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From the Editor |  Ar thur  N.  Popper

This issue of Acoustics Today 
(AT) continues my intent to 
ensure a reasonably balanced 
representation of the different 
technical areas of the Acousti-
cal Society of America (ASA). 

One of the things I’ve noticed in analyzing the different 
technical committees is that although the ASA has many 
members in the area of speech, there have had relatively few 
articles in that area. Therefore, we have two articles in this is-
sue that cover some rather interesting and intriguing aspects 
of the topic. 

One of these speech articles is by Kenneth de Jong, who 
raises an issue I had certainly not thought about, the me-
chanics of producing speech sounds in different languages. 
In his article, Ken makes note that one basis for people hav-
ing accents when they speak a new language is that they are 
trained in the mechanics of speech in their native tongue 
and then have to learn a new set of mechanics for the second 
language. 

The other speech article is by Matthew Winn. Matt shares 
interesting insights into how we hear sounds. He makes the 
point that in listening we don’t always just use the sound, but 
that context, including things we see, can have an impact on 
what we think we hear. 

Gabrielle (Elle) O’Brien is a student member of the ASA, 
completing her doctorate at the University of Washington, 
Seattle. Elle is interested in scientific communication and 
the history of science. In this issue, Elle writes about the 
fascinating collaboration between the very great conductor 
Leopold Stokowski and one of the founders (and the first 
president) of the ASA, Harvey Fletcher. I was sufficiently 
impressed with Elle’s writing and her interest in the history 
of acoustics and science communication to invite her to be-
come an AT intern and write a series of short essays on the 
history of our field. Please look for her essays starting in the 
next few months at acousticstoday.org. 

Last year, I was contacted by Cristina Tollefsen with the idea 
for an article on the history of Canadian naval contributions 
to underwater acoustics. I was intrigued by the idea, and the 
fascinating article is in this issue. Cristina not only came 
up with a great deal of interesting information, but she also 

delved into the Canadian naval history archives to find some 
very wonderful old images that are worth browsing.

As we age, one of the medical issues that arises is osteoporo-
sis. It turns out that there are a number of acoustic methods 
to help manage the disease, and these are discussed by Keith 
Wear, Brent Hoffmeister, and Pascal Laugier in their article. 
I, for one, was not aware of much about osteoporosis, and 
this article provides a very valuable insight that is important 
for many of us.

This issue also contains a number of Sound Perspectives es-
says you might find interesting. One of these, by ASA editor 
in chief Jim Lynch, along with Elizabeth Bury, Mary Guil-
lemette, and Helen Wall Murray, is longer than the usual es-
says, but it provides great insight and a lot of information 
about ASA publications. The ASA editorial staff has been 
working very hard to improve the quality of ASA publica-
tions not only to ensure much faster publication times but 
also to moving our publications ahead in many other ways. 
Jim and his colleagues discuss these efforts and future plans 
in this essay.

Also, Jim’s article has a great photo showing most of the 
members of the ASA publication team. The purpose of the 
photo is to make it easier for you to identify the members of 
the team at ASA meetings; they are always delighted to talk 
about the ASA publication program.

In other essays, we continue our “Ask an Acoustician” series 
with an interview of 2018 ASA Gold Medal winner William 
Yost. Bill, whom I am honored to call a longtime and close 
friend, has made many contributions to acoustics and to the 
ASA, and it is really interesting to get his perspective on a 
number of issues. 

We also have an essay about the ASA Archives and History 
Committee written by its chair, Fredericka Bell-Berti. This is 
one committee I knew almost nothing about, and we learn 
that the members do fascinating things. In particular, they 
are looking for ASA members (who do not have to be mem-
bers of the committee) to help interview senior acousticians 
for the ASA archives. If you think you can help, please do 
contact the group at fbellberti@gmail.com or bellf@stjohns.edu.

The final essay continues the series about our Committee on 
Women in Acoustics. Through a series of wonderful vignettes, 

Continued on page 8
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From the President |  Marcia  J.  Isakson

I recently traveled to Sydney, Australia, to scope out the site 
for the Fall 2021 joint meeting with the Australian Acousti-
cal Society (AAS; acoustics.asn.au) and the Western Pacific 
Commission for Acoustics (WESPAC). WESPAC is a con-
sortium of Asian and Pacific acoustic organizations includ-
ing the acoustical societies of China, Japan, India, Russia, 
Korea, Singapore, Hong Kong, New Zealand, and Australia. 
While in Sydney, I met with leaders of both WESPAC and 
AAS, toured the conference center and research facilities, 
and met with many Australian researchers (see photo).

Three factors were considered when making the decision to 
hold a meeting in Sydney. First, a poll was taken in each techni-
cal committee. Twelve technical committees voted in favor of 
the meeting and one committee was neutral. Based on this poll, 
the Acoustical Society of America (ASA) Executive Council felt 
that the Australian meeting would be well supported. 

Second, the Society-wide survey on the frequency of in-
ternational meetings indicated a willingness of the mem-
bership to engage in collaborative meetings outside North 
America. The survey, conducted in November 2017, showed 
a strong preference for changing the frequency of meetings 
outside North America to every 2-5 years. Of the 1,420 re-
spondents, 1,281 voted to have an international meeting ev-
ery 2-3 years (584) or every 4-5 years (697). This ratio was 
consistent across the technical committees. Last, one of the 
objectives of the strategic goal of member engagement and 
diversity is that we engage acousticians across the globe. 
Specifically, there is an enumerated objective to “maintain 
or expand international leadership in acoustics research.” In 
fact, 35% of our membership is international, with only 13% 
of those members coming from Canada or Mexico. We truly 
are a global society. We hope that through this meeting in 
Australia, we will continue to expand our global interactions 
and influence.

Collaborative meetings with international organizations 
such as AAS and WESPAC are not unprecedented. Current-
ly, the ASA has long-standing relationships with two other 
international acoustics organizations, the European Acous-
tics Association (EAA) and the Acoustical Society of Japan 
(ASJ). The relationship with the ASJ was the ASA’s first in-
ternational collaboration. We have a joint meeting with the 
Japanese every 10 years in Hawai’i, the most recent of which 

was in Honolulu in December 2016. The joint meetings be-
tween the ASA and the EAA are on a nine-year cycle, with 
one meeting in Europe, such as the Paris 2008 meeting, fol-
lowed by a meeting in the United States, such as the recent 
Boston conference in June 2017. I am hopeful that the meet-
ing in Sydney in 2021 may start a similar relationship with 
WESPAC.

The upcoming conference will be held in the International 
Convention Center (iccsydney.com.au) right on Darling 
Harbour (darlingharbour.com). The conference center is 
beautiful, with many amenities including state-of-the-art 
meeting rooms. The Darling Harbour area is also lovely, 
with a ferry to nearby attractions including the Sydney Op-
era House (sydneyoperahouse.com). For those who choose 
to stay in Australia before or after the meeting, there are 
tours of world-class vineyards in the nearby Blue Mountains 
(bluemts.com.au), and Uluru (parksaustralia.gov.au/uluru) is 
only a short flight away.

During my Sydney visit, the AAS arranged technical talks 
and tours to highlight the acoustics research going on down 
under. Doug Cato from the University of Sydney spoke on 
his work in understanding the effect of ambient noise on 
migrating humpback whales along the east coast of the 
Australia. We toured the Australian Hearing Hub at Mac-
quarie University (hearinghub.edu.au) and the anechoic 
chamber at the National Acoustics Laboratory (nal.gov.au). 
Jorg Buchholz is conducting ground-breaking research in 
the chamber to understand hidden hearing loss. Finally, we 
were treated to a tour through Cochlear (acousticstoday.
org/cochlearco), a biotechnology company that manufac-

Dinner in Sydney (left to right): Brian Ferguson (Austra-
lian ASA member), Marcia Isakson (president, ASA), Susan 
Fox (ASA Executive Director),  Marion Burgess (AAS and 
WESPAC), Mike Burgess (Marion’s husband), Jeff Parnell 
(AAS), and Ray Kirby (AAS). 

Continued on page 8

http://acousticstoday.org/cochlearco
http://acousticstoday.org/cochlearco


8  |  Acoustics Today  |  Summer 2018

Tracianne Neilsen and Lauren Ronsse provide insight into 
managing a very signifi cant issue, the “two-body problem.” 

I do not normally mention obituaries in my column, but I 
do want to mention the one in this issue about John Burgess. 
Th is is because John initiated the idea of ASA meeting with 
international organizations.  Of course, as we all know, this 
idea has become an integral part of ASA, and the next such 
meeting is discussed in the column by ASA president Marcia 
Isakson. John's legacy lives on.

tures cochlear implants. Because my research focus is on 
underwater acoustics, I was not familiar with the technol-
ogy behind cochlear implants. As many of you know, they 
are amazing. It is incredible that surgeons can coil electrodes 
from this tiny piece of technology inside a pea-sized organ 
to literally make the deaf hear. Th e cochlear implant labora-
tory may be a great option for a technical tour at the 2021 
conference. Finally, not to neglect architectural acoustics, we 
took in the opera Carmen at the Sydney Opera House. I can 
personally attest that the acoustics were phenomenal. 

In order to make a successful meeting, I encourage ASA 
members to reach out to their Australian and WESPAC 
colleagues to organize special sessions. Several Australian 
researchers will be attending upcoming ASA meetings to 
meet with our members. Hopefully, these meetings will en-
courage new collaborations.

Finally, I have accepted the position of ASA C ochair of this 
meeting. So if you have any questions about the meeting, 
including upcoming plans or getting in touch with AAS or 
WESPAC researchers or the Darling Harbour area, please 
contact me personally at misakson@arlut.utexas.edu.

On a separate issue, the new ASA logo was revealed in 
early April. Th is logo is a result of an eff ort to expand the 
Society’s infl uence in emerging media and online content. 
While working to expand online, we found that the tradi-
tional logo could not be rendered on screens due to the thin 
and graduated lines. Also, when we conducted a poll of col-
lege students, the letters “ASA” were not easily recognizable. 
Finally, the current design has many forms online and in 
print, including diff erent line weights and diff erent fonts. 
Some areas of the ASA such as the Student Council and 
standards had completely diff erent designs.

In the modern era, hiring a design fi rm is necessary to make 
sure we avoid some of the pitfalls from the previous design. 
Any new design would have to be vetted by a professional de-
sign fi rm due to the strict requirements for online rendering 
and recognizability. Our new logo is easily rendered and it is 
much more recognizable. I believe it is the right branding to 
bring the Society into the modern era. 

Help support the next generation of scientists and 
dedicated leaders in acoustics by donating to the 
ASA Early Career Leadership Fellows at:

https://acousticalsociety.org/foundation-fund/

From the Editor
Continued from page 6

From the President
Continued from page 7

What Can 
You Do? 

mailto:misakson@arlut.utexas.edu
https://acousticalsociety.org/foundation-fund/
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Sensitivity to Foreign Accent
Listeners are extraordinarily sensitive to acoustic detail in the speech  
of nonnative speakers. 

Research on the acoustics of the speech of nonnative speakers shows how extraor-
dinarily sensitive listeners are to the very subtle details of speech patterns. When 
we hear a person speaking, we very rapidly not only hear what the speaker is say-
ing but also are cognizant of many other attributes of the speaker: whether male or 
female, emotional state, whether the speaker has a cold, and whether the speaker 
is a native member of our own speech community. This article reviews a variety of 
work on the perception of whether a person is a native speaker or not and points 
out the remarkable sensitivity that the listeners have to information about accent. 
From research in perceiving the native quality of speech, we might say that speech 
acoustics not only captures our attention as scholars but also captures the rapt at-
tention of everyone. 

The obvious reason for this attention is that the acoustic medium enables us to 
communicate so that we are able to share our thoughts and intents with other 
individuals. People rapidly and efficiently encode their intents in speaking, and 
this fact invites us to think of the acoustic signal as a repository of information 
about the source of the acoustic signal, the speaking individual. Examined from 
this perspective, the speech research one finds at meetings of the Acoustical So-
ciety of America (ASA) highlights the complexity of such acoustical phenomena. 
Speech signals are very rapid but are also defined by a complex and intercollated 
matrix of information. Some of this information tells us about the physics of the 
person speaking, for example, individuals with shorter mouths and pharynges 
emit higher frequency resonances than individuals with longer ones. Other parts 
of this information encode the intent of the individual. This information in speech 
is governed by a set of shared expectations that the individuals have about how to 
communicate, that is, this information is governed by their shared language. 

Most striking in a perusal of the volumes of abstracts from the ASA meetings over 
the past 20 years is the large number of contributions examining one particular 
problem in speech acoustics, second language acquisition (SLA). As SLA research 
has grown, we have found that the act of speaking is a remarkable feat of motor 
control. Most speakers are virtuosos in playing the complex scores dictated by our 
languages, performing rapidly and apparently effortlessly the exacting dictates of 
many small gestures of the tongue, lips, and larynx. In light of this, multilingualism 
is even more surprising. It is surprising that individuals can perform these feats of 
motor control at will and according to the dictates of two different systems of en-
coding. They have two, very similar sets of skills for rapidly encoding intents that 
are tailored to different sets of expectations by different language communities. 

This article presents some of what has been learned about speech and language 
through cases in which an individual is not entirely successful at encoding speech 
in one language because that language was learned later in life and skills were tai-
lored according to the criteria of another language. This variance from what a lan-
guage group expects goes by a name, foreign accent. One other thing to note from 

 Kenneth J. de Jong
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the outset is that the foreign accent views the speech signal 
from the point of view of the listener. A point that is high-
lighted in this article is just how stringent listeners are; they 
are oft en very good at detecting a foreign accent. 

Foreign Accent Perception: 
The Devil Is in the Details?
Traditional research on speech over the last two centuries 
usually reduces the complexity of the speaking and listening 
processes by heavily simplifying the speech signal, suppress-
ing much of the information available in the signal. Tradi-
tionally, we viewed the signal at the level an alphabetic code 
similar to western writing systems. Th is tradition is so per-
vasive that disciplines related to language and speech science 
have developed a standard writing system, the International 
Phonetic Alphabet. Th is written form of speech strips away 
a lot of information from the signal. It does so through the 
process of categorizing bits of the signal into a fairly small 
number of consonants and vowels. 

However, research on perceiving the speech of nonnative 
speakers amply shows that a language’s dictates concerning 
what a speaker is expected to do is much more fi nely grained 
and exacting than a representation by transcription would 
lead one to believe. Nonnative speakers who are very pro-
fi cient may, in good listening conditions, produce the basic 
consonant and vowel categories of a language well enough to 
convey most of the words in a language. But even so, there is 
much in the speech signal that is easily detectable by listen-
ers who are native to the community of the language as be-
ing diff erent from what is typical of other (native) speakers. 
Detecting this is termed perceiving a foreign accent, and it 
turns out that there is a lot of information in the speech sig-
nal of the nonnative speaker that can lead listeners to believe 
that an individual is not a native speaker of the language. 

A most striking demonstration of just how picky our expec-
tations for native speech can be was presented at the Miami 
meeting of the ASA in 2008. Park et al. (2008) reported 
highlights of a series of perceptual experiments aimed at de-
termining the locus of information that indicates that a par-
ticular speaker is someone having grown up in Korea (re-
ported in detail in Park, 2008). Th e logic of the experiments 
was to present various portions of speech with a variety of 
consonants and vowel combinations, thereby controlling 
the specifi c linguistic information available to the listeners. 
On one extreme were clips with fairly complicated two-syl-
lable words, such as “blanket,” “breakfast,” and “razor,” giv-
ing many opportunities for speakers to diverge from native 

productions. Other productions were shorter, progressing 
down to specifi c syllables with various combinations of con-
sonants. On the far extreme were productions of just the 
vowel “ah” ([α], the vowel in the word “pot”). Each speaker 
just produced the vowel by itself. Th ese isolated vowel pro-
ductions were included to fi nd a minimal case where the na-
tive and nonnative speakers converged to be indistinguish-
able. Th en, by comparing diff erent added speech segments, 
Park (2008) sought to determine which segments were con-
tributing most to the perception of a foreign accent. 

Surprisingly, the perceptual responses showed that the na-
tive and nonnative productions, even for these isolated vow-
els, were distinguishable. 

Th ese results are explicated in Figure 1, which presents 
measures of discriminability for diff erent types of speech. 
Park treated the perception of a foreign accent as a signal-
detection task like the classic signal-monitoring tasks from 
the early 1950s. See MacMillan and Creelman (2005) for 
an extensive treatment of how to measure performance in 
such tasks. Here, the assumption is that a person’s nonnative 
origin is encoded as information embedded in the speech 
signal and that the listener’s task is to detect the presence of 
that information. Th e standard measure for such tasks is d', 
a statistic that evaluates the amount of errors the listeners 
make, errors in missing the fact that the speaker is nonna-
tive and errors in falsely thinking that a native speaker is 
nonnative. Average d' values for the experiments are plotted 
in Figure 1. Values of d' of 0 would indicate that the listeners 
cannot detect the foreign accent. Values of d' for such things 
as native speakers identifying most consonants produced by 
native speakers in a quiet environment typically are above 2. 
Values around 1 indicate, generally, well above chance per-
formance, although not with extremely high accuracy rates. 

Not surprisingly, listeners were well above chance at detect-
ing the foreign accent with the two-syllable words. With the 
one-syllable words, the accuracy rates were similar. What is 
most striking is that the estimates that speakers were non-
native never converged to the chance level. Even in the cases 
where the productions included just a single vowel spoken 
by itself, listeners could still detect some sort of accent in the 
productions at rates greater than chance. 

Various analyses following up on this result showed large dif-
ferences between the various listeners in their ability to de-
tect the accent in this vowel-only condition. Further analyses 
failed to reveal any obvious diff erences in measurements of 
the acoustics in these cases. Speech science has developed a 
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number of measurements to quantify many perceptually rel-
evant aspects of speech acoustics, especially those aspects that 
are known to distinguish words in various languages. Howev-
er, the level of informational detail indicating a foreign accent 
is at some fi ner-grained level than what is used to characterize 
phonetic behavior with our current instrumentation. 

One takeaway from these results might be that vowels are very 
important carriers of speech information, within which many 
very fi ne shadings of relevant information are available. For 
example, there is a common observation that vowel informa-
tion is heavily responsible for the diff erences between English 
dialects, leading to a well-developed tradition of comparing 
spectral vowel shapes between speakers of diff erent dialects 
to map out the geographic variation between the various dia-
lects. Th ere is very extensive research laying out vowel infor-
mation in a broad range of dialect research, including work 
published in Acoustics Today (Jacewicz and Fox, 2016) and 
in the enormous volume of material published in the Atlas of 
North American English (Labov et al., 2006). For more target-
ed research of this type, see Clopper et al. (2005).

However, this kind of fi ne detail is not just available in vow-
els. Flege (1984), in a classic article published in Th e Journal 
of the Acoustical Society of America, reported a series of ex-
periments on the perception of foreign accent in nonnative 
speakers of English living in Birmingham, Alabama. Th e na-
tive language of the speakers was French. Across the experi-
ments, Flege varied both the content of the speech itself and 
the experience level of the listeners. 

In the fi rst experiment, Flege (1984) began by having pho-
netically trained listeners with experience in French listen-
ing to entire phrases. Here, he found very high rates of ac-
curacy. Th rough four experiments, Flege progressively used 
listeners with less training and presented shorter and shorter 
bits of speech to these listeners. In the last experiment, he 
collected phonetically untrained undergraduate students 
without extensive French experience and presented to them 
just the burst release from the consonant /t/. 

Figure 3. A spectrographic representation of a native produc-
tion of the phrase “Two Little Boys.” Solid red lines, portion 
of the spectral image associated with the text at the top; dashed 
cursors and the three lines of text at the bottom, the three stim-
ulus types that yielded the accent perception rates given in Fig-
ure 2, the largest being the phrase, the next being the syllable, 
and the fi nal type being just the fi rst 30 ms of the production. 

Figure 2. Proportion of time a stimulus was identifi ed as being 
produced by a nonnative speaker in four of the experiments 
reported in Flege (1984).

Figure 1. D' estimates for native listeners detecting whether 
diff erent kinds of speech samples were produced by a nonnative 
speaker. Th e speech samples were produced by English speak-
ers from the United States and nonnative speakers from Korea. 
Data from Park (2008). 
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Figure 2 plots how often listeners identified nonnative speak-
ers as nonnative speakers (blue line), and native speakers 
(erroneously) as nonnative speakers (red line). As shown in 
Figure 2, accent detection rates were very high with stimuli 
including phrases, where there are many different opportu-
nities for speakers to diverge from native productions. How-
ever, in the final condition (rightmost circles), just a portion 
of one consonant (the stop burst) was still enough to enable 
listeners to separate native from nonnative speech. 

To appreciate just how impoverished the stimuli were, see 
Figure 3 that illustrates the sequence of stimuli with spectro-
graphic images of a native production of one of the phrases 
used, “Two Little Boys.” The main frame in Figure 3 contains 
the complex spectral patterning of an entire phrase. The 
second and third experiments presented stimuli such as the 
word two, the high-frequency noise of the initial /t/ along 
with the lower frequency complex of the following vowel be-
tween the leftmost and the third red cursor in the panel. In 
the last experiment, as marked off in Figure 3, two leftmost 
vertical, dashed red lines, the listeners heard just the 30-ms 
bit at the very beginning. This bit contains a portion of what 
is called a burst release, which is the noise associated with 
the small puff of air that occurs when speakers open their 
mouths in the production of some consonants such as /t/. 
Acoustically, this is a short, noisy transient not more than 
30 ms in duration. The foreign accent detection rates, even 
in this extraordinarily impoverished condition, were well 
above chance (see the difference between the rightmost red 
and blue circles in Figure 2). 

