüscher’s methodology, modulation was
varied randomly over a range of 0 to 5 dB in a series of trials separated by silent intervals. The JND was defined as the modulation
level corresponding to the 50% correct point on the psychophysical function relating percent correct performance to modulation
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level. You can imagine that after this procedure had been administered across three or four frequencies, both the tester and the
listener were exhausted, but results were encouraging. After testing his method in the clinic, Lüscher concluded that his technique
worked very well and could be viewed as a substitute for the
ABLB as a test for loudness recruitment in patients with bilateral sensorineural losses. His results were published in the Journal of Laryngology and Otology in 1951. But word of his work had
already spread among otology circles in Europe. An electronics
company in London, Amplivox, was impressed with Lüscher’s
paper and thought there might be a market for a device that one
could attach to an audiometer to produce the amplitude modulation that formed the basis for the test. My mentor, Raymond
Carhart, ordered one of the units for use in the Northwestern
audiology clinics. Since the unit was small, light, and portable, it
could be carried between the School of Speech in Evanston and
the Department of Otolaryngology at the NU Medical School in
downtown Chicago. At a meeting of the graduate students, Carhart asked whether any one of us was interested in trying it out.
I immediately volunteered and took my first halting step into a
career in audiological research.
I was just beginning work on my master’s degree at Northwestern when Lüscher’s paper appeared. I took the Amplivox
device to the Northwestern University Medical School in Chicago’s near northside, hooked it up to an audiometer, and began
to examine patients with hearing loss. After testing 89 individuals with various auditory disorders, I analyzed the data, wrote a
paper based on the findings, and submitted it to the audiology
faculty as a master’s thesis. I then prepared a shortened version
and submitted it for publication in The Laryngoscope.
My findings were in good agreement with Lüscher’s. We
had both demonstrated that patients with cochlear site of disorder appeared to have smaller JNDs for sound intensity than
patients with either eighth nerve or more central sites. In addition, in my study, persons with more central sites appeared to