The overall point of these research findings is obvious. If you 
want to produce speech in a new language that is indistin-
guishable from that of native speakers, you have to set a very 
high standard. There are very tight criteria involved, not just 
with the production of each vowel but also with the produc-
tion of many aspects of the consonants. Listeners are very ac-
customed to the speech of their community, and even very 
small divergences from this speech can be detected by the lis-
teners. Also, while not all speech sounds necessarily exhibit 
appreciable divergences across languages, a good many do, 
and research on foreign accent has detected many such cases. 
Where the limits of detectable foreign accent lie, in terms of 
individual speech sounds, still has not been fully determined. 

Problems of a Higher Order
Even as discouraging as this might be for a language learn-
er, learning to produce second language speech is actually 
even more difficult. Differences between languages not only 

are found in the consonant and vowel pieces that make up 
speech but also in the higher order structure of the speech. 
Speech is not just a string of individual acoustical letters but 
involves the whole orchestration of these bits into the larger 
complex signal. Foreign-accented speech, then, also involves 
the dynamics of the acoustical patterns that arise in the se-
quencing of consonants and vowels. 

To illustrate this point, I turn away from studies specifically of 
foreign accent detection to work that has been done on intelli-
gibility. Intelligibility refers to measures of how likely a person 
is able to identify what a person is saying in a recording. 

A particularly striking example of this problem of higher-
order organization in second languages was demonstrated 
by a sophisticated study of the effects of dynamic modula-
tions in nonnative speech on intelligibility by Tajima et al. 
(1997). Tajima et al. were puzzling through on how to deal 
with the fact that speech patterns unfold in time in many 
ways. The speech signal does not have a fixed timing pat-
tern, but timing is modulated by many well-known factors. 
In the process, they worked with a technique called dynamic 
time warping, a technique whereby one could take two re-
lated acoustic signals with different timing patterns and de-
termine a mapping between them. See, e.g., Rabiner et al. 
(1978) for an early speech foray into dynamic time warp-
ing. From this mapping, using various computational tech-
niques, one can hybridize the two signals into one with the 
spectral patterns from one signal and the timing patterns 
from the other signal. 

This mapping pattern from one production to another is 
illustrated in Figure 4, which is an example from Tajima 
et al. (1997). The spectral images here have the durational 
patterns of two productions of the phrase “shelled egg,” a 
foreign-accented production at the top and an unaccented 
one at the bottom. Tajima et al. took the timing pattern from 
nonnative Chinese productions of this and other English 
sentences and hybridized them with the spectral patterns 
of native productions of the same sentence. The outcome of 
this process, then, had the spectral properties of the native 
speech but the timing patterns of the nonnative speech. He 
then presented these hybridized recordings to native English 
listeners with various levels of masking noise and had them 
write down what they thought the person was saying. The 
logic of the study was to determine the effect of nonnative 
timing patterns on intelligibility. As a parallel test, he also 
took the timing patterns of native productions and hybrid-
ized them with the spectral properties of nonnative produc-
tions, thereby “correcting” the nonnative timing patterns. 

Foreign Accent
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The intelligibility evaluation scores, shown in Figure 5, tell 
the story of the effect of the hybridization. Native produc-
tions with native timing patterns (top left red circle) yielded 
intelligibility estimates around 90%, and nonnative produc-
tions with nonnative timing patterns were much less intel-
ligible, about 40% (bottom right blue circle). Once these 
timing patterns were artificially corrected, the speech of the 
hybrid nonnative speech with the “corrections” from the na-
tive speech was substantially more intelligible, rising almost 
20%. These intelligibility offsets went in both directions 
so that native speech, with almost 90% phrase accuracy in 
noise, lost nearly 10% when hybridized with the timing pat-
terns of the nonnative speaker. 

The point of these results is fairly clear: there is more to speak-
ing the second language as a native than just getting the in-
dividual consonant and vowel qualities right. The whole en-
semble of consonants and vowels needs to be executed with 
the right timing patterns to be treated as native speech. 

A closer look at Tajima et al.’s (1997) results suggests how 
disastrously unintelligible accented speech can be when the 
speech occurs with background noise. (The data from Fig-
ure 5 were obtained by embedding the speech with a −5-dB 
noise masking.) It also points out a particularly troublesome 
locus for the listeners’ errors, pointing to yet another aspect 
of different languages that presents a challenge to the non-
native speaker. Many of the most troublesome errors oc-
curred in cases in which the hybridization process had to 
either add or delete an acoustical segment completely. For 
example, as illustrated in Figure 4, one of the phrases was 
“shelled egg,” in which the native speakers neatly run the fi-
nal ‘d’ in “shelled” into the vowel at the beginning of “egg.” 
Chinese native speakers, by contrast, produced a very robust 
consonant release for the ‘d’ in “shelled.” This nonnative pro-
duction was heard by listeners as various things, including 
the phrase “shall I ask?” Although the intended form only 
has two syllables, “shelled” and “egg,” the perceived form 
ended up with three syllables: one, apparently the “I” cor-
responding to the strong release of the ‘d’ consonant. There 
were quite a number of these sorts of errors, including, for 
example, the intended “limit contour” being heard as “leave 
it on the counter,” with “on” corresponding to the release of 
the ‘t’ in “limit” and the intended “change color” being heard 
as “twenty caller,” with the ‘ty’ on “twenty” corresponding to 
the ‘ge’ on “change.” 

The reason for this heavy releasing effect seems to be related 
to the possible sequences of sounds in Mandarin Chinese 
and English. English allows words to end with consonants, 
such as the last one in “limit” and “change,” but Mandarin 

Figure 4. Spectrographic images of two productions of the 
phrase “shelled egg,” patterned after productions examined in 
Tajima et al. (1997). Top: duration patterns from a nonnative 
speaker of Mandarin Chinese; bottom: duration patterns from 
a native speaker of American English. Angled lines, portions 
of the spectral images associated with the text at the bottom; 
red lines, mapping of timing patterns between the two produc-
tions, by connecting parallel segments; blue lines, “extra” seg-
ments in the nonnative productions, where there is a strong, 
vowel-like release to the last consonant in “shelled” and “egg.” 

Figure 5. Estimates of intelligibility for native speakers of 
Mandarin and of English, with timing patterns imprinted 
from matched English and Mandarin productions. Data from 
Tajima et al. (1997).
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does not. Different languages allow different sequences. 
Some languages, such as Japanese, are extraordinarily re-
strictive, traditionally allowing only words with a single con-
sonant at the beginning (with some consonants requiring an 
additional vowel-like articulation such as ‘ky’ /kj/) and no 
consonants except, possibly, a nasal segment such as ‘m’ or 
‘n’ at the end. This differs from English, which also allows 
consonants to combine into some fairly complex clusters, 
both at the beginning, such as in the word “spline” beginning 
with /spl/, and at the end, as in the word “sixths” ending with 
/ksθs/. Actually though, even with these allowances, English 
is not all that extreme in the proliferation of consonant clus-
ters. Languages from around the globe, such as Georgian (a 
language of the Caucasus Mountains), Berber (a language of 
North Africa), and Nuxálk (a language of the North Ameri-
can Pacific Northwest) regularly exhibit much larger conso-
nant sequences, allowing extraordinarily long sequences of 
6, e.g., Georgian                    (meaning “peeling”), or even more 
consonants, such as the commonly cited 12-segment Nuxálk 
word                                       (meaning “He had had in his pos-
session a bunchberry plant”), which is made up entirely of 
consonants. 

As can be readily imagined, these sequencing differences cre-
ate many problems for speakers of a language like Japanese 
learning to speak a language such as English (or an English 
speaker learning Nuxálk!). Not only do the various speech ac-
tions have to become coordinated with one another but also 
the combinations of actions themselves begin to take on as-
pects of the productions that characterize the combination 
as a whole. These sequencing difficulties are well researched. 
Excellent examples of this come from a wide range of studies 
on the particular problems created for learners whose native 
language is very restrictive of consonants following a vowel, 
such as Japanese, Korean, and Italian (a fact reflected in the 
fact that the word “Italian” could not appear in Italian without 
a final o). 

In these cases, it is common for speakers of various languages 
to initially simply fail to produce a consonant with enough 
of an acoustic signature for listeners to hear it. Speakers with 
more experience tend to go in another direction, noticed by 
Tajima et al. (1997), of overarticulating the consonant, per-
haps to ensure its being heard. The outcome of doing this 
is the perception by native listeners of an additional vowel 
following the consonant, as was found pervasively in Tajima 
et al.’s study. As suggested in Tajima et al.’s study, these sorts 
of overproductions can actually be particularly harmful for 
intelligibility. Although one might get most of the consonant 

and vowel identities correct, the addition of perceived vow-
els can push a listener to add various endings on the word 
to account for the additional vowel or to add short function 
words such as “the” or “in.” This, in turn, can often force the 
interpretation of the misperceived word as in the wrong 
grammatical category, for example, hearing a noun as a verb, 
which will then force a completely different reading of the 
overall sentence to make sense of the location of the verb 
where a noun was intended. 

Applying the Criteria:  
What People Do with Accented Speech 
All of this sensitivity to variance in the language by listen-
ers is generally bad news if you are trying to communicate 
as a native speaker. There is, however, some good news in 
the SLA research on accent perception for learners. Various 
studies also show that although listeners often pick up on the 
deviation from the native patterns, listeners can, and often 
do, accommodate to someone who they think is a nonnative 
speaker. 

An interesting demonstration of this point was found in a 
study by Munro and Derwing (2001). Munro and Derwing 
were interested in understanding a very pervasive overall 
timing difference between nonnative and native speech. Na-
tive speech is typically spoken faster than nonnative speech. 
To study this, they developed a technique of digitally com-
pressing or stretching various portions of speech recordings 
to produce artificially faster or slower speech. They then 
used the artificially manipulated the speech to determine 
how people react to the fact that nonnative speakers are typi-
cally slower than native speakers. 

They presented the speech to listeners and asked them to eval-
uate the modified speech for nativeness. What they found is 
that not only are nonnative speakers slower in speed but also 
that native listeners then take the slower speech and evalu-
ate it as less native than faster speech. So this is similar to the 
studies just reviewed already; all aspects of nonnative speech, 
apparently, can cause listeners to identify it as nonnative, even 
something as global as the overall speed of production. 

However, there is a twist in Munro and Derwing’s (2001) 
results. They also found that speech that is unnaturally fast 
was also evaluated as less native, so listeners had a preferred 
speed of production somewhere in the middle. From these 
data, then, they could estimate an optimal rate of speed for 
making the speech most native-like, and this estimate had 
an interesting property. While being faster than the natural 

 
/prt͡ skvna/ 
 
 
 
 
 
/xɬpʼχʷɬtʰɬpʰɬːskʷʰt͡ sʼ/	
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/xɬpʼχʷɬtʰɬpʰɬːskʷʰt͡ sʼ/	
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speed of the nonnative speakers, it is still not as fast as that 
found in native speakers. That is, it appears that while non-
native speakers are generally slower than native speakers, to 
some extent, the listeners expect it and like it that way. 

This sort of higher level accommodation to nonnative 
speakers is quite pervasive, and, although it is not all be-
nign, it often can be quite helpful. A good example of this 
accommodation was found in another, very different sort of 
study of language learners. This study examined how learn-
ers of a second language can perform in expressing sarcasm. 
Alexander (2011) created a number of different role-play 
scenarios in which speakers would perform an individual 
apologizing for various reasons. She also devised a number 
of other scenarios in which the speakers would role-play an 
individual not apologizing, producing speech with markers 
of sarcasm. 

For example, in one scenario the speaker was put into a situ-
ation where there was an accident in which they spilled hot 
coffee on a conversation partner who was a stranger to them. 
In such a case, the clear expectation was that a person saying 
“I’m really sorry…” is actually apologizing for the accidental 
damage to the person of the interlocutor. In a contrasting 
scenario, the damage to the interlocutor is just a nontangible 
offense taken by a roommate for something that the speaker 
does not think is reasonably something to give offense. In 
this case, saying “I’m really sorry …” is not an actual apology, 
and the speakers were to convey this. 

Alexander (2011) then had both native American speak-
ers and nonnative speakers from Thailand, either living in 
Thailand or America, perform the role-play scenarios. In ad-
dition to analyzing the acoustics of the recordings of these 
sincere and sarcastic apologies, she took clips from the re-
cordings of individuals saying “I’m sorry” and the like, pre-
sented them to native listeners, and asked them to decide if 
the speaker was being sincere or sarcastic. 

Alexander (2011) used a similar statistical treatment as Park 
(2008), treating it as a signal-detection task. Here, the signal 
to be detected is an apology. The sarcastic apologies, then, 
are considered nonsignals which the listeners are to correct-
ly reject as a nonapology. 

Figure 6 plots the summary data from the study. The listeners 
exhibited d' values for the native productions that were above 
chance. Native speakers could detect the sincerity in these 
apologetic clips while rejecting the insincere apologies. Also, 
a second statistic (c; Figure 6, red circles) measures the degree 

to which the listeners were biased toward thinking all of the 
apologies were sincere or insincere. The values of c for the na-
tive speakers are very near zero, indicating very little response 
bias one way or another. This suggests that they were very ac-
curately tuned to pick up on the sarcasm of the responses. 

The nonnative speakers, however, did not fare so well; d' values 
were very near zero, indicating that listeners were very bad at 
being able to detect whether the nonnative speakers were try-
ing to be sincere or not. However, here there is a bright, silver 
lining to the cloud. Analyses of c indicate a very strong bias in 
the listeners toward saying that the nonnative listeners were 
sincere. That is to say, the listeners were strongly disposed to 
treat any apology, sincere or not, as sincere if the nonnative 
speaker produced it. Note that this was not the case with the 
native speakers, where the decisions were much more attuned 
to the marks of insincerity in the recordings. 

So, although there may be many demonstrations of people’s 
negative adjudication of foreign-accented speech, where 
there is detection that someone is a nonnative speaker, there 
is also, then, the possibility that a listener can explain di-
vergences from what is expected as being due the speaker 
being nonnative. It is part of how we make allowances for 
nonnative speakers. In the case of Alexander’s (2011) work, 
this appears to explain why native listeners were much more 
willing to take the nonnative apologies at face value. For 
nonnative speakers, this is probably a good thing; the pro-
duction differences due to our nonnative experience can and 
often are accounted for by the listeners. 

Figure 6. Blue line, d' values for native listeners of English detect-
ing whether an apology is sincere for different speaker groups; red 
line, measure of the degree to which responses are biased to one 
response (c).
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Conclusion
As an acoustical phenomenon, the speech signal is a remark-
ably rich and complex repository of information about an 
individual’s intent in speaking. But it is also fi lled with infor-
mation about the speaker. We are remarkable in our ability 
to perceptually evaluate this rich and complex repository, 
not only in decoding the complex messages that the speaker 
intended but also in evaluating the similarity of the speech 
patterning to our native community. In the case of nonna-
tive speakers, we oft en fi nd just how stringent the criteria 
for native-like speech is and thus how detailed the acoustic 
information relevant to us as humans is. 
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The New Age of Sound:  
How Bell Telephone Laboratories 
and Leopold Stokowski  
Modernized Music
A decade-long collaboration between Bell Telephone Laboratories and the 
conductor Leopold Stokowski laid the foundations for a vibrant future of 
artistry through sound recording.
 
On April 10, 1940, The New York Times ran the headline “Sound Waves ‘Rock’ 
Carnegie Hall…Tones Near Limit That the Human Ear Can Endure.” “The loudest 
musical sounds ever created crashed and echoed through venerable Carnegie Hall 
last night as a specially invited audience listened, spellbound, and at times not a 
little terrified,” read the paper (Anonymous, 1940, p. 25).

The evening before, the psychoacoustician and the Acoustical Society’s first presi-
dent Harvey Fletcher stood at a control panel in Carnegie Hall while recordings of 
the Philadelphia Orchestra playing under the direction of his long-time collabora-
tor, the avant-garde conductor Leopold Stokowski, were piped into the auditorium. 
They were demonstrating “enhanced” music, in which the dynamic range of the 
recordings had been drastically expanded during production for a dramatic effect 
that could literally bowl over an unprepared listener. At Stokowski’s command, the 
sound level shifted across a range of nearly 100 dB; at its loudest, the wall of sound 
emanating from three loudspeakers positioned on the stage was comparable to the 
output of 2,000 musicians. “When he wanted a stupefying volume of tone, that in 
Carnegie Hall seemed to shake the building, he got it instantly,” reported the Times. 

But the demonstration was not merely a show of power. Although the music was 
played through three enormous loudspeakers sheathed in a curtain of fabric, the 
performance sounded as if it were really happening on stage, with the bass coming 
from one side and the violins from another. This remarkable auditory illusion ste-
reophonic sound was the careful work of Fletcher and his team of engineers from 
Bell Telephone Laboratories.

How this collaboration between Fletcher, a pioneer of psychoacoustics, and one of 
the century’s greatest conductors came to be is no less fascinating than the sonic 
experiments they presented to an awed public. It is a story of big personalities and 
bigger ambitions, of grand plans for telephony and sound recording, and noth-
ing less than the future of music itself. It begins with a brash young organist who 
wouldn’t stay behind his instrument.

Bringing Up a Conductor
The son of a cabinet maker, Leopold Stokowski (Figure 1) was born in 1882 in 
inner-city London. At 13, he was admitted to the Royal College of Music, and 
at 16, he was elected to the Royal College of Organists (Chasins, 1979). By his 
midtwenties, Stokowski grew tired of his role as an organist and sought a coveted 
conductor position. Despite having absolutely no experience at the helm of an or-
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chestra, it was through the persistence of his well-connected 
future wife Olga Samaroff (née Lucy Mary Olga Agnes Hick-
enlooper; Figure 2) that he received an interview and soon 
an offer from the Cincinnati Symphony Orchestra in 1909. 
At that time, Samaroff ’s renown as a pianist far exceeded 
Stokowski’s reputation; she had produced her own concert 
debut at Carnegie Hall in 1905, which was followed by well-
advertised and attended tours in North America and Lon-
don (Samaroff Stokowski, 1939). Surely the weight of her 
recommendation must have provided some assurance to the 
Cincinnati Board as they gambled on their risky new hire.

Luckily for the Cincinnati Board, Stokowski was an immediate 
success. His style was bold and unmistakable; he favored the 
vigorous “free-bowing” technique, desynchronizing the strokes 
of the string players for a bigger, more textured sound and 
unforgettable visual effect (several videos illustrate Stokowski’s 
conducting style, e.g., Stravinsky’s Petrushka Suite, goo.gl/
vW9cyv; Bach’s Ein Feste Burg and Little Fugue in G minor, 
goo.gl/RTAUC5). It is especially insightful to watch Stokowski 
conduct during a rehearsal, orating his directions for tone and 
volume (goo.gl/gRZFPc). The public adored the young dynamo.

But Stokowski’s relationship with his supervisors grew tur-
bulent. Stokowski dreamed of growing the symphony; he 
wanted more concerts in more cities with more musicians. 
The board rebuffed him every time, and after several well-
publicized showdowns, Stokowski was released from his 
contract and he headed for Germany in 1912. Again, Olga fi-
nessed a new opportunity for Stokowski, whom she had mar-
ried the year before. On her way to meet him in Munich, Olga 
took a stopover in Philadelphia. There, she negotiated with the 
Philadelphia Orchestra and signed a contract on behalf of her 
husband, who was already overseas. He sent his acceptance by 
telegram. It was there, with the Philadelphia Orchestra, where 
Stokowski first became fascinated with recording technology.

Recording Enters the Electronic Age
In 1917, Stokowski and his players traveled by ferry to Cam-
den, New Jersey, to record two of Brahms’ Hungarian Dances 
for the Victor Talking Machine Company. Like most record-
ings before 1925, the method of sound capture involved 
no electronics or amplification (for a historical review, see 
Brock-Nannested, 2016). Acoustic horns shaped like fun-
nels captured and converted pressure waves in the room to 
mechanical energy driving a stylus, which etched a wax disc. 
The process had severe consequences for the sound qual-
ity; only very powerful, or very proximal, sound sources 
would make it clearly onto the final product, compromising 
dynamic range and balance. High-frequency sounds were 
severely attenuated, yielding recordings devoid of pleas-
ing harmonics and resonances. Unsurprisingly, Stokowski 
found the character of these recordings disappointing (in-
deed, the recordings have a tinny quality and the dynamic 
range is compressed by the presence of a persistent hiss; 
listen for yourself at goo.gl/549Gpc). Sixty years later, Sto-
kowski recalled, “It was not good. But I didn’t close my mind 

Figure 1. A portrait of young Leopold Stokowski dated March 
18, 1918. From the George Grantham Bain Collection, Library of 
Congress.

Figure 2. A portrait of 
the couple Leopold Sto-
kowski and Olga Sa-
maroff. Samaroff was 
a respected pianist who 
used her considerable 
influence to arrange Sto-
kowski’s first two con-
ducting positions. From 
the George Grantham 
Bain Collection, Library 
of Congress.
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to the idea of recording. I wanted to make it better… to proj-
ect music in the fullness of its eloquence to as many people 
as we can all over the world” (Gould, 2001). 

In 1925, Victor unrolled their electrical recording system 
and invited Stokowski and his symphony back to make the 
first orchestral recordings on the new technology. The new 
“orthophonic” recording system used condenser micro-
phones placed around the room instead of acoustic horns. 
The microphone and amplifier setup greatly expanded the 
upper limit of the frequencies that could be committed to the 
record from 2.5 Hz to 6 kHz (Bell Telephone Laboratories, 
1946). Even better, the orchestra could play in their regular 
positions instead of clustered around the horns. Although 
the system was still prone to “surface noise,” an artifactual, 
persistent hiss in the 3- to 5-kHz range, the orthophonic sys-
tem was a quantum leap beyond the old acoustic method. 

Stokowski was spellbound. The American music critic Roland 
Gelatt (1977, pp. 253-256) recalled that the young conductor 
was “not content merely to conduct and leave all else to the en-
gineers. Microphone placement, the seating arrangement of 
his orchestra, sound reflectors, monitoring panels—the entire 
paraphernalia of recording intrigued him.” It was a fuss for 
the engineers but a watershed moment in his artistry. Just as 
he had “Stokowski-ized” (to use the parlance of his sometimes 
detractor Toscanini) so many concertos and sonatas, so too 
would he leave his mark on electronic recording.

Bell Telephone Laboratories Targets  
the Music Industry
In 1928, while Leopold Stokowski was enjoying a meteoric 
ascent in the classical world, the physicist Harvey Fletcher 
established himself as the director of acoustics research at 
Bell Telephone Laboratories (Fletcher, 1992). Fletcher, the 
son of a pioneer who had walked from Missouri to Utah be-
hind a canvas wagon, completed his doctoral work in phys-
ics under the auspices of Robert Millikan, who won the 1923 
Nobel Prize for work related to Fletcher’s dissertation on 
measuring the charge of electrons. After joining Bell Tele-
phone Laboratories, Fletcher’s collaborator on acoustics re-
search died suddenly, leaving him in charge of an endless ex-
perimental to-do list (Knudsen and King, 1964). The aim of 
the project was to develop telephone technology that would 
make a remote talker seem only a meter away, and to do so, 
Fletcher became a pioneer of psychoacoustics. He set about 
relating the physical correlates of sound to perceptual cor-
relates, like loudness and intelligibility, through systematic 
study. After several years, it was clear that the illusion of total 

immersion in an acoustic environment couldn’t be accom-
plished with a single microphone, so he began investigating 
stereophonic, or binaural, recording. 

The Bell Telephone Laboratories Director of Research (and 
vacuum tube innovator) Harold D. Arnold sensed an oppor-
tunity; if Fletcher’s work could inform the development of 
technology for speech transmission, so too could it lay the 
groundwork for high-quality recording and reproduction 
of music. It was one thing to measure the frequencies and 
sound level changes found in music, which Fletcher had al-
ready begun to investigate; it was another to understand how 
distortion changed the aesthetic and perceptual qualities of 
music. The scholar Robert McGinn (1983) proposed that the 
interest was threefold. First, Arnold anticipated that radio 
stations would eventually begin broadcasting a greater range 
of frequencies and volumes, and he wanted Bell Telephone 
Laboratories to be prepared with the necessary changes in 
sound recording and transmission circuitry. Second, he was 
willing to bet that higher quality music would find a market 
in consumers. If radio never caught up to transmitting a suf-
ficiently rich signal, then music could be distributed by wire. 
Third, Arnold saw it as a chance to spread the enjoyment of 
music and culture to the masses, a cause no less weighty than 
the others in his eyes. 

To study the technology of music recording and transmis-
sion, the laboratory would need access to a skilled profes-
sional orchestra; that way, the subjective experiences of lis-
teners would be determined by the technical aspects of the 
experiment and not the quality of the musicianship. Arnold 
arranged for several prominent musical directors, including 
Stokowski, to tour the laboratories. A few weeks after the vis-
it, Stokowski headed to a performance in Europe with a copy 
of Fletcher’s Speech and Hearing in tow for the long boat ride. 

Stokowski and the Scientists
Nearly a year after his first visit and a few days after a dis-
appointing live broadcast on NBC radio marred by poor 
sound quality, Stokowski wrote to Arnold and Fletcher. 
Although Stokowski was much maligned by his critics for 
being an egotist first and a musician second, he may not 
have entirely disagreed. “I always want to be first. I’m what’s 
known as egocentric,” he once said (Stokowski, 1943, p.189). 
Robert McGinn proposed that he was motivated by higher 
principles to reach out to the Bell Telephone Laboratories 
group. “If this hypothesis is valid, Stokowski’s overture to 
and collaboration with Bell Telephone Laboratories should 
be understood in the context of his dissatisfaction with the 
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sonic quality of existing radio broadcasting and records, not 
as merely another attempt to gratify his insatiable ego” (Mc-
Ginn, 1983, p. 47).

Stokowski invited the researchers to set up shop at the Amer-
ican Academy of Music where rehearsals were held, and the 
Bell Telephone Laboratories team accepted. Amplifiers and 
elaborate circuits moved from Murray Hill, New Jersey, into 
the Academy in Philadelphia. Soon, Harvey Fletcher was 
conducting listening tests and Stokowski was helping him 
position the condenser microphones around the room to 
find their optimal locations for a binaural recording. “Lis-
tening monaurally gives me the sensation of the music being 
choked and crushed together,” opined Stokowski. “Binaural-
ly, the music sounds free” (Fantel, 1981, p. TG25).

Nearly every rehearsal in the 1931-1932 season was captured 
on a record. But these were no ordinary recordings. Arthur 
C. Keller, part of Halsey Frederick’s group at Bell Telephone 
Laboratories that was investigating how to reduce the “sur-
face noise” on traditional records, had recently created a new 
kind of moving coil stylus for cutting grooves into disks. 
It was made of sapphire, and instead of moving from side 
to side along the surface of a disc as it etched, it cut verti-
cally. This drastically reduced the amount of wear and tear 
on the disc as it played and kept the phonograph needle on 
track (Keller and Rafuse, 1938). Several of the records had 
dual tracks etched by parallel styluses, and in 1979, when 
the original recordings were unboxed and shared with the 
public in a limited release, it was discovered that these two 
tracks were, in fact,  stereophonic recordings made from two 
separate microphones in the practice room (McGinn, 1983). 
The spectral fidelity and dynamic range of these experimen-
tal records were so unparalleled for their time, and it was 
nearly three decades before consumer technology caught up 
to Arthur Keller’s invention (many of the original recordings 
can be found online at bit.ly/2kTHfza). In the view of elec-
tronics columnist Hans Fantel, these records were not only 
the clearest of their time but served as a defining benchmark 
for all future recordings. “It was in the course of this project 
that the precise attributes and definitions of fidelity in sound 
reproduction were first formulated” (Fantel, 1982, p. D23). 

Just as the engineers sojourned into the daily lives of pro-
fessional musicians, Stokowski ventured into the realm of 
scientists. For him, the amplifiers and microphones that 
crowded the auditorium were more than foreign visitors. 
They were the future of nothing less than musical expression 
and emotion. At the 1932 meeting of the Acoustical Society 

of America, Stokowski gave an extemporaneous address to 
the assembled crowd of physicists, psychologists, and engi-
neers (Stokowski, 1932). 

What are we trying to do? We who are dealing in sound. The 
ultimate aim is to send, to project, the finest quality of music 
that we can to as many people in the world. We have to find 
the means to do that. At present, they are imperfect and lim-
ited, but as we work new horizons, new possibilities, open up 

before our eyes (Stokowski, 1932, p. 11).

Perfecting the technology to capture sound, with all its color 
and liveliness, was only part of the plan. In his speech, Sto-
kowski described the technology that would decades later 
propel Milli Vanilli to infamy. 

What if performers only looked as if they were singing, when 
other, more talented musicians were supplying the audio? 

Now, if we divorce those two, if we find the best elements of 
sound, the best singers….and give you that, by wired trans-
mission as ideally as we can, if we separately find actors and 
actresses…if we synchronize these two groups the problem 

will be solved (Stokowski, 1932, p. 12).

Stokowski also foresaw that electronics gave the composer 
godlike control over sound. 

For example, in the electrical instruments we now have 
we are able to intensify any harmonic we wish, to give any 

timbre. That was not possible in the old instruments. That is 
one possibility. But there is another. Instead of taking those 

concentric harmonics above the fundamental, we can take ec-
centric sounds above the fundamental and intensify those in 
various degrees so that we shall be able to create an entirely 

new timbre (Stokowski, 1932, p. 13).

Now that sound was a signal to be manipulated, a medium 
to be sculpted, the highs could be higher, the lows lower, and 
the crescendos more thunderous than an orchestra of hun-
dreds. Purposeful distortion liberated the creator. Listeners 
would reap these strange fruits, ushered into a new sonic age. 

Experiments at the Academy of Music
During the 1931-1932 season at the Academy of Music, the 
Bell Telephone Laboratories team conducted exploratory re-
search that solidified the foundations for Stokowski’s vision. 
Harvey Fletcher, Arthur Keller, and a team of engineers, 
including Edward Wente, inventor of the condenser micro-
phone, and Herman Affel, coinventor of the modern coaxial 
cable, made efficient use of their residency in Philadelphia. 
The main findings from this period on auditory perspective 
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and the physical characteristics of orchestral music were 
published in a symposium of six papers in Transactions of 
the American Institute of Electrical Engineers (Affel et al., 
1934; Bedell and Kerney, 1934; Fletcher, 1934; Scriven, 1934; 
Steinberg and Snow, 1934; Wente and Thuras, 1934; also see 
Jewett, 1933 for an overview).

To understand the requirements of any system that would re-
produce the sounds of an orchestra in high fidelity, the Bell 
Telephone Laboratories team quantified the frequency trans-
mission range needed to produce the sounds of each instru-
ment in the symphonic orchestra without noticeable distor-
tion to a skilled listener. The thin, wispy quality of a piccolo 
survived recording and playback so long as frequencies in the 
range of 500 to 10,000 Hz were preserved, but the pure sound 
of a violin required a wider bandwidth ranging from 40 to 
13,000 Hz to transmit. This range was perhaps surprisingly 
broad; consider that the typical range of notes a violin can 
produce spans from 196 to 2,637 Hz (for more about violin 
acoustics, see Gough, 2016) . Of course, Fletcher’s team had 
the insight that clear reproduction of music wasn’t simply a 
matter of matching the highest and lowest notes that could 
be played from an instrument. Whenever a sound changed 
quickly, a theoretically infinitely wide bandwidth would be 
needed to convey that transition faithfully. Thus, the range of 
sounds that should be recorded and transmitted by an ideal 
system should match the human ear and not be tailored to the 
sounds that need to be reproduced (Fletcher, 1934). However, 
although those with normal hearing can, in theory, detect 
pure tones from 20 to 20,000 Hz, Fletcher reasoned that the 
extreme limits were not critical to preserve for his purposes: 
“In music these frequencies usually are at such low intensities 
that the elimination of frequencies below 40 cps and above 
15,000 cps produces no detectable difference in the reproduc-
tion of symphonic music” (Fletcher, 1934, p. 10).

With the same systematic approach, the researchers tackled 
the question of amplitude: what range of power must a sys-
tem for reproducing orchestral music have to sound lifelike? 
Fletcher reported that “if this discussion were limited to the 
type of symphonic music that now is produced by large or-
chestras,” a dynamic range of 70 dB would suffice (Fletcher, 
1934, p.10). But he recognized that this limit was not imposed 
by any fundamental quality of music but more practically by 
“the capacities of the musical instruments now available and 
the man power that conveniently can be grouped together un-
der one conductor.” Fletcher marveled at how the early pro-
totypes of the Bell Telephone Laboratories engineers, which 
could both amplify and attenuate sound in recordings, en-

abled the Philadelphia Orchestra to surpass these technologi-
cal barriers with aesthetically pleasing results.

As soon as a system was built that was capable of handling a 
much wider range, the musicians immediately took advan-
tage of it to produce certain effects that they previously had 
tried to obtain with the orchestra alone, but without success 
because of the limited power of the instruments themselves 

(Fletcher, 1934, p. 10).

The Bell Telephone Laboratories researchers were also busy 
characterizing the physical requirements necessary for audi-
tory perspective. They recognized two ways to produce this 
effect. One method involved head receivers, in which a dum-
my head with two microphones positioned by the ears re-
corded right- and left-hand audio tracks that could be played 
back to the listener over headphones. Fletcher and his col-
leagues Snow and Hammer had worked extensively on this 
method of mannequin recording and had constructed “Os-
car,” a department store mannequin with microphones in 
either cheek (for a review, see Paul, 2009) for both scientific 
study and demonstrations to the public (Figure 3). Indeed, 
Oscar was present in the audience at several of the Philadel-
phia Orchestra rehearsals (Hammer and Snow, 1932)! 

Figure 3. “Oscar,” a mannequin used for binaural recording 
experiments by Bell Telephone Laboratories personnel. Oscar 
was present for recording experiments during the 1931-1932 
season at the Academy of Music. Reprinted from Rankovic and 
Allen (2009).
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The other method of producing auditory perspective used 
loudspeakers. To reproduce the experience of listening to 
music in an auditorium at some distant room, the problem 
is one of producing an exact duplication of the pattern of vi-
brations in the air at the recording site at every correspond-
ing point in the receiving site (Fletcher, 1934). This idea be-
comes more complicated when the recording and receiving 
room shapes do not align well, but it provided a theoretical 
framework in which to pose the problem. 

This line of research involving loudspeakers occupied the 
researchers during their residency in Philadelphia. In one 
perceptual study, the engineers Steinberg and Snow asked 
how many microphones and loudspeakers were necessary 
for a percept of auditory perspective. Using one of the rooms 
at the Academy of Music, microphones were set up at the 
left, center, and right sides of the stage and hidden behind a 
curtain. Words were uttered from various positions on the 
stage, and naive participants indicated where they thought 
the talker was located. The best performance came from a 
three-speaker setup, where each of the left, center, and right 
microphone inputs were played through a separate loud-
speaker (Steinberg and Snow, 1934). This gave reasonable 
lateral and depth localization, although the accuracy of the 
participant’s guesses was far from perfect. Interestingly, 
whenever the quality of the left and right transmissions was 
mismatched, listeners showed a pronounced bias toward the 
most natural side, apparently weighting the cues provided by 
level differences in accordance with the perceived reliability 
of the source. Steinberg and Snow’s (1934, p. 17) summary 
of this experiment shows a practical attitude toward their 
findings, “The application of acoustic perspective to orches-
tral reproduction in large auditoriums gives more satisfac-
tory performance than probably would be suggested by the 
foregoing discussions.” In other words, this will do the trick. 

The Grand Unveiling of  
Stereophonic Sound
On the evening of April 27, 1933, Harvey Fletcher welcomed 
a distinguished crowd at Constitution Hall in Washington, 
DC. Under the auspices of the National Academy of Sci-
ences, an audience of presidential advisors, senators, and 
congressional representatives gathered for a musical per-
formance. On the stage were three loudspeakers. Stokowski 
was stationed at a control panel in the hall (Figure 4). His 
musicians remained in their rehearsal room in Philadelphia 
awaiting their cue.

In the first act of the show, the audience listened to a scene 
wired from Pennsylvania to Washington. On the left-hand 
side of the stage in Philadelphia, a handyman constructed 
a box with a hammer and saw. From the far right, another 
worker proffered suggestions to his friend. “So realistic was 
the effect that to the audience the act seemed to be taking 
place on the stage before them. Not only were the sounds 
of sawing, hammering, and talking faithfully reproduced, 
but the auditory perspective enabled the listeners to place 
each sound in its proper positions, and to follow the move-
ments of the actors by their footsteps and voices,” wrote an 
observer (Fletcher, 1992, p. 184). Next, a soprano sang Com-
ing Through the Rye as she weaved across the stage in Phila-
delphia. At Constitution Hall, the phantom of her voice “ap-
peared to be strolling on the stage” (Fletcher, 1992, p. 184).

The show ended with an unforgettable duel in the dark be-
tween two trumpet players separated by more than a hun-
dred miles. The two traded licks from their opposite posts 
in Constitution Hall and the Academy of Music in Philadel-
phia. But the audience was none the wiser. “To those in the 
audience there seemed to be a trumpet player at each side 
of the stage before them. It was not until after the stage was 
lighted that they realized only one of the trumpet players 
was there in person” (Fletcher, 1992, p.184). The crowd was 
left in awe. 

This was not simply a show of tricks. It was the grand pub-
lic unveiling of Fletcher’s ambitious and laborious project, 

Figure 4. Leopold Stokowski (left) and Harvey Fletcher 
(right) at Constitution Hall in Washington, DC, on the eve-
ning of their wire transmission demonstration. From the Bell 
Telephone Laboratories Archive.
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stereophonic sound. To calibrate the positions of the micro-
phones in Philadelphia and the setup of the loudspeaker ar-
ray in Washington had taken months. Much of the theory of 
auditory perspective was in place, but the execution required 
plenty of improvisation and trial and error. Originally, there 
were meant to be nine speakers on the stage in a three-by-
three array, creating a “sheet of sound.” But Fletcher and his 
engineers realized that only three horizontal speakers would 
be necessary. In an interview, he recalled, “Well, we were just 
dumb enough not to realize that on stage people don’t jump 
up and down… for something like Hamlet’s ghost, it would 
be alright to have the speakers run up and down. That’s 
about all there was to that” (Knudsen and King, 1964). 

The loudspeakers themselves were a special invention. Based 
on a study during the rehearsal season by the engineers 
Wente and Thuras (1934), the loudspeakers were designed 
to have one enormous drum for transmitting low-frequency 
sounds with two high-frequency horns sitting atop it. This 
was inspired by Wente and Thuras’ finding that low-frequen-
cy sounds were less spatially directed than high-frequency 
sounds, and thus a natural compromise in the reproduction 
system could be reached by allowing the two registers to be 
transmitted differently. 

The transmission system was a technical marvel as well. Al-
though the music was ethereal to the audience, the signal 
bearing the recording of the Philadelphia Orchestra traveled 
like water through a pipe down the East Coast. Engineer-
ing a transmission system that could handle the frequency 
and amplitude range of the orchestra, without introduc-
ing substantial distortion and maintaining a flat frequency 
response function, was no simple feat. Several challenges 
stood in the way. First, the ordinary circuits for telephone 
transmission typically limited signals to 200-3,000 Hz and 
typically limited the volume range to no more than 30 dB. 
This was handled by modulating the frequencies of the or-
chestral recording up, from 40-15,000 Hz to 25,000-40,000 
Hz, and transmitting the high-frequency currents through 
3 channels in an all-underground cable with repeaters ev-
ery 25 miles (Affel et al., 1934). The signal was demodulated 
back to its original frequency range in Washington. The fre-
quency shift was used to prevent cross talk with other chan-
nels on the cable, which were usually transmitted at lower 
frequencies. Repeaters, equipped with equalizers to pre-
vent unintentional attenuation of certain frequencies, kept 
the signal from losing power as it traveled more than 100 
miles. Because the transmission involved higher frequencies 
than typical phone calls, more repeater stations than usual 

were in play that night: stations at the towns of Holly Oak, 
Delaware, and Elkton, Abingdon, Baltimore, and Laurel, 
Maryland, bridged the gap between Philadelphia and Wash-
ington. For this purpose, two temporary huts to house the 
repeaters and their power supplies had to be constructed at 
Abingdon and Laurel. 

Amid this demonstration of technological prowess, some-
thing fundamental about psychophysics was also shown. 
Whatever the audience’s psychological experience of the 
concert—wonder, shock, distaste, or pleasure—they were 
responding to a stimulus that was as real and plastic to the 
engineers and Stokowski as clay to a sculptor. The medium 
of music was no mere incident to its enjoyment but an in-
separable and defining part. 

The Enduring Legacy of the Collaboration
The collaboration between Bell Telephone Laboratories and 
Leopold Stokowski lasted until 1940, spanning nearly a de-
cade and bringing many demonstrations of stereophonic and 
enhanced sound to the public, including the one The New 
York Times deemed the loudest show of all time. Stokowski 
began splitting off when he was approached by Walt Disney 
to conduct the epic score of the movie Fantasia. Originally, 
Disney intended to contract Bell Telephone Laboratories to 
engineer stereophonic recording for the film to give the illu-
sion of instruments following characters across the screen, 
but the laboratory leadership declined to accept a commer-
cial contract. The work instead went to a team at RCA, who 
leveraged much of the groundwork laid by Fletcher and his 
associates to build the “Fantasound” system. If you watch 
Fantasia, the silhouetted conductor who shakes hands with 
Mickey Mouse is none other than Stokowski (listen to the 
remastered soundtrack, conducted in its entirety by Sto-
kowski, goo.gl/nV44pu; Stokowski talks to Mickey Mouse, 
goo.gl/bSaofa). 

While Stokowski was expanding his cultural influence, 
Fletcher continued his influential work in psychoacoustics 
and eventually became a professor at Brigham Young Uni-
versity. His lifelong career in research has been renowned 
for establishing the cornerstone methods of communica-
tion science (Allen, 1996), and his contributions to the mu-
sic industry were recognized with a posthumous Technical 
Grammy awarded in 2016 (goo.gl/8B35MG). 

That Harvey Fletcher and Stokowski became partners in 
a joint expedition for nearly 10 years is almost surprising 
considering their enormously different temperaments: the 
notoriously impassioned conductor with unkempt hair and 
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the straight-laced acoustician with an eye for the smallest of 
details. Stokowski dreamed of changing music with technol-
ogy and forever reshaping the landscape of musical experi-
ence by sculpting raw signal into something beyond nature 
(Milner, 2010). Fletcher wanted to capture the pure essence 
of sounds, to collapse the distance between friends on the 
telephone, and to make foreign scenes and voices sound real 
and honest. Between them, though, was a common appre-
ciation for the inexorable link between the physical qualities 
of sound and its perceptual experience. It was what led them 
to the experiments and technology that innovated sound re-
cording for the modern world. 
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Introduction
Canada’s two naval acoustics research laboratories conducted groundbreaking 
work in naval acoustics beginning in World War II and continuing to the present 
day. Early innovations included advances in acoustic mine and torpedo counter-
measures, oceanography and acoustics of antisubmarine warfare, development of 
a variable depth sonar, and Arctic acoustics.

The motivation for early oceanographic and underwater acoustics research in 
Canada and worldwide was distinctly naval in nature, with the aim of detecting 
mines, submarines, and torpedoes (Muir and Bradley, 2016). Underwater acoustic 
research in Canada was spurred by Canada’s entrance into World War II in Sep-
tember 1939; before that time, Canada did not have a specific defense research 
capability (Longard, 1993). 

Canadian Innovations in  
Naval Acoustics from  
World War II to 1967
Innovation at Canada’s two naval research laboratories advanced 
understanding of underwater acoustics to the benefit of researchers 
worldwide.
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Figure 1. Convoy assembling in Bedford Basin, Nova Scotia, Canada, in 1941 to be 
escorted by the Royal Canadian Navy (RCN) through the U-boat-infested waters 
of the North Atlantic. Approximately 25,000 merchant ship voyages were made by 
12,000 men and women serving in Canada’s Merchant Navy. It was dangerous work, 
with 1,500 Canadian lives and 59 Canadian-registered ships lost. Photo PA-128093 
courtesy of Library and Archives Canada, Canada, Department of National Defence.
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By 1940, magnetically triggered mines had become a signifi-
cant threat because they could quickly be deployed in large 
numbers by aircraft. The magnetic signature of a ship could be 
reduced by “degaussing,” applying a current to coils installed 
on a ship that would offset its magnetic signature. Convoys of 
merchant ships (Figure 1) would gather in the Bedford Basin 
in Halifax, Nova Scotia, Canada, to be escorted by Royal Ca-
nadian Navy (RCN; see Table 1 for list of abbreviations) ships 
across the Atlantic to resupply the war effort in England, and 
the RCN was responsible for degaussing all merchant ships 
bound to Europe from Canada (Longard, 1993).

In February 1940, Professors G. H. Henderson and J. H. L. 
Johnstone from Dalhousie University in Halifax were asked 
to help develop degaussing techniques. By 1942, degauss-
ing “ranges” were established in the Bedford Basin, Sydney 
(Nova Scotia), Quebec City (Quebec), and Victoria (Brit-
ish Columbia). The routine work at the ranges consisted of 
measuring ships’ magnetic signatures while underway and 
calculating the current required to offset them. With rising 
concerns about acoustically triggered mines, a combined 
acoustic-magnetic range, the Hugonin Range, was con-
structed in Halifax Harbour near McNabs Island.

The laboratory that began as the Anti-Magnetic Mine Of-
fice in July 1940 is now known as the Defence Research and 
Development Canada (DRDC) Atlantic Research Centre. 

Initially, the laboratory was located in His Majesty’s Canadi-
an (HMC) Dockyard in Halifax (now Canadian Forces Base 
[CFB] Halifax). By January 1944, research had branched out 
into acoustic mines and submarine detection, and with a 
complement of about 50 staff, the laboratory was renamed 
the Naval Research Establishment (NRE) under the auspices 
of Canada’s National Research Council (NRC). 

In 1947, the NRE became one of seven research establish-
ments absorbed by the Defence Research Board (DRB), 
formed to take over the defense research effort from the 
NRC. In 1952, the NRE moved across Halifax Harbour into 
a new building that was the largest structure and the first 
research establishment at that time in the city of Dartmouth. 

Additional establishments created by the DRB included the 
Pacific Naval Laboratory (PNL) in 1948, located in the HMC 
Dockyard in Esquimalt (now CFB Esquimalt) near Victoria, 
British Columbia, Canada. The PNL was charged with exam-
ining naval problems not handled by the NRE and problems 
specific to the Pacific Ocean. Starting in the late 1950s, the 
PNL undertook a significant research program in the Arctic. 
Thus the NRE and PNL were considered “sister laboratories” 
studying naval acoustic problems in Canada’s three oceans. 

In 1967, as part of a DRB drive to unify the laboratories 
through name changes, the PNL became the Defence Re-
search Establishment Pacific (DREP) and the NRE became 
the Defence Research Establishment Atlantic (DREA; Turn-
er, 2012). Most Canadian naval research was consolidated 
at the DREA after closure of the DREP in 1994, with only 
a small contingent of materials scientists remaining at the 
“Dockyard Laboratory Pacific” in Esquimalt (but organi-
zationally part of the DREA). In 2000, the DREA became 
part of a new agency, Defence Research and Development 
Canada (DRDC), and the laboratory was renamed DRDC 
Atlantic. On March 31, 2018, the Dockyard Laboratory Pa-
cific was closed, with the remaining materials science work 
being transferred to the DRDC Atlantic Research Centre. In 
early 2018, the staff of the DRDC Atlantic Research Centre 
was moved to a new building on the same site in Dartmouth 
as the original building from 1952, which was then demol-
ished.

Over the years, research areas at the former NRE have re-
mained relatively stable: mine countermeasures, harbor 
defense, antisubmarine warfare, torpedo defense, ship sig-
natures and structures, and materials science, with the later 
addition of maritime command and control and informa-
tion warfare. 
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Table 1. Abbreviations 

Term Definition 
CAT Canadian Anti-Acoustic Torpedo 
CCGS Canadian Coast Guard ship 
CFB Canadian forces base 
CRT Cathode ray tube 
DRB  Defence Research Board 
DRDC Defence Research and Development Canada 
DREA Defence Research Establishment Atlantic 
DREP Defence Research Establishment Pacific 
F0 Pressure wave 
FH High frequency 
FL Low frequency 
HMC His/Her Majesty’s Canadian 
NRC National Research Council 
NRE Naval Research Establishment 
PNL Pacific Naval Laboratory 
RCAF Royal Canadian Air Force 
RCN Royal Canadian Navy 
RIP Remote Instrument Package 
RN Royal Navy 
VDS Variable depth sonar 
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Mines, Torpedoes,  
and Countermeasures
Underwater sound radiated from a ship consists mainly of 
engine and propeller noise, which can easily be detected by 
hydrophones and used to trigger acoustic mines. Acoustic 
mines were first deployed by the Germans around the Brit-
ish Isles in 1940 (Moffatt, 2005). Consequently, acoustic 
minesweeping devices were developed to trigger the mines 
from a safe standoff distance; essentially, these were very 
loud noisemakers. One widely used type was the “paral-
lel-pipe” noisemaker that was developed by trial and er-
ror in naval dockyards in the United States and Canada. It 
consisted of two 6-foot (1.88-m)-long pipes connected by a 
bridle and towed in the wake of a minesweeper oriented at 
right angles to the flow of water (Longard, 1993). The vorti-
ces produced between the pipes as they struck one another 
repeatedly resulted in broadband noise. 

During the course of the war, the two magnetic ranges in 
Halifax Harbour were outfitted with hydrophones, filters, 
and recording equipment. Based on intelligence reports, the 
initial frequency bands of interest were 170-340 Hz for Ger-
man acoustic mines and 20 kHz for German wake-homing 
torpedoes. Eventually, the Hugonin Range was equipped 
to cover frequencies from fractions of a hertz to 256 kHz 
(Longard, 1993). The frequency bands were referred to by 
their British Admiralty-style abbreviations of FL (low fre-
quency: 1-100 Hz) and FH (high frequency: 8-200 kHz) 
and what the NRE called F0 (the pressure wave induced by 
the passage of a ship). 

For both the FL and FH ranges, a Rochelle salt hydrophone 
was bottom mounted on a tripod near the center of the de-
gaussing range. For the FH range, the output was directed 
to banks of analog electronics and then displayed on an ar-
ray of twelve 3-inch (7.5-cm) cathode ray tubes (CRTs). The 
CRT traces were photographed simultaneously on slow-
ly moving film (Figure 2a). For the FL range, recordings 
were initially made on a gramophone disc of wax on glass. 
Analysis required repeatedly replaying the signal through a 
filter called a Wien Bridge, a device that could only be used 
to analyze one narrow band at a time. The process was so 
fraught with difficulties that Ed Lewis and Oscar Sandoz re-
designed the measurement system entirely, building a bank 
of filter amplifiers whose output was displayed on CRTs and 
photographed (as in the FH range). Several hundred ships 
were ranged at the FL and FH ranges by Lewis, Sandoz, and 
Bruce French, resulting in statistical summaries that related 
observed frequencies to ship size and type, engine type, and 

Figure 2. a: Ship noise recorded on 12 one-third octave bands 
(8-128 kHz indicated by numbers 3-14) at the high-frequency 
(FH) range. Traces begin at x and end at y, with the bow-stern 
aspect indicated below band 13. Peaks tend to occur at or just 
after passage of the stern. The timing signal dashes are visible 
in the center. b: Canadian Anti-Acoustic Torpedo (CAT) gear. 
Top: parallel pipes; bottom: towing lines. Photo courtesy of 
Canada, Department of National Defence.

(a)

(b)
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number of propellers (Longard, 1993). The same report in-
cluded what was likely the first direct observation of the line 
spectrum of the vibration of a ship’s hull (Longard, 1993), a 
phenomenon still used to identify individual ships.

The F0 system was developed by Ken Newbound to measure 
the decrease in pressure underneath a passing ship, which 
was thought to be a potential trigger for German “oyster” 
mines. However, the measured maximum negative pressure 
was comparable to that of background sea swell, suggesting 
that a pressure mine would require a second influence de-
vice to avoid being falsely triggered (Longard, 1993).

In 1943, the NRE scientists received a message that the 
Germans were using torpedoes capable of homing on a 
ship’s propellers. That very evening, Lewis, John Longard, 
and Commander A. F. Peers designed a decoy that became 
known as the Canadian Anti-Acoustic Torpedo (CAT) gear. 
It was thought that a suitable noisemaker towed well astern 
of a ship could attract the torpedo and run it to exhaustion 
so they redesigned the minesweeping parallel-pipe noise-
makers to operate around 20 kHz. The long parallel pipes 
were replaced with 30-inch (75-cm) steel rods, and the gear 
was assembled from other scraps and bolts found around the 
laboratory (Figure 2b). The next day, Olga Mounsey drafted 
proper drawings and the CAT gear went into production, 
and within 17 days, it was being fitted on Allied ships (Veter-
ans Affairs Canada, 2017). Eventually, the CAT gear was cop-
ied by the United States, where their new noisemakers with 
rods of the same length (30 inch) also included the “much 
oversize bolts” from the NRE drawing (Longard, 1993).

Oceanography and  
Antisubmarine Warfare
Mine and torpedo acoustics occur at short enough ranges 
that sound essentially travels in a straight line. However, 
vertical variations in the speed of sound in water (which 
depends on temperature, salinity, and pressure) result in a 
lensing effect that redirects the sound upward or downward. 
Therefore, over the longer distances required for detecting 
submarines, the sound may interact many times with the 
rough ocean bottom and surface, resulting in scattering and 
losses. In deeper waters, sound may be refracted downward 
and away from a surface ship’s sonar system, drastically re-
ducing the detection range against a submarine.

During World War II, the RCN observed that in Canadian 
waters, U-boats could escape detection simply by diving. To 
increase understanding of the ocean’s thermal structure off 

Canada’s East Coast, the NRE undertook multiple survey 
programs beginning in 1943. On the West Coast, oceano-
graphic surveys were initiated by John P. Tully of the Pacific 
Oceanographic Group in 1936 and continued jointly with 
the PNL staff beginning in 1948. Oceanographic surveys 
and trials to understand the effects of ocean conditions on 
sonar performance were undertaken in the Pacific Ocean, 
Bering Sea, and Western Arctic (Chapman, 1998; Canadian 
Meteorological and Oceanographic Society [CMOS], 2014).

In 1950, W. L. Ford led a team aboard the NRE ship HMCS 
New Liskeard (Figure 3) that was part of a six-ship survey of 
the northern boundary of the Gulf Stream known as Opera-
tion CABOT, a joint undertaking with several American re-
search groups. The considerable dataset acquired on the sur-
vey (700 bathythermograph slides and 800 water samples on 
the New Liskeard alone) greatly increased the understanding 
of Gulf Stream dynamics (Ford et al., 1952; Stommel, 1965). 

The surveys resulted in NRE memoranda produced for the 
RCN and the Royal Canadian Air Force (RCAF) on water 
conditions off the East Coast of Canada. Longard also de-
veloped an extension to the 1942 US Navy code used to de-
scribe the ocean temperature structure to accommodate the 
stronger gradients observed in Canadian waters. The codes 
could be plotted on a map to give a three-dimensional pic-
ture of water conditions. Longard’s extended code was ad-
opted around 1948 by the US Navy under the name “NRE 
code” and used for about 10 years (Longard, 1993). 

Figure 3. Operation CABOT staff. Naval Research Establish-
ment (NRE) staff included (left to right) Norbert Lyons, John 
Longard, William Mackasey, Bill Ford, Bryce Fanning, and 
two others (names unknown). Photo courtesy of Canada, De-
partment of National Defence.
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Variable Depth Sonar
In 1948, Longard postulated that the cold intermediate water 
layer between the two warm layers on the Scotian shelf would 
form a “sound channel” at the depth of the sound speed mini-
mum and that a transducer lowered to this depth should de-
tect a target in the same layer at long ranges (Longard, 1993). 
As an initial test, an existing sonar capsule was fitted with a 
bridle and cable designed to be lowered from a stopped ship. 
Trials in 1949 and 1950 demonstrated very long detection 
ranges with both the transducer and submarine target at the 
depth of the sound channel. With the concept demonstrated, 
the focus turned to the engineering required for an operation-
al system: the development of appropriate cables and a tow 
body, transducer, and a display system.

Measurements and theory of cable drag indicated that the 
length of cylindrical cable required to achieve desirable tow 
depths and speeds would be too large for practical handling. 
The solution was to use a faired cable (one with a stream-
lined cross section) to reduce the drag and thus the required 
cable length. The final cable design consisted of a formed 
rubber section fastened by U-shaped metal clips that turned 
easily on the cable. The first tow bodies were simply tor-
pedo bodies fitted with UK “Type 144 Asdic” (i.e., sonar) 
transducers. Over six years of development were required 
to develop a suitable tow body, and the final design based 
on the Royal Navy (RN) 100-inch sonar dome was known 
as TRILBY. The experimental “variable depth sonar” (VDS) 
using the TRILBY body become known as the CAST/1.

The increased operational depth intended for the CAST/1 
allowed for a higher power output than the modified steel-
quartz transducer from the Type 144 Asdic could provide. 
Thus, the CAST/1 used the new high-activity low-imped-
ance piezoelectric ceramics being developed at the NRE at 
the time. Small concentrations of cobalt added to barium 
titanate ceramics resulted in a large reduction in dielectric 
loss at a high electrical driving power. The optimal mix was 
determined by Schofield and Brown (1957) and this “NRE-
4” ceramic (the fourth of seven concentrations tested) was 
used in the CAST/1 transducer. 

The electronics and display equipment were designed in 
conjunction with the Defence Medical Research Laboratory 
(now the DRDC Toronto Research Centre), who provided 
“human engineering” advice. The combination of high-
quality audio signal replay and visual presentation resulted 
in “unusually good target classification” (Longard, 1993).

In March 1958, the CAST/1X electronics (an experimental 
version of CAST/1) and TRILBY body were tested by the 
RCN on the HMCS Crusader, with the resulting recommen-
dation that it be accepted with as few modifications as pos-
sible to expedite production (Longard, 1993). The CAST/1X 
demonstrated its superiority in trials when comparing its 
performance to that of the British experimental medium-
range Asdic. As a result, the RN stopped development of 
their Asdic and adopted the Canadian design. The opera-
tional variant of the VDS (Figure 4) was known as SQS-504 
by the RCN and Type 199 by both the RN and the Royal 
Australian Navy and is on display in the Canadian War Mu-
seum in Ottawa, Ontario.

Surface Reverberation
When attempting to detect active sonar echoes from a target 
in the ocean, there are two main sources of interference: am-
bient noise and reverberation. Ambient noise consists of all 
the sounds one is not interested in, and in the case of anti-
submarine warfare, it consists primarily of noise from wave 
breaking, shipping, biological sources, and ice. Reverberation 
consists of the diffuse echoes arising from large numbers of 
spatially separated scatterers, primarily the ocean surface and 
bottom, and scatterers suspended in the water column.

In the modern day, it easy to explain the sources of noise 
and reverberation, but in the 1950s and 1960s, each of these 
terms was being examined in detail. At the NRE, Robert P. 
(Bob) Chapman led many studies using explosive sound 

Figure 4. Operational variable depth sonar on the HMCS St. 
Laurent. Note the Royal Navy (RN) White Ensign (flag) that 
was the Canadian Naval Ensign at the time. The TRILBY tow 
body containing the transducer is visible (far right). Water 
streaming out suggests that it is being recovered. Photo cour-
tesy of Canada, Department of National Defence.
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sources to provide acoustic measurements over a wide fre-
quency band (400 Hz to 16 kHz). Chapman was unable to 
participate in sea trials, and he thus relied on collaboration 
with others (Merklinger and Osler, 2015). In March 1961, 
Jim Harris organized a sea trial to measure surface rever-
beration using explosive sources north of Bermuda, which 
had a deep isothermal surface layer in the wintertime. Wind 
conditions varied from 0 to 30 knots (0-15 m/s) during the 
experiment, covering all the wind speeds of interest.

Chapman’s initial analysis showed that time of day and wind 
speed were perfectly correlated, and thus it could not be de-
termined which was the cause of the observed changes in 
scattering strength. However, Harris had collected an initial 
“test” dataset on a day with completely different wind condi-
tions, but he had omitted it from the original plots because 
it was not part of the “official” dataset (he had used only two 
hydrophone depths). When the test dataset was included, it 
became clear that the surface scattering did primarily vary 
with wind speed. When Chapman presented the paper at the 
1961 Fall US Navy Symposium on Underwater Sound, the 
data were plotted in several octave frequency bands, and an 
audience member suggested plotting it all together to elicit 
greater understanding. On his return to the NRE, Chap-
man did just that and then asked Anne Robison to calculate 
the nonlinear curve fit that is now known as the Chapman-
Harris equation that relates the surface-scattering strength 
to wind speed and frequency (Chapman and Harris, 1962).

The same Journal of the Acoustical Society of America (JASA) 
paper by Chapman and Harris noted the time-of-day varia-
tion in scattering strength that was ultimately attributed to 
volume reverberation. In later years, using a 3.5- to 6-kHz 
echo sounder on the HMCS New Liskeard, they were able to 
identify several volume-scattering layers, some that migrat-
ed and some that did not. These “deep scattering layers,” now 
known to be found worldwide, are predominantly biological 
in origin, and most of the scattering was due to fish swim 
bladders (Chapman et al., 1974). 

Early Arctic Acoustics
Arctic underwater acoustics in Canada began at the PNL in 
1958 when Al Milne was inspired by stories of the Canadian 
Army’s Operation Muskox and tales of the Beaufort Sea tri-
als. In 1959, Milne organized Paclabar (Pacific Laboratory 
Arctic), the first of what were to be numerous Arctic trials. 
The trials (Icepack 1-8 and Polarpack 1-3) took place in lo-
cations across the Arctic Ocean, including Barrow Strait, 
Prince Gustav Adolph Sea, M’Clure Strait, Prince Regent In-
let, Viscount Melville Sound, and Mould Bay (Milne, 1998).

The trials followed the same general formula. First, by some 
combination of airlift, ship, sled, and helicopter, the team 
would arrive at a suitable location on the ice with appropri-
ate scientific and survival equipment, a nontrivial task. Next, 
they drilled a hole through the ice through which they low-
ered a hydrophone. A small “shooting party” traveled by sled 
or helicopter 1-2 km away, drilling or blasting a second hole 
through the ice through which to make oceanographic mea-
surements and then set off explosive charges at some depth 
in the water while at the first hole, the hydrophone signal 
was being recorded. Then the shooting party would navigate 
farther away and repeat the drilling-oceanography-blasting 
process (Milne, 1998). Through this series of experiments, 
the teams (including Milne, Tom Hughes, John O’Malia, and 
John Ganton among many others) made measurements of 
noise and reverberation under the Arctic sea ice (e.g., Milne, 
1964; Milne and Ganton, 1964; Brown and Milne, 1967) and 
the sound speed in the bottom (Milne, 1966). One inter-
esting series of measurements explored the stability of the 
sound transmission medium under land-fast ice over short 
and long ranges (Ganton et al., 1969).

The PNL team developed numerous innovations for trans-
portation and survival in the Arctic (Ganton, 1968). The 
drill used for ice 5-7 feet (1.5-2.1 m) thick had a triangu-
lar bit to drill holes 9 inches (23 cm) in diameter; for larg-
er holes, several “dry” holes were drilled in a circle and a 
central “wet” hole was filled with explosives that were then 
detonated. They then faced the problem of how to keep the 
holes ice free; an inflatable neoprene balloon was a simple 
solution that worked for up to a week. For longer deploy-
ments, they used the “rope trick.” A 7-inch (18-cm)-diame-
ter plastic cylinder was wrapped with nylon rope embedded 
in silicon rubber. Instrument cables were threaded through 
the cylinder and the whole apparatus was allowed to freeze 
into the 9-inch (23-cm) hole. To recover the instruments, 
the rope was easily unspooled from the outside of the cyl-
inder, and the freed cylinder was recovered, with the cables 
frozen inside.

Survival and navigation also required innovative solutions. 
Regular compasses were useless near the magnetic pole, so 
wayfinding was achieved with a combination of a sextant, 
radio fixes, and bamboo poles with black flags marking their 
route. The Army-issued Arctic clothing used for the first 
trial was insufficient; on subsequent trials, it was enhanced 
by additional liners and newer materials such as L19 Ventile 
cloth (Milne, 1998). Heavy steel sleds and wooden wanni-
gans (insulated sheds) were replaced with lightweight alu-
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minum sleds and wannigans whimsically named Empress, 
Frontenac, and Royal York (after three grand railway hotels 
in Canada). Graeme Dennison designed a lightweight fabric 
shelter that was manufactured in the HMC Dockyard sail 
loft out of double-layered nylon with batts of Dacron be-
tween for insulation. An insulated floor completed the four-
person shelter that included a kitchen box, space heater, and 
snow melter. A smaller shelter carried for emergencies was 
called the “instant igloo”; its two floor segments unfolded 
with the tent between them (somewhat like a bellows), and 
it could be set up in under a minute, even in wind.

Ships used for field trials included the Canadian Coast 
Guard ship (CCGS) John A. Macdonald and CCGS Labra-
dor, Canada’s first icebreaker and the first warship to tran-
sit the Northwest Passage (coincidentally, with 10 scientists 
from the DRB on board; Piggott, 2011). Through collabo-
ration with American colleagues, the PNL team undertook 
the joint trial Polarpack 1 in 1962 to study sound transmis-
sion between ice islands more than 1,000 km apart, and they 
sailed on the USS Staten Island during the Polarpack 3 trial in 
1965. While embarked on icebreakers, they were frequently 
diverted from scientific work to assist ships in distress, pro-
vide icebreaking escort services, or helicopter support. On 
one interesting diversion in 1967, the CCGS Labrador was 
diverted to the Eureka weather station to provide helicopter 
assistance to a joint National Geographic-US Wildlife Ser-
vice project rounding up yearling musk oxen for relocation 
to Alaska (Milne, 1998).

Long-Term Under-Ice Measurements
Eventually, the PNL team wanted to design a recording sys-
tem capable of being deployed in the Arctic for a year to mea-
sure underwater ambient noise during freeze-up and under 
early winter ice. Over the relatively short period of 15 months 
between the initial concept and deployment, they designed 
and built the “Remote Instrument Package” (RIP) recording 
system that was customized in every way to long-term mea-
surements in cold ocean waters (Ganton et al., 1970).

The RIP consisted of a square frame with two battery packs 
on opposite corners, the electronics package in the center, 
and a spherical DREA barium titanate hydrophone mount-
ed above one corner. Digital recordings were made through 
a preamplifier followed by a bank of 6 one-octave analog fil-
ters covering frequencies from 10 Hz to 16 kHz. The bands 
were sampled sequentially in time for an averaging period 
of four minutes, with timing provided by a Bulova mechani-
cal timer. The skepticism surrounding the digital recording 

system was evidenced by the inclusion of an independent 
analog system that recorded the 150- to 300-Hz band on a 
paper chart recorder. In fact, the digital tape recorder had 
mechanical problems when it was tested on delivery, but the 
short time frame for deployment required that the problems 
to be fixed in-house rather than waiting for procurement of 
a different recorder (Ganton et al., 1970).

The recovery system consisted of an explosive bolt that re-
leased a custom-milled syntactic foam float that brought to 
the surface a light polypropylene line spliced into the wire 
recovery line. To assist in locating the float, there was a pop-
up radio transmitter and a dye capsule that ejected bright 
green dye. An ingenious hook system to release the lines on 
deployment was devised so that the system could be low-
ered into position. The RIP was protected from corrosion 
through the use of a zinc anode and liberal amounts of Vase-
line. It was designed for deployment in up to 2,000 feet (610 
m) of water and its mechanical components were designed 
for a lifetime of 2 years (Ganton et al., 1970).

In mid-August 1967, Milne, Ganton, Bill Burrows, and R. H. 
(Dick) Herlinveaux (of the Pacific Oceanographic Group) 
and their cargo were flown in an RCAF C-130 Hercules to 
meet the CCGS Labrador at Resolute, Nunavut, Canada. At 
each deployment location, bottom cores were taken to de-
termine whether the bottom was hard enough to trigger the 
line release mechanism. The ship’s helicopter was sent to 
nearby shore locations where two rock cairns were built and 
portable radio transponders were placed to aid navigation 
on recovery. After each RIP was deployed, a photograph was 

Figure 5. Photo of the Remote Instrument Package (RIP) in 
Lancaster Sound, Baffin Bay, Nanavut, Canada, before it was 
raised to the surface. The hydrophone is in the cage at the top 
of the package. Batteries and electronics are in the pressure 
vessels. The winch carrying the recovery rope is visible at the 
back. Photo courtesy of Canada, Department of National De-
fence.
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taken of the ship’s radar display to allow accurate navigation 
to the same location the following year (Milne, 1998).

During the year between deployment and recovery, Milne 
became concerned about the possibility of the release sys-
tem failing and arranged to rent the Pisces 1 manned sub-
mersible from International Hydrodynmaics Ltd. at a cost 
of $150,000 (CAD). To raise the necessary funds, a collabo-
ration was undertaken among the PNL team, Herlinveaux, 
Bernie Pelletier (Bedford Institute of Oceanography), and 
Carlton Ray (Johns Hopkins University). In mid-August 
1968, an RCAF C-130 Hercules flew 25,000 pounds of gear 
and personnel, this time to Thule, Greenland, to meet the 
CCGS Labrador.

When the team arrived in Baffin Bay, they found a 53-m-
high iceberg with an estimated weight of 45 million tons 
grounded on the 430-m-deep knoll where the RIP had been 
deployed. The iceberg was rocking with a two-minute pe-
riod, and they quickly realized there was no way to safely 
recover the RIP. The remaining four RIP recoveries went like 
clockwork, including the one in Norwegian Bay with 5-feet 
(1.5-m)-thick 10/10ths ice cover. Before they triggered the 
explosive bolt to initiate the Norwegian Bay recovery, the 
icebreaker first had to break a path to the RIP location and 
then break up ice in a quarter-mile (450-m)-diameter area 
to allow for the float and dye to be spotted. They also went 
ashore in Grise Fjord and Pond Inlet and recorded under-
water sounds from narwhals from a small boat (Watkins et 
al., 1971). Using the Pisces, they were able to photograph one 
of the RIPs while it was still on the ocean bottom (Figure 5). 
Although the grounded iceberg eventually left Baffin Bay, a 
heavy swell prevented the safe launch of the Pisces to inspect 
the RIP deployment site. Thus the fifth RIP was never recov-
ered. The RIP systems worked extremely well despite com-
ponent failures that limited the recording periods to 3-11 
months (Ganton et al., 1970).

Summary
The stories told in this article about acoustic mine and tor-
pedo countermeasures, oceanography and the acoustics of 
antisubmarine warfare, development of a variable depth 
sonar, and Arctic acoustics are only a few of the dozens of 
interesting stories arising from Canada’s two naval acoustics 
research laboratories, the NRE and PNL. Other scientific 
stories include corrosion prevention by cathodic protection, 
hydrofoil vessel development, computational acoustic mod-
els for reverberation and transmission loss, and explosive 
echo ranging (in collaboration with the RCAF and other 

maritime air forces worldwide). Oceanographic studies with 
direct bearing on naval acoustics included fluid dynamics 
research on turbulent microstructure and internal waves, 
temperature and salinity surveys, and drift bottle studies of 
surface currents. Essential to the success of the work was the 
feeling of camaraderie and excitement about working to-
ward a common goal, a sentiment that persists to this day in 
the remaining Canadian naval acoustics research laboratory, 
now called the DRDC Atlantic Research Centre.
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and the Management of  
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Quantitative ultrasound is a clinically validated, low-cost, portable,  
nonionizing alternative to traditional X-ray methods for managing  
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Osteoporosis, Bone Structure, and X-ray  
Diagnostic Methods
Do you know somebody who suffers from osteoporosis? There is a good chance 
that you do. An estimated 54 million adults in the United States are affected by 
osteoporosis or low bone mass (Wright et al., 2014). Osteoporosis, which means 
“porous bone,” is a systemic skeletal disease characterized by decreased bone den-
sity and increased fracture risk. Globally, osteoporosis is responsible for 9 million 
fractures per year (Johnell and Kanis, 2006). Medical costs for the treatment of 
osteoporosis in the United States are projected to be $25 billion per year by 2025 
(Burge et al., 2007). 

Osteoporosis disproportionately affects postmenopausal women. After menopause, 
decreased estrogen levels disrupt the normal process of bone turnover in which spe-
cialized cells called osteoclasts remove old bone tissue while other specialized cells 
called osteoblasts build new bone tissue. When osteoclast activity exceeds osteoblast 
activity, net bone loss occurs. Fortunately, drugs are available to treat this condition. 
It is estimated that 1 in 2 women and 1 in 4 men over the age of 50 will break a bone 
due to osteoporosis (National Osteoporosis Foundation, 2018).

Bones contain two main types of tissue (Figures 1 and 2). Cancellous bone (also 
called trabecular bone) is a lightweight, highly porous material located toward the 
inner regions of bones (Figure 1). Cortical bone is dense material that forms the 
outer shell (cortex) of bones. Both tissues consist of an organic phase (mainly col-
lagen) and a mineral phase (mainly hydroxyapatite). The diagnosis of osteoporosis 
is often based on X-ray measurements of bone mineral density (BMD; Figure 2; 
see Table 1 for a list of abbreviations), which quantifies the concentration of hy-
droxyapatite.

The most common diagnostic technique for osteoporosis is a two-dimensional 
technique called dual-energy X-ray absorptiometry (DXA). DXA measurements 
performed at the hip and spine, common locations for osteoporotic fractures, are 
considered the “gold-standard” method for diagnosing osteoporosis. However, 
DXA measurements at these central skeletal locations are inconvenient because 
they require large, whole body scanners. More portable options include periph-
eral DXA (pDXA) and peripheral quantitative computed tomography (pQCT) 
systems, both of which perform X-ray BMD measurements at peripheral skeletal 
locations such as the leg or forearm. Another option is quantitative ultrasound 
(QUS).
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Clinical Ultrasound Devices for Bone 
Fracture Risk Assessment 
Th e earliest and best-validated design for a clinical bone 
ultrasound device uses a broadband ultrasound transduc-
er to transmit an ultrasound beam through the calcaneus 
(heel bone; Figure 3a). A receiving ultrasound transducer is 
placed on the opposite side of the foot. With this “through-
transmission” geometry, measurements of broadband ultra-

sound attenuation (BUA) and speed of sound (SOS) may be 
performed. Both BUA and SOS have been shown to be high-
ly correlated with calcaneal BMD. Attenuation in bone is far 
greater than attenuation in soft  tissues so attenuation due to 
soft  tissue surrounding the calcaneus has little impact on the 
measurements. Using a broadband ultrasound transducer 
allows attenuation to be measured at multiple frequencies 
(typically, about 300-700 kHz). Attenuation in bone increas-
es with frequency and is usually characterized by the slope 
of a linear fi t to attenuation versus frequency (BUA; see Th e 
Interaction of Ultrasound with Cancellous Bone). Th e SOS 
may be estimated from the time delay between transmitted 
and received ultrasound pulses.

Th e initial clinical validation for through-transmission 
calcaneal ultrasound came from large-scale trials. In a ret-
rospective study of 4,698 women, the association between 
BUA at the heel and at existing fractures was nearly the same 
as that between DXA at the heel and at existing fractures 
(Glüer et al., 1996). In a prospective study of 5,662 women, 
ultrasonic measurements at the heel (BUA and SOS) pre-
dicted the risk of hip fracture in elderly women nearly as 
well as DXA at the hip (Hans et al., 1996). In a prospective 
study of 6,189 postmenopausal women, the strength of the 
association between the BUA at the heel and at the fracture 
was comparable to that observed with DXA (Bauer et al., 
1997). Th ese and subsequent studies represent the founda-
tion for formal recognition of the diagnostic eff ectiveness of 
calcaneal ultrasound by professional organizations (Krieg et 
al., 2008; US Preventive Services Task Force, 2011). 

Figure 1. a: Bones consist of two types of tissue: cortical and 
cancellous. As osteoporosis progresses, the cortical layer be-
comes thinner and the cancellous bone becomes more porous. 
b: High-resolution X-ray computed tomography images show-
ing low- and high-density specimens of cancellous bone excised 
from the femur (thigh bone) near the location shown in a.

Figure 2. Acoustic impedance images of human cortical bone 
transverse cross sections from the tibia (long bone of the lower 
leg) measured at 100 MHz. a: Healthy specimen; b: late-stage 
osteoporotic specimen showing dramatic thinning of cortical 
bone. See Raum et al., 2008.
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Table 1. Abreviations 

Term Definition 
AT Axial (along the axis of long bones) transmission 
BDAT Bidirectional axial transmission 
BMD Bone mineral density (in g/cm2 for projection 

methods like DXA or g/cm3 for volumetric 
methods like QCT) 

BUA Broadband ultrasound attenuation (in dB/MHz) 
DXA Dual-energy X-ray absorptiometry 
FAS First arrival signal 
FFGW Fundamental flexural guided wave 
HR High resolution   
HR-pQCT High-resolution peripheral quantitative computed 

tomography 
nBUA Normalized (to bone thickness) BUA (in 

dB/cmMHz) 
pDXA Peripheral dual-energy X-ray absorptiometry 
pQCT Peripheral (arms, legs, hands, feet) QCT 
QCT Quantitative computed tomography 
QUS Quantitative ultrasound 
SOS Speed of sound (in m/s) 
TOF Time of flight (in s) 
 

 
 
	

Abbreviations
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Calcaneal ultrasound is currently the most prevalent ultra-
sound method in the management of osteoporosis. How-
ever, because the calcaneus is mostly cancellous bone sur-
rounded by a very thin cortical layer, calcaneal ultrasound 
does not assess cortical bone strength and therefore gives an 
incomplete prediction of fracture risk. Other devices have 
been designed to interrogate cortical bone in addition to, 
or instead of, cancellous bone. Cortical bone devices often 
target long bones such as the tibia (long bone of the leg) or 
radius (long bone of the arm). 

Another commercial bone ultrasound device uses two trans-
ducers (transmitter and receiver) to measure the SOS along 
the cortex of a long bone (Figure 3b). In a retrospective study 
of 254 postmenopausal women, SOS measurements at the fore-
arm, finger, or midfoot demonstrated an ability to discriminate 
fracture cases from control cases in postmenopausal forearm 
fracture patients, although the performance was inferior to mea-
surements of the spine and femur BMDs (Knapp et al., 2002).
Another commercial bone ultrasound device applies a sin-
gle ultrasound transducer placed perpendicular to the leg 
or arm (Figure 3c). Using pulse-echo ultrasound, the single 
transducer transmits a pulse and receives the echoes from the 
outer and inner surfaces of the bone cortex. From the time 
delay between the two echoes, an index of cortical thickness 
can be obtained if a value for the cortical SOS is assumed. 
The method was validated on human tibia samples in vitro 

(Wear, 2003) and in a clinical trial involving 572 women for 
improving the management of patients suspected of having 
osteoporosis (Karjalainen et al., 2016).

Another design uses a two-transducer through-trans-
mission geometry, like the calcaneus-based devices, but 
measures the forearm instead of the calcaneus. One im-
plementation uses measurements of time-delay (between 
transmitted and received signals) parameters to estimate 
an index of BMD in the radius and has been validated in 
a clinical trial involving 60 adults for having a high cor-
relation with BMD (Stein et al., 2013; Figure 3d). Another 
implementation uses measurements of two longitudinal 
waves predicted by the Biot theory (see The Interaction 
of Ultrasound with Cancellous Bone) that propagate 
through the radius to estimate bone density and elastic-
ity (Otani et al., 2009) and cortical thickness (Mano et al., 
2015) and has been validated in a clinical trial involving 93 
adults for having high correlations with BMD and cortical 
thickness (Breban et al., 2010; Figure 3e).

Another design uses a single transducer in pulse-echo mode 
to measure scattering from cancellous bone. This approach 
only requires access from one side of a bone and has acces-
sibility to sites beyond the calcaneus, including the hip and 
spine. Backscatter from the calcaneus showed a high corre-
lation with the BMD in 10 normal human volunteers (Wear 
and Garra, 1998) and 47 women (Wear and Armstrong, 
2001; Figure 3f). In a retrospective study of 210 postmeno-
pausal women, backscatter from the calcaneus was shown 
to have a significant association with fractures (Roux et al., 
2001). A recent study involving 342 women showed that a 
backscatter measurement could be acquired from the lum-
bar spine in vivo and had a moderate correlation with BMD 
measurement (Conversano et al., 2015)

The Interaction of Ultrasound  
with Cancellous Bone
The motivation for the through-transmission calcaneus ul-
trasound comes from a seminal paper that represents the first 
report of an age-related decline in BUA in cancellous bone in 
women (Langton et al., 1984). The first paper to report measure-
ments of BUA and SOS in human volunteers showed that both 
exhibited strong correlations with BMD measurements (Zagze-
bski et al., 1991). Another early system extended this design by 
adding scanning capability to produce images of BUA in vivo 
(Laugier et al., 1996). These papers led to the development of 
clinical through-transmission calcaneus-based systems that were 
used in early large-scale trials mentioned in Clinical Ultrasound 

Figure 3. Various types of ultrasound systems to measure 
bone: a: General Electric Lunar (Madison, WI) Achilles®; b: 
BeamMed (Petah Tikva, Israel) MiniOmni®; c: Bone Index 
(Kuopio, Finland) Bindex®; d: CyberLogic (New York, NY) Ul-
traScan 650®; e: Oyo (Kyoto, Japan) LD-100®; f: custom back-
scatter system (Wear and Armstrong, 2001).

Quantitative Ultrasound and Osteoporosis
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Figure 4. Attenuation (top) and backscatter (bottom) coef-
ficients (Coef.) of a cancellous bone sample in vitro (blue 
curves). A linear fit is shown for the attenuation coefficient 
data (top red dashed line). The slope of the line is normalized 
broadband ultrasound attenuation (nBUA). A power law fit is 
shown for the backscatter coefficient data (bottom red dashed 
curve). cmSr, centimeter steradians.

Figure 5. Backscatter coefficient versus trabecular thickness 
(Tb.Th) in 43 human calcaneus samples in vitro. Reprinted, 
from Wear and Laib, (2003), with permission, © 2003 IEEE.

Devices for Bone Fracture Risk Assessment to provide a foun-
dation for clinical quantitative ultrasound in bone. 

Studies involving human calcaneus samples in vitro have 
provided insight into determinants of BUA and SOS. Figure 
4, top, shows the attenuation coefficient versus frequency 
for a cancellous bone sample in vitro. The slope of a lin-
ear fit to these data is called normalized BUA (nBUA) and 
is measured in decibels per centimeter per megahertz (dB/
cmMHz). When the thickness of the calcaneus is unknown, 
as is the case with clinical measurements, the parameter re-
ported is BUA, which is measured in decibels per megahertz 
(dB/MHz). Mechanical compression studies have indicated 
that BUA has a strong relationship with the mechanical 
properties of cancellous bone (Langton et al., 1996). A theo-
retical model for relationships among the SOS, nBUA, and 
dispersion (frequency-dependent phase velocity) in cancel-
lous bone has been validated in human bone in vitro (Wear, 

2000). BUA and SOS primarily provide information related 
to bone quantity but also provide some information related 
to the microarchitecture of cancellous bone (Chaffai et al., 
2002). BUA and SOS are sensitive to the volumetric density 
(Hoffmeister et al., 2000) and collagen and mineral content 
(Hoffmeister et al., 2002) of cancellous bone.

Measurements of scattering from human calcaneus samples 
in vitro have elucidated mechanisms underlying BUA (be-
cause scattering is one source of attenuation) and the clini-
cal scattering findings discussed in Clinical Ultrasound 
Devices for Bone Fracture Risk Assessment. Figure 4, bot-
tom, shows the backscatter coefficient versus frequency for 
a cancellous bone sample in vitro. In the clinical frequency 
range (approximately 300-700 kHz), the backscatter coeffi-
cient [η(f)] depends on frequency (f) as a power law [η(f) 
= Af n] when n is a little higher than 3 (Wear, 1999; Chaf-
fai et al., 2000). The backscatter coefficient is approximately 
proportional to the mean trabecular thickness (the width of 
mineralized tubular structures in cancellous bone; see Fig-
ure 1b) to the third power (Wear and Laib, 2003; Figure 5). 
Like BUA and SOS, backscatter is sensitive to the volumetric 
density (Hoffmeister et al., 2000), BMD (Hoffmeister et al., 
2006), and collagen and mineral content (Hoffmeister et al., 
2002) in cancellous bone. In the clinical frequency range, 
single scattering is believed to be much stronger than mul-
tiple scattering (Wear, 1999; Haiat et al., 2008).

One interesting feature of porous media is that a single lon-
gitudinal pressure wave entering a porous sample can gener-
ate two longitudinal pressure waves propagating at different 
velocities (called “fast” waves and “slow” waves). This phe-
nomenon is explained by the Biot theory (Biot, 1956) and 
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has been demonstrated in cancellous bone (Williams, 1992; 
Hosokawa and Otani, 1997; Lee et al., 2003; Figure 6). Be-
cause fast and slow waves often overlap in both the time and 
frequency domains, advanced signal-processing methods 
have been developed to separate them (Groopman et al., 
2015; Figure 7).

The Interaction of Ultrasound  
with Cortical Bone
Calcaneal devices, which target cancellous bone, were in-
troduced about 20 years ago and have since received formal 
recognition of their clinical effectiveness from professional 
organizations (Krieg et al., 2008; US Preventive Services 
Task Force, 2011). Many devices that target cortical bone are 
newer and still undergoing research and development. Cor-
tical devices aim to measure changes in cortical thickness 
and porosity, both of which have been shown to be related 
to fracture risk.

Because it is a projection technique, DXA has limited ca-
pability to provide reliable quantitative measurements on 
cortical bone. High-resolution (HR) pQCT (HR-pQCT) 

provides full three-dimensional information but is expen-
sive and limited to clinical research facilities. 

Ultrasound waves transmitted by a source through the skin 
to a long bone (such as the radius or the tibia) can gener-
ate vibrations that propagate in the cortex along the axis of 
the bone. As they propagate, these guided waves leak energy 
from the waveguide to the adjacent soft tissue. The leaked 
energy can be detected using sensors placed on the skin, 
typically a few centimeters away from the source. So-called 
axial transmission (AT) methods have been developed to 
measure these guided waves. 

An early approach used point contact transducers with ex-
ponential waveguides to measure the speeds of surface and 
flexural waves at the mid tibia at 100 kHz. Guided waves were 
used to measure patients with immobilization atrophy (Dzene 
et al., 1980) and to monitor skeletal demineralization of cos-
monauts exposed to microgravity (Tatarinov et al., 1990).

Figure 6. Ultrasound signals from through-transmission 
measurements of cancellous bone sample for thicknesses rang-
ing from 0.5 to 11.8 mm. Signals were obtained by alternately 
performing through-transmission measurements and shaving 
approximately 0.5 mm from the bone sample. The normal-
ized amplitude is magnified to show both fast (low-amplitude; 
left) and slow (high-amplitude; right) waves. For the thickest 
samples, the fast and slow waves are well separated. For sam-
ples thinner than 6 mm, however, fast and slow waves begin 
to overlap (Groopman et al., 2015).

Figure 7. Fast- and slow- wave decomposition of the data from 
Figure 6. Phase velocity (top) and nBUA (bottom) of fast 
(left) and slow (right) waves are functions of sample thickness. 
Bayesian and Prony’s (modified  least-squares  Prony’s  plus 
curve-fitting [MLSP+CF]) methods can recover wave proper-
ties at thicknesses below 6 mm even when fast and slow waves 
overlap and conventional methods fail. Bayesian and Prony’s 
methods show high agreement with each other and provide 
plausible extrapolations of properties for thicknesses below 6 
mm (Groopman et al., 2015).

Quantitative Ultrasound and Osteoporosis
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Over the past two decades, the determination of guided modes 
and identification of cortical bone waveguide characteristics 
has sparked increased investigation of signal-processing ap-
proaches, modeling, and inverse problem solving. At least two 
cortical devices have appeared on the market and have been 
tested in clinical studies (Barkmann et al., 2000). 

With earlier approaches, a one transmitter-one receiver con-
figuration was implemented in which wave velocity could be 
computed from the separation distance and the measure-
ment of the time of flight (TOF) between transmitted and re-
ceived signals. The TOF technique has been used to evaluate 
the velocity of the first arrival signal (FAS), which is defined 
as the first component of the signal that emerges from noise. 
The FAS contains relevant information on the microstruc-
tural and material properties (Talmant et al., 2011). How-
ever, it cannot be easily predicted by analytical methods and 
therefore is difficult to infer from waveguide characteristics. 
FAS is a transient mode, consistent with a lateral longitudi-
nal wave (which propagates at the longitudinal bulk veloc-
ity) when the ratio of the cortical thickness to the acoustic 
wavelength is much greater than 1 or the S0 Lamb mode for a 
plate if the acoustic wavelength is not much greater than 1 
(Talmant et al., 2011).

FAS velocity evaluation may be improved by making TOF 
measurements at multiple receiver positions, either by 
moving the receiver or by using a multielement transduc-
er array. In addition to the FAS, a slower waveform has 
been isolated and interpreted as a fundamental flexural 
guided wave (FFGW; equivalent to A0 Lamb mode for a 
plate; Nicholson et al., 2002). The dispersion characteristics 
(frequency-related phase velocity variations) of this mode 
are very sensitive to cortical thickness (Moilanen et al., 
2007).

One AT device uses two frequencies. Measurements at 100 
kHz strongly depend on the cortical thickness, whereas 
measurements at 1 MHz depend mainly on propagation 
parameters of the bulk longitudinal wave (mass density and 
stiffness). Researchers claim that dual-frequency AT ultra-
sound can detect early changes induced by osteoporosis 
more clearly than can single-frequency AT ultrasound (Sar-
vazyan et al., 2009). 

These analyses of AT signals were restricted to analyzing 
a single waveform, either the FAS or the FFGW. Howev-
er, an infinite number of guided waves can exist. Multiple 
modes contain more information but are more difficult to 
interpret. Each mode interferes with every other mode, and 

distinguishing modes or their dispersion curves in record-
ed signals can be tricky. Researchers have developed an AT 
technique, bidirectional AT (BDAT), to solve this problem. 
BDAT uses a one-dimensional linear transducer array to re-
cord guided modes that propagate in two opposite directions 
from two emitting transducer arrays placed on each side of 
the central receiving array. Combining measurements from 
two opposite directions automatically compensates for bias 
on measured wave speeds resulting from the surrounding 
soft tissues (Moreau et al., 2014).

The BDAT probe is a 1-MHz array adapted to clinical mea-
surements at the one-third distal radius. It consists of 24 re-
ceivers surrounded by 2 arrays of 5 emitters each. A matrix 
response is recorded by repeatedly firing pulses into the bone 
from each element of the emitting arrays and recording the 
response at each element of the receiving array. Dispersion 
curves are obtained by a reconstruction method based on a 
singular value decomposition combined with a two-dimen-

Figure 8. Optimal matching between the experimental data 
(dots) and Lamb modes (continuous lines) for an ex vivo 
(top) and in vivo radius (bottom). Inliers and outliers (i.e., 
experimental data that are not explained with the free-plate 
model) are displayed as red and blue dots, respectively. Re-
printed from Bochud et al. (2016), with permission.
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sional spatiotemporal Fourier transform of the signal re-
ceived by each element (Minonzio et al., 2010). Background 
noise can be filtered by choosing the appropriate number of 
singular values to optimize the signal-to-noise ratio. In ad-
dition, BDAT allows visualization of the low-energy modes.

Once dispersion curves are obtained, waveguide character-
istics are retrieved through an inversion method, based on a 
two-dimensional transverse isotropic free-plate model, that 
allows the concurrent identification of cortical thickness and 
porosity (Figure 8). Site-matched microcomputed tomogra-
phy images of the bone specimens imaged served as the gold 
standard to assess the accuracy of thickness and porosity 
estimates. Excellent agreement was observed for thickness, 
and relatively good overall agreement was obtained for po-
rosity. In a pilot in vivo study, BDAT could determine corti-
cal thickness nearly as accurately as conventional HR X-ray 
computed tomography (Vallet et al., 2016).

BDAT is currently under clinical evaluation. In a study in-
cluding 205 postmenopausal women, including 102 with 1 or 
more nontraumatic fractures, fracture prediction was signifi-
cant for hip fractures with cortical thickness and for vertebral 
fractures with cortical porosity (Minonzio et al., 2017).

Looking Ahead
DXA remains the primary modality for the management 
of osteoporosis because it has imaging capability, can tar-
get the hip and spine, and has abundant evidence to support 
clinical utility. However, calcaneal ultrasound has demon-
strated comparable performance for fracture risk prediction 
in clinical trials involving thousands of women. Cortical 
ultrasound has also demonstrated substantial clinical util-
ity. Moreover, quantitative ultrasound device technology is 
rapidly evolving, with several new device designs introduced 
just in the last few years. Because of its established clinical 
utility, lack of ionizing radiation, low cost, and portability, 
quantitative ultrasound has a promising future, especially 
for screening.

Disclaimer
The mention of commercial products, their sources, or their 
use in connection with material reported herein is not to be 
construed as either an actual or implied endorsement of such 
products by the Department of Health and Human Services. 
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Speech: It’s Not as  
Acoustic as You Think

There are many ways that we understand speech by paying attention to 
things other than what is spoken.

The waveforms patterns bounced up and down as if to evade my grasp.  
Spectrograms, supposedly there to help me quantify the exact 

difference between one vowel and the next, instead seemed to mock 
me with their peculiar and elusive patterns, changing with every 

utterance and every talker. Was it possible to really crack the speech code?  
The deeper I looked, at each frequency and each millisecond of speech, 

the farther I felt from understanding actual speech communication. 
My head recoiling in frustration, I sighed and turned away from the 

computer screen. As it turned out, looking away from the 
acoustic signal was a step in the right direction.

There is a humbling paradox of studying speech acoustics, which is that speech 
communication seems so rapid, effortless, and universal, yet scientific inquiry into 
the topic is overflowing with challenges and a vast ocean of unknowns (for a fur-
ther discussion of this, see the article by de Jong in this issue of Acoustics Today). 
The history of speech science is full of investigators tortured by the exhaustive 
search for the understanding of speech based on the acoustic signal itself. What 
could be more satisfying than to decode the key elemental sounds that make up 
the way humans communicate, absorb news, greet friends, tell jokes, and express 
thoughts? Best of all, the science of speech acoustics would provide objectivity. 
The utterance is familiar, and it can be measured in numerous ways. There is no 
need for subjective or enigmatic forays into the world of linguistic structure, hazy 
impressions of what is proper or improper, or indeterminate variations in mean-
ing and intention. If humans speak the sound, it should be possible to decode it 
with meticulous attention to the measurements. There is a kind of comfort in the 
nitty-gritty, irrefutable measurements of sound pressure, frequency, and duration. 

But it is possible to let this deep pursuit temporarily obstruct the view of the full 
expanse of the information used to understand speech, and there is also a risk of 
having too narrow a scope of what information should be regarded as essential to 
the communication process. With that in mind, this article is about how spoken 
language is not as acoustic as one might think. The number of ways that we take in 
and use information to interpret speech, apart from hearing the acoustic details of 
the signal, is staggering, and inspiring, especially to this author who identifies as 
an auditory scientist. Some examples are unsurprising, but others might stun you. 
The hope is that we can search for a more complete understanding of speech by 
paying special attention to the parts that are actually unspoken. 

To begin with, it should be noted that there is a good deal of useful information 
to be gleaned from the speech signal itself. A listener succeeds most when the 
frequency range of speech is audible and when there is sufficient perception of 
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both frequency and timing information. Hearing thresh-
olds, combined with factors related to aging, can certainly 
explain a substantial amount of performance observed in 
the laboratory and clinic (Humes, 2002; Akeroyd, 2008). To-
ward an understanding of the essential speech components 
necessary for the transmission of speech across telephone 
lines, Fletcher and Galt (1950) divided the sound spectrum 
into frequency bands and measured the contribution of each 
band to intelligibility. Deconstructing the signal into its 
most essential components is reminiscent of other sciences 
and has proven valuable. Similar approaches were taken by 
Miller and Nicely (1955) and revisited by Allen (1995) to un-
derstand how the energy in the signal is recovered and used 
by the listener in very specific ways. These principles are still 
used today in audiology clinics where the audibility of differ-
ent speech frequencies are used to estimate the performance 
of a person being fit with hearing aids.

Despite the intuitiveness and utility of explaining speech 
communication based solely on acoustic audibility, we get 
more information than acoustics alone provides. Some re-
ports claim that the variance in ability to perceive speech 
is not only affected but also mainly affected by nonauditory 
abilities (George et al., 2007). Other studies place the contri-
bution of nonauditory information at 30% to 50% (Humes, 
2007). In an influential report collecting observations across 
many previous studies, Massaro and Cohen (1983) sug-
gested that we embrace the integration rather than force the 
separation of auditory and nonauditory streams. As a con-
sequence, it is clear that one must give attention to contex-
tual factors when examining the acoustic properties of the 
speech signal. 

Talker Familiarity
It will come as no surprise that it is easier to understand a 
talker who speaks your particular dialect (Labov and Ash, 
1997), and the benefits scale to the relative distance of dia-
lect from your own (Wright and Souza, 2012; also see the 
article by de Jong in this issue of Acoustics Today). Further-
more, there are special benefits when listening to a longtime 
partner or spouse whose speech is measurably more intel-
ligible to the partner than to strangers (Souza et al., 2013). 
Talker familiarity can yield benefits even on very short tim-
escales because sentences are more intelligible when preced-
ed by sentences spoken by the same talker (Nygaard et al., 
1995). Notably, the counterbalancing of talkers and listeners 
in these studies demonstrates that acoustic factors cannot 
explain the effect. Instead, some other property of the lis-
tener or the relationship history, such as knowing a person’s 

dialect, the funny way “water” is said, or the words typically 
used, can make a substantial difference. 

Apart from the intuitive advantage of knowing who’s talk-
ing, there are some rather unusual and surprising effects of 
context. Simply changing the expectation of what a talker 
sounds like can affect how speech is perceived, even if the 
acoustics have remained unchanged. Intelligibility is poorer 
when utterances are thought to be produced by a person who 
is not a native speaker of one’s own language, even if the 
sound has not been changed (Babel and Russell, 2015). We 
routinely accommodate the acoustic difference between a 
woman’s and a man’s voice by, for example, expecting higher 
or lower frequency sounds, and this accommodation can be 
induced if the listener simply sees the talker’s face (Strand 
and Johnson, 1996), especially if the listener has a hearing 
impairment (Winn et al., 2013). 

Indeed, even seemingly unrelated objects in the environ-
ment, like stuffed animals, can affect speech perception! Hay 
and Drager (2010) conducted a clever vowel-perception ex-
periment that hinged on a listener’s knowledge of the differ-
ences in dialect between Australian and New Zealand vari-
eties of English. Imagine a vowel sound that is intermediate 
between the sounds that Americans would use for the vow-
els in the words “head” and “hid”; it would be a word that 
could fall either way. This vowel sound would be heard in the 
word “hid” in Australia but be perceived as “head” in New 
Zealand. In an experiment where stuffed toys were placed 
conspicuously in the room, the listeners were more likely to 
hear this ambiguous vowel as Australian “hid” when the toy 
was a kangaroo but were biased toward hearing “head” (a 
New Zealand interpretation) when the toy was a kiwi bird. 
The toy primed the listener to match the sound to the ap-
propriate dialect that would be associated with the animal 
despite no difference in the acoustic stimulus. 

Visual Cues
Visual cues are used by all sighted listeners, not just those 
with hearing loss. The complementarity of the ears and eyes 
in speech perception is remarkable. Speech sounds that are 
most acoustically similar (think of “f ” and “th” or “m” and 
“n”) are reliably distinguished visually (see Figure 1). The 
reverse is true as well. Even though it is nearly impossible 
to see the difference between “s” and “z” sounds, listeners 
almost never mistake this phonetic contrast (called voicing, 
referring to glottal vibration felt in the throat) even when 
there is significant background noise (Miller and Nicely, 
1955). The learned association between the sounds and 
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sights of speech is acquired in infancy (Kuhl and Meltzoff, 
1982), including the ability to detect whether a silent talking 
face is speaking the emergent native language of the infant 
observer (Weikum et al., 2007). 

Visual cues are so powerful that it can be hard to suppress 
them even when they are known to be phony. The most well-
known example of this was made famous by a series of ex-
periments by McGurk and McDonald (1976) in which the 
audio and video tracks of a single syllable were mismatched 
(e.g., the audio of /pa/ combined with the video of /ka/). In 
this situation, the visual stream will “fuse” with the auditory 
stream, yielding perception of /ta/, which is intermediate be-
tween the two source signals, even if the listener knows she 
is being tricked. This phenomenon has come to be known 
as the “McGurk effect,” and there are many different varia-
tions that have emerged in the literature (with many exam-
ples available online on YouTube, e.g., acousticstoday.org/
mcgurk and acousticstoday.org/mcgurk2). Even when the 
video is clearly from another talker (including mismatching 
stimuli from women and men; Green et al., 1991), the effect 
can be hard to suppress. There is evidence to suggest that 
auditory-visual fusion can be somewhat weaker in languag-
es other than English (Sekiyama and Tohkura, 1993) but 
for reasons that are not totally understood. Auditory-visual 
fusion is, however, a much stronger effect for people who 
have a hearing impairment (Walden et al., 1990), consistent 
with the relatively greater reliance on lip reading. There are 
also reports of speech sounds that are affected by touching 
the face of a talker as well (Fowler and Dekle, 1991) which, 

although not a typical situation, demonstrates that we are 
sensitive to multiple kinds of information when perceiving 
speech. 

Linguistic Knowledge and Closure
The same speech sound can be heard and recognized differ-
ently depending on its surrounding context. Words that are 
spoken just before or just after a speech sound help us inter-
pret words in a sensible way, especially when the acoustic 
signal is unclear. Consider how the word “sheets” is entirely 
unpredictable in the sentence “Ashley thought about the 
sheets.” Ashley could have been thinking about anything, 
and there’s no reason to predict the word sheets. Converse-
ly, if there is some extra context for that word, such as “She 
made the bed with clean…,” then the listener’s accuracy for 
recognizing “sheets” becomes more accurate, presumably be-
cause of the high amount of context available to help figure 
out what word fits in that spot. That context-related benefit 
can work both forward (prediction of the word based on 
previous cues) or backward (recovery of the word based on 
later information) in time. In either case, we are driven to 
conclude that the acoustics of the target word “sheets” can 
be studied to the level of the finest detail, yet we cannot fully 
explain our pattern of perception; we must also recognize 
the role of prediction and inference. Taking fragments of 
perception and transforming them into meaningful percep-
tions can be called “perceptual closure,” consistent with early 
accounts of Gestalt psychology.

There was once a patient with hearing loss who came into 
the laboratory and repeated the “… clean sheets” sentence 
back as “She made the bagel with cream cheese.” This was 
an understandable mistake based on the acoustics, as shown 
in Figure 2; the amplitude envelopes of these sentences are 
a close match. If we were to keep track of individual errors, 
it would seem that “bed” became “bagel,” “clean” became 
“cream,” and “sheets” became “cheese.” These are errors that 
make sense phonetically and acoustically. However, it is 
rather unlikely that the listener actually misperceived each 
of these three words. It is possible instead that once “bed” 
became “bagel,” the rest of the ideas simply propagated for-
ward to override whatever the following words were. Figure 
2 illustrates the mental activity that might be involved in 
making these kinds of corrections. 

A clever example of the listener’s knowledge overriding the 
acoustics was published by Herman and Pisoni (2003) who 
replaced several consonants in a sentence with different con-

Figure 1. Speech sounds that are acoustically similar (like the 
first consonants in the words “fin” and “thin”) are visually very 
distinct. Sounds that are visually similar (like “s” and “z”) are 
acoustically quite distinct, as seen in the stark differences in the 
low-frequency region of the spectra (bottom row). 

acousticstoday.org/mcgurk
acousticstoday.org/mcgurk
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sonants articulated at the wrong place in the mouth (e.g., 
“His plan meant taking a big risk” transformed into “His 
tlan neant tating a did rist” (see Multimedia File 1, parts a 
through d, at acousticstoday.org/speech-not-acoustic).

They called the mispronounced utterances “elliptical speech.” 
Although these sentences were very challenging to hear in qui-
et, a little bit of background noise invoked the strategy of us-
ing “top-down” processing to replace each misarticulated work 
with a more reasonable counterpart. The conversion of a non-
sensical utterance into a meaningful one is shown in Figure 3. 

Even the Acoustic Parts Are Not  
as Clear One Thinks
It seems intuitive to think of speech as sentences constructed 
from smaller units like words, which are themselves con-

structed from smaller units called phonemes. This building 
block framework not only fails to account for the influence 
of the aforementioned “top-down” factors, it also assumes 
that the smaller building blocks (individual phonemes and 
words) are themselves intelligible. However, this is frequent-
ly not the case. If the words from a sentences are stripped 
out and played in isolation, they are sometimes entirely 
unintelligible, again highlighting the importance of the 
surrounding context when identifying what is spoken. The 
intelligibility of short utterances excerpted from a conversa-
tion was analyzed by Pickett and Pollack (1963), who found 
that performance was only above 50% when substantial sur-
rounding context to a word was provided. Figure 4 shows 
how this is true for the sentence “His shoes were untied.” 
The first word in isolation sounds like “hish,” not like any 
recognizable English word (see Multimedia File 2, parts a 
and b, at acousticstoday.org/speech-not-acoustic). But when 
followed by the rest of the sentence, the original meaning 

Figure 2. Making the bed “with cream cheese” doesn’t make 
sense… it must have been “with clean sheets.” The amplitude 
envelopes of the sounds are nearly identical (top), which might 
explain why a seemingly drastic series of mistakes could be 
made. Within each interpretation, the words make sense in re-
lation to each other; the listener would probably not think of 
“bagels” and “clean sheets” as belonging in the same sentence. 

Figure 3. An utterance like “the dady slept in the trid” is non-
sense, but if the same utterance is heard with sufficient back-
ground noise, the brain replaces the unusual words with simi-
lar-sounding alternates that create a well-formed sentence like 
“the baby slept in the crib.” See also Multimedia File 1, parts a 
through d, at acousticstoday.org/speech-not-acoustic.

Figure 4. Articulatory motions for speech sounds overlap in 
time, producing utterances that would be confusing if heard out 
of context. Within the context of this sentence, “hish” can be in-
terpreted as “his” + the onset of “shoes” (see Multimedia File 2, 
parts a and b, at acousticstoday.org/speech-not-acoustic).
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can be recovered. The same is true for almost any casu-
ally spoken sentence. In “I’ll talk to you later,” the final 
four syllables usually come out as a blur with vowels re-
placed with mumbles (see Multimedia File 3, parts a and 
b, at acousticstoday.org/speech-not-acoustic), and in “This 
is as good as it gets,” some of the first few vowels are dropped 
entirely, leaving a sequence of buzzing “z” sounds for the 
listener to unpack as whole words (see Multimedia File 4, 
parts a and b, at acousticstoday.org/speech-not-acoustic).

Filling in the Gaps
The influence of nonacoustic factors like linguistic knowl-
edge is especially noticeable, and helpful, when the speech 
signal is hard to hear. When individual words are completely 
masked by noise, a listener can still fill in the gaps to cor-
rectly guess what was spoken; this has come to be known 
as perceptual restoration (Warren, 1970). Not only is percep-
tion of the speech smooth and continuous, the listener ap-
pears to mostly discard the perceptual details of the noise; if 
a coughing sound is made while a person hears a sentence, 
the timing of that cough cannot be reliably judged. In fact, 
people tend to estimate that it occurs at a linguistically rele-
vant landmark (e.g., where you might put a comma or break 
between clauses in a sentence), even if its position was truly 
random. This observation is merely a seed of a larger pat-
tern where people shape their perception of an utterance to 
match their framework of language. 

“When You Hear Hooves,  
You Expect Horses, Not Zebras”
Some words are spoken more frequently than others, and it 
comes as no surprise that they are more easily recognized, by 
both native and nonnative listeners (Bradlow and Pisoni, 1999). 
Listeners expect to hear words that have meaning. Consider a 
spoken utterance where the first consonant is ambiguous; was 
that first sound a /g/ or a /k/? If the mystery sound is followed 
by “iss,” then you are likely to hear it as a /k/, because “kiss” is 
a real word and “giss” is not. However, if the exact same sound 
is placed before “ift,” then you are more likely to hear it as a /g/, 
for just the same reason. This pattern is illustrated in Figure 5 
and can be heard in (see Multimedia File 5, parts a through g, 
at  acousticstoday.org/speech-not-acoustic). These scenarios 
again highlight how nonacoustic factors can play a role when we 
perceive speech. The acoustics cannot be said to solely drive the 
perception because the same consonant sound was used in each 
case. Only the surrounding context and intuition about likely 
word meaning can explain the bias. This particular lexical bias ef-
fect, commonly known as the “Ganong effect” for the author of a 

study (Ganong, 1980) who first described it, is observable mainly 
when the speech sound is ambiguous and not so much when it 
is spoken normally. However, as discussed below, the underly-
ing processes related to using context might be active earlier and 
more frequently than what shows up in basic behavioral tests. 

The pattern of biasing toward hearing things that are frequent 
or meaningful extends down to the level of individual speech 
sounds, which can come in sequences that are more or less 
common. Listeners can capitalize on likelihood and structure 
of words in their language to shape what they think they hear. 
For example, there are more words than end in the “eed” sound 
than the “eeg” sound, so if a listener is unsure when the final 
consonant was a /d/ or a /g/ but was certain that the preceding 
vowel was “ee” (transcribed phonetically as /i/), then the listen-
er could be more likely to guess that the final sound was a /d/.

It can be tempting to interpret nonacoustic effects like per-
ceptual restoration or lexical bias as a post hoc refinement of 
laboratory behavior rather than a real perceptual phenom-
enon. However, in addition to using linguistic knowledge 
to fill in gaps, people also appear to make predictions about 
upcoming speech that might or might not even be spoken. 
When the audio of a sentence is cut short before the end, 
listeners can still reliably say what will be spoken (Grosjean, 
1980), and can shadow a talker’s voice at speeds that seem 
impossible to explain by hearing alone (Marslen-Wilson, 
1973), suggesting that they quickly generate predictions 
about what will be heard before the sounds arrive at the ear. 

One of the most interesting ways to learn about speech and 
language perception is through the use of eye-tracking stud-
ies that follow a listener’s gaze as the person listens. Such 
experiments demonstrate that listeners rapidly and incre-
mentally perceive the speech signal and act on even the most 

Figure 5. The “Ganong effect.” When labeling a consonant that 
is morphed between /g/ and /k/, there will be more perceptions 
of /g/ when the consonant is followed by a syllable like “ift” be-
cause “ift” is a real word. If the same sound is followed by “iss” 
then more items in the continuum will be labeled as /k/. Per-
ception is driven not just by acoustics but also by the lexicon. 
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subtle bits of information as soon as the sound arrives at the 
ear. For example, when hearing “The man has drunk the …,” 
an observer will look at an empty glass but instead will look 
at a full glass when hearing “the man will drink the…” (Alt-
mann and Kamide, 2007). These actions make sense when 
you stop and think about the meaning of the words, but no 
such deliberate reckoning is needed because the eye gaze 
shifts are rapid and occur much earlier than the subsequent 
words like “water” or whatever else should finish the utter-
ance. This is yet another example of how perception of a 
word (“water”) is not just about receiving the acoustic pres-
sure waves but can also be shaped dramatically by factors 
that have nothing to do with the acoustics of the word itself. 

Prediction of upcoming words is not merely a neat trick that 
emerges in the laboratory; it is the foundational principle of 
entire frameworks of speech perception theories (see Lupy-
an and Clark, 2015). It is why individuals can complete our 
friends’ and spouses’ sentences and why one can expect a big 
play when a sports announcer’s voice begins to swell with ex-
citement. Brain-imaging studies have validated the idea of 
speech perception as a process of continual prediction and er-
ror correction rather than a straightforward encoding of the 
incoming signal. Skipper (2014) shows that there is actually 
metabolic savings afforded by the use of context, contrary to 
the idea that computing context is a costly extra processing 
layer on top of auditory sensation. He goes on to say that the 
majority of what we “hear” during real-world conversation 
might come not from our ears but from our brain. 

Conclusion
The study of speech acoustics has demanded creativity and 
collaboration among a variety of experts spanning multiple 
fields of study, including acoustics and beyond. There is so 
much literature on the topic that it is easy to lose track of a 
reality that is perhaps more obvious to a person who does 
not study speech communication: speech is not nearly as 
acoustic as one might think. Speech has been and will con-
tinue to be driven in large part by studies of the sounds of 
the vocal tract and the auditory-perceptual mechanisms in 
the ear that encode those sounds. It is undeniable that the 
quality of the speech signal itself plays a large role in our per-
ception; just ask anyone who has hearing loss. However, by 
recognizing the nonacoustic factors involved in speech per-
ception, one might better understand why computers don’t 
recognize speech as well as humans; despite hyperspeed de-
tailed analysis of the acoustic signal, only part of the infor-
mation is in the signal, and the rest lies elsewhere, either in 
the environment, on the face of the talker, in the statistics of 
the language, or, more likely, in the mind of the listener. 
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Introduction 
Everyone wants “quality” in the things that they have and use, but really, what does 
that simple word mean? From experience, we know that the definition of quality 
varies from item to item and from person to person. And we know that quality is 
usually multidimensional. In a car, some combination of looks, reliability, com-
fort, gas mileage, cost, accessories, etc. will define quality for a buyer. In academic 
publications, quality will be made up of a different set of factors. Our first goal in 
this article is to explore just what constitutes quality specifically for the publica-
tions of the Acoustical Society of America (ASA). After doing this, we then take a 
long look in the mirror to see how our main peer-reviewed journal, The Journal of 
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Figure 1: Acoustical Society of America (ASA) publications personnel present at the 
March 15, 2018, Publications Summit held in Melville, New York. Seated (left to 
right): Charlie Church (editor, The Journal of the Acoustical Society of America 
[JASA] Express Letters [EL]), Arthur Popper (editor, Acoustics Today), Jim Lynch 
(ASA editor in chief), Kent Gee (editor, POMA), Helen Wall Murray (manuscript 
manager, POMA), and Dan Farrell (ASA Web office manager). Standing (left to 
right): Kat Setzer (editorial coordinator, Acoustics Today), Liz Bury (managing edi-
tor, JASA and JASA-EL), Ning Xiang (associate editor, JASA), Vladimir Ostashev 
(associate editor, JASA), and Kelly Quigley (manuscript manager, JASA). Missing 
are Adrian KC Lee (associate editor, JASA), who was en route to Australia, and 
Mary Guillemette (ASA publications manager) due to her being “snowed in” on Cape 
Cod, Massachusetts; KC and Mary called in for the meeting.
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the Acoustical Society of America (JASA) and its special sec-
tion JASA Express Letters (JASA-EL), measure up to current 
quality standards. And finally, after seeing where we are, we 
look toward the future. What do we want to do and where 
do we want to be in 1 year, 5 years, and (for the Acoustical 
Society’s 100th birthday) 10 years down the road?

As mentioned, our main focus in this article is on JASA and 
JASA-EL. But before getting to these publications, we need 
to mention what our other two publications, Acoustics To-
day (AT) and Proceedings of Meetings on Acoustics (POMA), 
bring to our overall “suite” of publications. 

AT gives ASA publications a popular magazine that can 
reach a much broader audience than just acoustics practitio-
ners (but including them), covers the full range of acoustics 
topics, informs people about the ASA and other topics of in-
terest, and is distributed both free online and in an attractive 
glossy paper format. AT is, in a sense, the ASA and acoustics 
“public ambassador.” This is a very desirable niche to fill.

POMA is the ASA conference proceedings journal. It is a 
lightly reviewed, free-access publication and gives authors 
who attend the ASA meetings or cosponsored meetings a 
quick and easy way to disseminate their ideas. POMA is a 
good tool for nonacademic acoustics practitioners as well 
as academics. Importantly, publishing in POMA does not 
constitute prepublication for any other ASA publication. 
POMA, like AT, has a strong function as an outreach tool 
as more and more cosponsored meetings, often outside the 
United States, are using it. These two publications, POMA 
and AT, give ASA publications a breadth and outreach ca-
pability that are not possible with strictly peer-reviewed, ar-
chival journals. 

JASA, including its special section JASA-EL, is an archival 
and fully peer-reviewed journal. JASA-EL is designed for 
quickly reviewed and published “extended letter” research, 
whereas JASA is a full-length, historically well-known major 
journal. Both are similar in many ways and are published 
together, but they are not entirely the same. So the judgment 
of quality for each will be slightly different. 

Before plunging into the details of quality, however, we owe 
the reader one more general explanation: specifically, who 
are the “we” that are referred to rather generously in this ar-
ticle (Figure 1)? The authors of this article are the four people 
who work in the ASA main publications office in Hyannis, 
Massachusetts, but they are only a small part of the “we” for 
ASA publications. “We” also consists of editors in Maryland, 

Vermont, and Utah; publications personnel in the ASA main 
headquarters in Melville, New York, and in various cities in 
Massachusetts; and a large and extremely good staff of as-
sociate editors (AEs) located around the world. We are very 
much a team, and our publications are a team effort.

So, What Does Constitute Quality  
for the Journals?
Let’s start the “quality definition” discussion for both JASA 
and JASA-EL by trying to list the factors that comprise qual-
ity in an archival journal. Just like in our automobile ex-
ample, there are multiple qualities to consider in evaluating 
a journal, and the weighting factors differ from person to 
person and institution to institution, where the latter can be 
academic or industrial/government/commercial. 

There exists today a vast literature devoted to the issue of 
journal quality; this is far from a new topic. Rather than 
trying to give even a brief overview of what journal qual-
ity is from this literature, let us instead cite something from 
a website produced by a typical vested stakeholder in jour-
nals, a library. In particular, we looked at the Boston Col-
lege Libraries site and their article called “Assessing Journal 
Quality: Journal Quality” (Boston College Libraries, 2018). 
Libraries invest a major part of their budgets in journals and 
therefore are very concerned and critical parties in evalu-
ating quality in order to decide which publications to pur-
chase. There are many other vested parties in publication 
quality, including publishers, professional societies, authors, 
and readers, but as an example, libraries seem a fair and rep-
resentative choice. 

To begin, we quote the Boston College Libraries (2018) 
posting, “Traditional measures, such as peer review, im-
pact factor, and the reputation of the journal, continue to 
be hallmarks within the academic community.” It continues, 
“Increasingly, alternative metrics (sometimes referred to 
as “altmetrics”) are being considered in evaluating journal 
quality, tracking the diffusion of scholarship through non-
traditional sources such as blogs, social media, and other on-
line systems.” This posting, in addition to spelling out some 
prime and well-known journal quality metrics, also makes 
another very interesting point; the world of publications is 
rapidly changing and has now fully entered the “electronic 
media universe,” and so more than just traditional metrics 
must be considered. 

But this Boston College short list is just the tip of the ice-
berg; there are many other qualities and metrics to consider. 
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Our own (admittedly tailored) list includes (1) speed (in 
handling, review, revision, publication); (2) standard met-
rics other than impact factor (IF) such as acceptance rate, 
eigenfactor score (eigenfactor.org), cited half-life, usage, and 
immediacy index (all to be defined and discussed below); (3) 
altmetrics; (4) quality of reviews; (5) customer service and 
professional courtesy; (6) ease of submission and revision; 
(7) having a full suite of features (e.g., open access, multi-
media, supplemental material); and (8) language services for 
international authors and others needing assistance. There 
are certainly many more items that can be added, and some 
academic articles list up to 35 different factors! But our short 
list, along with that from Boston College, includes the fac-
tors we need and should suffice for now. 

Reputation, Speed, and Quantitative 
Metrics, Including Impact Factor:  
Where Do We Stand?
Having created a usable list of factors for determining the 
quality of publications like JASA and JASA-EL, let us now 
discuss these factors individually, concentrating on where 
our journals are at present.

We begin with the most intangible but perhaps the most im-
portant factor, a journal’s reputation. The reputation of JASA 
(and, by association, JASA-EL) has been excellent since the 
inception of JASA in 1929 and continues to be so based on 
brief postpublication author surveys by our publisher, the 
American Institute of Physics (AIP) Publishing (AIPP), 
and our recent JASA author and reader survey conducted 
by KWF Consulting (Hager and Rivera, 2018). This is good 
news for us because a good reputation helps attract good au-
thors, reviewers, and editors. 

However, reputations are fragile things and must continually 
be earned and maintained. Our attitude at ASA publications 
is that JASA and JASA-EL are two of many good journals 
competing for high-quality material to publish and that we 
have to keep our standards high in all aspects of the publica-
tions enterprise to stay competitive.

Besides an author choosing to publish based on the reputa-
tion of the journal (assuming it is appropriate for the au-
thor’s material), the two other most commonly asked ques-
tions by potential authors are (1) how fast is the journal 
editorial process and (2) what is the journal’s IF? Since we 
recently published an AT article about the speed factors of 
JASA (Lynch and Lee, 2017), let us deal with that first be-
cause it is a fresh topic in our minds. 

When James Lynch first came on as editor in chief in Novem-
ber 2014, perhaps the biggest criticism of JASA and JASA-EL 
was that speed to publication was, on average, far too slow 
and that some manuscripts could linger for unduly long 
times with little attention. This problem needed an immedi-
ate solution, and toward that, two strategies were pursued. 

The first was hiring a full-time managing editor (Elizabeth 
“Liz” Bury), who, along with the publications staff, now 
carefully monitors the timelines and progress of all of our 
manuscripts and takes active steps to remind the pertinent 
editors, authors, reviewers, and others when one appears to 
be lagging. Understaffing was a problem that resulted in a 
slower system, and ASA publications has, with the help of 
the ASA’s Executive Council, now mostly filled those needs 
with Liz and other hires. 

The problem of the “mean time to publication” was addressed 
by doing a careful systems analysis of the stages of the publi-
cation process and identifying the significant delay areas for 
our publications. Time to first decision was the first piece ad-
dressed, with the time in review and the time in revision com-
ing next. As far as the mean time to first decision goes, we can 
let the numbers speak for themselves. From about 100 days 
in 2015 and before, the mean time to first decision for JASA 
has come down to its (initial) goal of 60 days in 2017. And the 
time to accept decision for JASA has come down from about 
200 days in 2016 (and a few years before) to 147 days in 2017, 
with our eventual goal being 120 days (4 months). 

JASA-EL has shown similar improvement, coming down 
from 69 days in 2016 to 46 days in 2017 for a mean time to 
first decision and trimming the time to accept decision from 
113 days in 2016 to 86 days in 2017. These are significant 
gains, and the editorial team is working to improve these 
gains even more. 

Time in review and time in revision are currently being 
examined to see what possible gains can be made in these 
areas. But in the meantime, we carefully monitor the times 
spent in these areas, and our use of frequent “reminders” has 
helped speed them up already.

However, being the fastest journal around is not our ultimate 
goal; being the highest quality journal we can is our goal. 
This means that if we need to take some additional time to 
ensure that a manuscript is given proper review and treat-
ment, we will concede some speed to quality.
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Impact Factor
The next major item on the list is quantitative quality met-
rics, with IF being the most widely known, used and (in 
some cases) abused (Nature Editorial, 2016). Other impor-
tant metrics include eigenfactor score, cited half-life, imme-
diacy index, usage, and acceptance rate. Depending on what 
the user/evaluator of the journal wants, any one of these, or a 
weighted average of them, might be the best descriptor of the 
journal. But IF is by far the dominant player in this group, at 
least in the academic world. Without getting unduly techni-
cal, IF is a “measure of the frequency with which the ‘aver-
age article’ in a journal has been cited in a particular year or 
period” (see acousticstoday.org/impactfactor). Citations are 
considered a prime measure of an article’s academic impor-
tance, and so IF gets top billing. It is typically a two-year IF, 
but the longer five-year IF is also often seen.

The two-year IF for JASA over the past few years has hov-
ered in the 1.5-1.6 range. This is below the 2.0 and above that 
is often quoted for “high-tier” journals. The five-year IF for 
2016 was 1.850. This higher value is because JASA has a very 
long cited half-life (as will be discussed below). Improving 
the two-year IF is a serious consideration for JASA and JA-
SA-EL, not because we consider the IF to be the ultimate, 
defining metric of a journal’s worth (we don’t) but because it 
is taken seriously as such by many authors, administrators, 
and potential employers when deciding where to publish or 
who to hire or promote. Given its extensive usage in the aca-
demic world, we need to do something about improving the 
IF. And indeed, we have a strategy for this. 

The first part of our strategy has already been discussed, 
speeding up the publication process so that slow turnaround 
will not be a consideration discouraging good authors when 
they consider the journal in which they want to publish. The 
next part of our strategy, already being implemented, is to fig-
ure out what our IF is on a technical committee (TC) by TC 
basis (i.e., area by area), including Education and JASA-EL, 
rather than just looking at the integrated IF for JASA. The TCs 
represent very diverse areas of study, and the IF is often de-
pendent on the specific area and its level of funding and activ-
ity (e.g., van Nierop, 2009). So it makes sense to look at this 
level of “granularity,” to use the current business term. 

Our publisher, AIPP, provided us with the 2015 and 2016 
IFs on this TC by TC basis, which we then averaged for each 
TC. We then asked each of the TCs to provide a list of 5 to 
10 “competitor” journals to JASA in which their members 
also publish. We obtained the IFs for these journals, aver-
aged them, and then compared the IFs with the individual 

TCs. The results of this initial TC by TC study are still being 
digested and, until they are fully understood, will be internal 
to ASA publications. But they are very interesting, and we 
will continue to update and analyze such statistics over time. 
One result of the study that was immediately unambiguous 
was that the individual IF for JASA-EL (which was estimated 
by AIPP) was lower than expected. This was surprising, giv-
en that the popularity of JASA-EL with authors has increased 
recently, based on the numbers of submissions, downloads, 
and other factors. This finding has led us to making a study 
of the processes, publication model, and mission for JASA-
EL a high priority.

Turning back to our IF campaign, we have a number of other 
strategies that we are also pursuing in addition to the two 
(increasing speed and in-depth analysis) discussed above. 
Citation counts are heavily affected by the most highly cited 
(high-impact) papers. So pursuing such papers and their 
highly respected authors is a good strategy for improving 
the IF. We have begun to solicit, with AIPP supporting these 
efforts, much more “special content” material (e.g., Special 
Issues, Reviews, Tutorials, Invited Articles, Forum Articles) 
than we have in the past. This will be a benefit for authors 
and readers in that these articles are free access (no pay 
wall), will (soon) reside on a special “landing page” on the 
JASA website and be highly promoted. From our viewpoint, 
soliciting content is a positive move because our readers 
value such material; it can bring in articles for hot or under-
represented topics and will help the journal’s IF.

However, we are presently very reluctant to pursue the op-
posite strategy to this and penalize low-impact areas (ones 
with many “zero cites”) because zero cites could come from 
a variety of factors (including underexposure) and doesn’t 
necessarily mean that an article is of low quality. Also, most 
importantly, the different disciplines that comprise the ASA 
and JASA have different IF expectations (van Nierop, 2009), 
and the historical mission of JASA is to serve all the techni-
cal areas that comprise the ASA. There is also the point to 
consider that the ASA and JASA welcome both academics 
and practitioners, and although one community may favor 
citations and peer-reviewed papers, the other may prefer 
downloads and conference papers as their modus operandi.

Another aspect we will do to improve the IF is to work on 
tightening journal standards, which includes decreasing our 
acceptance rate somewhat, to 50% or below, for both JASA 
and JASA-EL. This really is not a negative because prevent-
ing an author from presenting lower quality material is in 
both his/her interest and the journal’s. 
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As a last note on IF, we firmly state that we shun any gaming 
of the system (other than adding quality material and reject-
ing lower quality material at the review stage) to improve 
the IF. Tactics like requiring authors to cite JASA, timing the 
release of certain articles early in the year to improve the IF, 
or declining articles that are appropriate to JASA but are less 
likely to be cited are not employed by ASA publications and 
will not be. We insist that whatever recognition that comes 
to ASA publications comes by honestly.

Other Metrics
Having treated reputation, speed, and IF, probably the most 
widely discussed journal metrics, let us turn to some oth-
er very important but comparatively neglected quantita-
tive metrics of journal performance. The following metrics 
should be considered for JASA: eigenfactor score, cited half-
life, immediacy index, acceptance ratio, and usage. There 
are, of course, many more quantitative metrics one can con-
sider, but this group gives a good representative sample. 

Eigenfactor score is often referred to as a rating of the total impor-
tance of a scientific journal, and at 0.032, JASA ranks first among 
acoustics journals indexed in the Web of Science, according to 
AIPP’s analysis presented at a recent publication review meeting. 
Journals are ranked by incoming number and the quality of ci-
tations (“incoming number” excludes internal citations in JASA 
articles), with citations in highly ranked journals being weighted 
more heavily than journals with lower ranks. Interestingly, over 
75 percent of JASA’s citations come from other journals. As a 
measure of net journal worth, the eigenfactor score is thought by 
some to be a more robust measure than IF. 

Cited half-life (or shelf life) is “the median age of the ci-
tations received by a journal during” a given year (see 
acousticstoday.org/citedhalflives). JASA has enjoyed a good 
cited half-life of greater than 10 years (the maximum period 
considered) from 2010 to 2016! This statistic probably varies 
across TC areas, an issue we are currently looking into, but 
overall it is a good one for JASA. 

Immediacy index, which is the average number of times an 
article in a given journal is cited in the year it is published, 
was 0.255 for JASA in 2016. This is not a high number but 
is not unexpected for a journal with a long cited half-life. 
The immediacy is a more important statistic for fast-moving 
rather than “slow-burning” topical areas.

Next in discussing quantitative metrics, we come to accep-
tance rate. This fluctuates between 50 and 60% for JASA and 
JASA-EL. As mentioned, we are aiming for ≤50% as our goal, 

in line with AIPP’s journals, and so will be making our ac-
ceptance hurdle just a little higher.

Finally, we look at downloads, an important quantitative 
metric of how much usage a journal is getting. (This num-
ber is especially important to libraries in making their deci-
sions to maintain subscriptions in times of declining bud-
gets.) Encouragingly, the number for JASA in combination 
with JASA-EL has gone up from about 800,000 per year in 
2013 to about 1,350,000 in 2017, a 69% increase in 5 years. 
This statistic means that readership of JASA is increasing. 
We should note that this does not necessarily scale with cita-
tions because many of our valued readers and users are not 
academics but practitioners of acoustics for whom journal 
citations are not the “coin of the realm.” ASA publications 
reach a wide and varied audience. 

Qualitative Quality Factors
Having explored a sampling of quantitative metrics, let us look 
at some (equally important) qualitative ones. Our list includes 
(1) quality of reviews, (2) customer service and professional 
courtesy, (3) ease of submission/revision (author experience), 
(4) full features being available, and (5) language services for 
international authors and authors requiring assistance. 

The first item on our “qualitative” list, quality of review, is of 
paramount importance. Our standard level is two substan-
tial reviews per article and supplemental reviews if needed. 
Our staff of AEs is large so that we can deliver a quality re-
view for each article in the numerous disciplines that JASA 
and JASA-EL cover. To aid our AEs, we undertook a massive 
“data cleaning” of our reviewer databases in JASA and JASA-
EL Editorial Manager sites in 2017, which removed close to 
50,000 inactive/duplicate names from our list of potential 
reviewers, and we have plans to maintain the databases go-
ing forward. This makes AE searches for reviewers within 
the databases much easier. Additionally, the "PDF for Re-
viewers" that we ask authors to create with line numbers and 
embedded figures and tables is a recent feature that has been 
well received by reviewers. While we have heard occasional 
negative feedback from authors regarding this extra require-
ment, reviewers are using it routinely and like it. We remain 
open to reconsider this file in the future, but for now, the 
reviewer PDF is beneficial by keeping many good reviewers 
from declining.

The next item, customer service and professional courtesy, 
is something that can be easily overlooked in the slightly ad-
versarial world of peer review. Our aim is to keep the peer-
review process professional and courteous; it’s hard enough 
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for an author to have his/her work criticized, but having that 
criticism be impolite just results in bad feelings and uncon-
structive dialogue. Also, we strive for rapid communications 
with our authors, reviewers, and other concerned parties. 
Having your communication ignored is galling to anyone, 
and if you want to show that you value your customers and 
stakeholders, as our publications do, getting back to them 
quickly is one way to do it.

Ease of submission and revision (i.e., the “author experience” 
as publishers call it), is another area where we are working 
to make things cleaner and easier. It is one area where we 
have had more complaints than for other areas, and we are 
sensitive to these concerns. To begin with, we have upgraded 
our LaTeX templates for the numerous authors who use this 
package. Since the launch of the new templates in August 
2017, we have had relatively few complaints and questions. 

The second item in the submission process is the list of au-
thor questions on the Editorial Manager submission system. 
These were constructed rather quickly when we made the 
transition from the Peer X-Press system to Editorial Man-
ager, and, admittedly, these questions have some redundan-
cies and inconsistencies. These are presently being redone by 
the publications staff, and we hope to have the improved list 
working very soon. 

The “author checklist” is another area where we have had 
some negative feedback, and, again, we take this input seri-
ously. For new submissions, we try to keep this list to the 
minimum of items needed for a decent, reviewable manu-
script and to only return manuscripts for major omissions. 
For revised submissions, we have more requirements that 
are needed because the manuscript is likely to be eventu-
ally accepted. We carefully review both the new submission 
checklist and the revision checklist at least twice a year. 

Finally, there was a delay in manuscript processing that we 
used to incur when our publications staff were at ASA meet-
ings or otherwise unavailable. That delay has now gone away 
because we have developed detailed procedures with docu-
mentation (which we are continuing to expand) and have 
backup coverage in place for our publications staff. This is 
the type of “process progress” we like to have happen.

Our fourth list item, full features, is one that we are close to 
having fulfilled at this time. Multimedia capabilities, supple-
mentary material, open access, publish ahead of print, and 
(soon) immediate publishing of Special Issue papers are all 
realities for both JASA and JASA-EL. We will continue to 
keep abreast of the continuing changes and emerging tech-

nologies and work with AIPP and ASA to implement them 
if they are of use.

Our final “qualitative item” on the list is working with in-
ternational authors, both in attracting them and in dealing 
with English language difficulties. The ASA designation “of 
America” denotes our origin and headquarters location but 
belies the fact that the ASA and its publications are now very 
international as is usual for modern technical societies. We 
wish to attract more and more international authors and 
have been working on strategies to do so. 

But one problem that we (and all single-language journals) 
have is that some manuscripts from nonnative English-
speaking authors may be poorly written. As a consequence, 
technical journals can miss out on excellent material due 
to a secondary consideration (language skills). If a manu-
script’s language is such that an editor, reviewer, or reader 
can’t understand significant parts of it, its technical con-
tent is totally negated. Fortunately, AIPP has author ser-
vices (authorservices.aip.org), including English language 
editing, for reasonable fees that authors can use, and in the 
near future, we will be advertising it more prominently on 
our JASA and JASA-EL websites. We are also looking at oth-
er possible support programs, although these are still in the 
formative stages. The bottom line message here is that we 
value our international authors and will be making greater 
efforts to attract and retain them. 

Broader Journal Quality Initiatives
Up to now, we have discussed rather specific, fine-tuned re-
sponses to particular concerns and parts of the publication 
process. But there is a lot of activity and effort expended on 
a broader scale, and here we describe what some of these 
efforts are. They fall into diverse categories, but all share the 
common aspect of helping to improve our journals’ quality 
and our authors’ experience in publishing. 

One of the most important groups we consider when dis-
cussing publications strategy is early-career authors and 
readers. (For this discussion here, we define early career as 
graduate students, postdocs, assistant professors, and non-
academic professionals in their first decade of employment.) 
Two very positive developments aimed at our early-career 
authors are the ASA “Publications Workshop” and our pro-
gram of an early-career publication award that is under de-
velopment. 

The Publications Workshop, inaugurated at the ASA New 
Orleans meeting in Fall 2017, was designed to give the par-
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ticipants a feel for what an author, reviewer, and AE might do 
in handling a deeply (and purposely) flawed sample manu-
script and its attendant correspondence. The New Orleans 
workshop turned out to be both educational and quite a bit of 
fun for the participants. The scientific, ethical, and communi-
cations problems posed by the sample manuscript were based 
on real life but also a bit exaggerated and even comic so that 
this wasn’t just a dry exercise. Based on the positive response, 
we are planning for these workshops (and similar ones for the 
Society) to be repeated in the future at reasonable intervals. 

As to giving out an yearly early-career award, most journals 
do so these days, and it is time that our journals do so as 
well. Additionally, awards are being discussed for all career 
stages, not just for our early-career professionals. 

Staying a little while longer with our younger demographic, 
we should also mention the ASA and ASA publications so-
cial media efforts. While there is a small to medium num-
ber of older (e.g., baby boomer) acousticians who use social 
media (e.g., Facebook, Twitter, LinkedIn), the younger gen-
erations have grown up with social media being an integral 
part of their lives and communication network, and social 
media impact is considered in the altmetrics for an article. 
So, to reach this younger demographic, technical societies 
and their publications need to develop a strong social media 
presence, and the ASA and its publications are doing just 
that. ASA publications now have a presence on Facebook 
(@ASAPOMA; @JournaloftheAcousticalSocietyofAmerica) 
and Twitter (@ASA_POMA; @ASA_JASA). ASA publica-
tions recently partnered with Kudos (acousticstoday.org/
kudos), which is a Web-based service that helps authors fur-
ther promote their publications. A broad, coordinated plan 
between the ASA and its publications is in development and 
should be of real value to our social media users.  

In addition to social media, we are actively working with 
AIPP to better utilize the journal sites and also do more 
email campaigns to promote and disseminate our publica-
tions. The new journal site for JASA features four articles per 
quarter in a “Technical Area Picks” section (acousticstoday.
org/TAP), which are chosen by the TC chairs, with this ma-
terial being made free access while featured. A Special Con-
tent landing site (nearing completion) will feature all Special 
Issues, Review, Tutorial, Guest Invited, and Forum papers, 
again with additional promotion and free access. In addi-
tion to these Web initiatives, email promotion campaigns 
are also being routinely deployed for ASA publications, 
giving our authors’ publications further visibility. And for 
the old-fashioned members who prefer print, physical fliers 

and brochures describing the ASA publications and featured 
papers are given out at many of the meetings that acousti-
cians routinely attend. Although advertising and promotion 
of published papers may not seem initially to be a “quality” 
factor, making sure your work gets read and used really is 
a piece of a publication’s overall quality and is being taken 
seriously. 

What Do You Really Think of Us?
Along the lines of outreach to our publication stakeholders, 
there is one more category to mention: surveys, suggestions, 
and complaints. In February and March 2018, we had KWF 
Consulting design and conduct an author and reader survey 
for JASA and JASA-EL, where 16,000+ email requests were 
sent out (Hager and Rivera, 2018.). We received nearly 2,000 
replies, and we are currently reviewing the analysis and re-
port. The overall feedback is positive, but we will examine 
the survey results closely to create action items in areas we 
can further improve. The results from this will be discussed 
extensively at the Minneapolis ASA meeting. Also, AIPP 
supplies ASA publications each month with the results of 
a brief postpublication “author survey” that includes both 
comments and statistics. And finally, we always welcome 
author, reviewer, reader, and editor feedback on any of the 
components of our publications and their processes. We 
welcome both positive and negative comments as we learn 
from both. And we do try to reply to all we receive, although 
we are occasionally a bit slower than we’d like to be. Address 
such correspondence to either our managing editor or the 
editor in chief, if you would.

Some “Very Boring Basics”  
That Keep the Wheels Turning
Besides external inputs from our readers, authors, reviewers, 
etc., JASA and JASA-EL also benefit from a lot of internal 
communication and evaluation. On the peer-review side, the 
Editorial Manager’s Enterprise Analytics Reporting (EAR) 
status reports are assembled by our managing editor to be 
reported at each ASA meeting as well as for reporting for 
quarterly key metrics reports and other process tracking or 
analysis. On the publications side, AIPP provides quarterly 
reports and a yearly synopsis of our published paper activity, 
which again provide updates to our ASA meetings with the 
Executive Council, Technical Council, and Editorial Board. 
We are trying hard to keep up-to-date statistics to inform us 
of our status, and these are two internal ways we do so. 

Additional inputs from within the publications world also 
help us monitor and maintain our quality factors. We have 
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our Editorial Board Luncheon and Business Meeting for JASA, 
JASA-EL, and POMA at each ASA meeting. Once a month, 
AIPP and the ASA publications office have a conference call 
to work on ongoing projects and concerns. Also monthly, the 
ASA Strategic Plan Task Force 3 subgroup (focused on publi-
cations strategy) has a conference call. On a (roughly) biyearly 
basis, our peer-review system provider, Aries Systems, gives 
webinars to our associate editors to teach new editors and up-
date all editors on the Editorial Manager peer-review system. 
And once a year, Aries Systems has an Editorial Manager User 
Group (EMUG) meeting in Boston that is usually attended by 
a few members of the publications staff, where all the latest is-
sues of peer review and workflow are discussed. Twice a year, 
AIPP hosts it’s “Panel of Editors” meeting, where the broad 
aspects of the publications world are discussed as well as the 
finer details of publishing with AIPP. 

Perhaps a bit more exciting, on March 15, 2018, a day-long 
“ASA Publications Summit” was held, which was a large-
scale review of all of the ASA publications. Large reviews 
like this are infrequent, but when they happen, they are 
enormously helpful. Both ASA and AIPP personnel took 
part (see Figure 1) and developed a large list of action items 
and ideas to help stimulate the growth and quality of all of 
the ASA publications. 

This may seem like a large number of meetings overall, but 
these mostly mundane, workaday affairs are absolutely nec-
essary if one wants to stay abreast in the publications world 
or even get a little ahead of the game!

Concluding Remarks and Thoughts  
Toward the Future
If you have had the tenacity to read this far, you will perhaps 
agree that evaluating and continually improving journal 
quality is a very multifaceted topic. Publishing journals like 
JASA and JASA-EL takes constant attention to detail, good 
team work, extensive communications, and overall devo-
tion. ASA publications is fortunate to have a very good staff, 
publisher, peer-review system, editorial board (AE) staff, 
and vendors as well as a Society that cares deeply about its 
publications. All these components work to provide our au-
thors and readers a high-quality venue in which to publish 
their work and read that of their colleagues. 

Finally, as we promised to discuss, where do we envision being 
in 1, 5, and 10 years from now, assuming that the Fates are kind? 

The one-year prediction is the easiest, of course. Given the 
inputs from the Publication Summit, the KWF Consulting 
survey (Hager and Rivera, 2018), AIPP’s inputs, our internal 
statistics studies, and so on, our list of important things to 
do is long. It will easily take us a few years to accomplish the 
main items on this list. But the near-future roadmap is there 
and has been thoughtfully worked out, and our immediate 
future lies in following it.

As to the five-year mark, it is more appropriate to talk about 
expectations than about concrete plans. In 2023, we would 
hope to see both JASA and JASA-EL enjoy a higher IF and a 
higher rate of submissions and contain more special content 
features and articles. Also by this time, the paper and CD 
versions of JASA might be phased out, although that is not 
certain. And, of course, our speed and quality initiatives will 
continue to be pursued and improved. 

In 2028, the year before the 100th birthday of the ASA, we 
fully expect a huge flurry of activity in looking at what the 
ASA and its publications have accomplished. And although 
this certainly will have a strong retrospective component, we 
hope there will be a strong forward-looking one as well. The 
ASA and its publications have historically had, and will have 
in the future, a large role to play in the universe of sound.
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The Committee on Archives and History is charged with preserving the 
history of the Acoustical Society of America, including ensuring the avail-
ability of materials for review and use for use during future anniversary 
meetings of the Society.

Where can one find information about Frederick V. Hunt, in whose memory the 
Acoustical Society of America (ASA) annually offers the Frederick V. Hunt Post-
doctoral Research Fellowship in Acoustics? Where can one find information about 
the focus of each of the various ASA technical committees during the first 75 years 
of the ASA (and when and where was the 75th anniversary celebrated)? What 
prominent acousticians have mentored many students who have become contribu-
tors to the ASA? Where can one find information about prominent acousticians 
and other resources on acoustics? Begin to find answers to these and many more 
questions on the website of the Archives and History Committee of the ASA 
(asahistory.org). 

In recognition of the importance of maintaining materials of historical value, 
in 1988, the Executive Council of the ASA established the Archives and History 
Committee; the first chair of the committee was William J. Cavanaugh, who served 
from 1988 to 1991. All technical areas of the ASA are represented in the member-
ship of the committee. Making the historical materials available to current and 
future researchers, potential students of acoustics, and the leadership of the ASA 
allows us to understand how we have come to our present knowledge (and organi-
zational structure) as well as to appreciate the contributions of those persons who 
helped to discover that knowledge. 

In practice, the Archives and History Committee has focused on preparing for an-
niversary celebrations of the ASA (check the link to “ASA at 75” at asahistory.org) 
and between such celebrations helps preserve the history of the ASA and the many 
subdisciplines of acoustics. One ongoing activity of the committee has been the col-
lection and preservation of oral histories of prominent contributors to acoustics and/
or the ASA. This is done in conjunction with the Center for the History of Physics 
at the American Institute of Physics (AIP) (acousticstoday.org/physicshistory). Two 
complementary activities are to preserve key documents or other archival material 
related to acoustics and to collect and present the collected works of the pioneers in 
acoustics. This latter activity is called the Collected Works of Distinguished Acous-
ticians (CDA) project; check the Works of Distinguished Acousticians’ tab on the 
Archives and History page (acousticstoday.org/works). The committee also sponsors 
and cosponsors sessions at meetings of the ASA; the posters from a session on acous-
tical genealogy are also available at asahistory.org. 

Acoustical Society of America Anniversary Activities
The committee is specifically charged in the Rules of the Society with ensuring “the 
preservation and availability of artifacts and documentary materials for review and 
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possible use during future anniversary meetings of the Soci-
ety” (Rule 24.4). The book, ASA at 75, prepared for the 75th 
anniversary celebration at the 147th meeting of the Society 
held in New York in May 2004, is the result of this charge. 
ASA at 75 contains chapters for 13 technical areas as well as 
education in acoustics. ASA at 75 is available on the Archives 
and History page on the Society’s website (asahistory.org/asa-
at-75).

Oral History Project
In addition to preparing for ASA anniversary celebrations, 
the Archives and History Committee has been collecting 
and preserving oral histories of prominent figures in the 
Society in particular and acoustics in general. All officers 
and medal recipients are automatically on the oral history 
“wish” list; names of other prominent persons in acoustics 
should be forwarded to the Archives and History Commit-
tee for consideration of inclusion on the list. Our goal is to 
collect oral histories from all persons on the “list” through 
the volunteer efforts of members of the ASA, who conduct 
the interviews. Currently, transcripts of fewer than 50 oral 
histories of these persons are on deposit at the Niels Bohr 
Library and Archives of the American Institute of Physics 
(acousticstoday.org/oralhistory). For a current list of oral 
histories, check the “Oral Histories” tab at asahistory.org.

The interviews are conducted by volunteer members of the 
ASA who arrange to meet with the interviewee, record the 
session, and submit the recording to the AIP History Pro-
gram for transcription. There are procedures for conduct-
ing an interview that include obtaining signed permission 
forms both before the interview and again after the final 
transcript has been prepared and approved. The interview it-
self begins with a set of standard questions, following which 
the interviewer focuses on the interviewees professional ac-
tivities. The transcript is sent to the interviewee for editing 
and the interviewer for preparation of an abstract. What we 
need most urgently for this project are volunteers to meet 
with those officers and medal recipients not yet interviewed 
(more than 40 officers and 200 medal recipients). We wel-
come all of you interested in joining this effort to collect oral 
histories of prominent contributors to the field of acoustics. 

Works of Distinguished Acousticians
This project, which began in 2006, was developed to provide 
full access to the contributions of some of the most distin-
guished members of the ASA. In addition to traditional pub-
lications, these collected works include oral histories, pho-

tos, movies, and videos. Thus far, the ASA Executive Council 
has approved three collected works projects. The link for or-
dering the first project in the series, the “Collected Works 
of Isadore Rudnick” is available at acousticstoday.org/works. 
The collected works of Leo Beranek and Harvey Fletcher are 
currently in production. 

Acoustical Genealogy
There have been two acoustical genealogy poster sessions 
that celebrate academic lineages and ancestry in all tech-
nical areas of acoustics. Some posters focus on individu-
als (e.g., David Blackstock, Katherine Harris, and Isadore 
Rudnick) and others focus on laboratories (e.g., Indiana 
University and the National Center for Physical Acous-
tics). The first poster session was at the 153rd meeting of 
the ASA in Salt Lake City, Utah, in June 2007. The second 
poster session took place at the 166th meeting of the ASA 
in San Francisco in December 2013. The posters are avail-
able at acousticstoday.org/genealogy.

Other Archival Sources
There are three categories of material under the Archives tab 
on our website, External Archives (which are actually three 
resources provided by the AIP), Special Archives, and the 
History of the ASA, that are also available as a link on the ASA 
website home page. The External Archives are links to sev-
eral other sources of information, including the AIP and Niels 
Bohr Library home pages as well as the AIP International 
Catalog of Sources (ICOS). This latter is a major resource for 
information in all areas of physics. The Special Archives con-
tains to links to archives maintained by other organizations. 
These External and Special Archives links lead to a treasure 
trove of information about individuals and institutions that 
have been important in the development of acoustics.

Continuing Work: Archiving Acoustical 
Society of America Collections and  
Technical Committee Materials
The Archives and History Committee was also charged with 
developing “management procedures for the documenta-
tion, collection, storage, maintenance, and use of archival 
and historical collections of the Society, and implementing 
those procedures” and “tracking, and when possible the con-
solidation, of the currently scattered archives of various tech-
nical committees” (Rules 24.1 and 24.3 of the ASA). Under 
the guidance of the nine persons who have served as chair 
of the committee since 1988 (William J. Cavanaugh, 1988-
1991; John W. Kopec, 1991-1994; Kenneth D. Rolt, 1994; 
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Dana L. Kirkegaard, 1994-1997; Edith L. R. Corliss, 1997-
1999; Henry E. Bass, 1999-2004; Julian D. Maynard, 2004-
2010; Victor W. Sparrow, 2010-2016; Fredericka Bell-Berti, 
2016-), we have been considering how to go about complet-
ing this daunting task; although some of our materials can 
be archived at the AIP Niels Bohr Library and Archives, not 
all of our materials are appropriate for that solution.

How Acoustical Society of America 
Members Can Help the Committee
ASA members represent an incredibly broad spectrum of dis-
ciplines, and even though the membership of the committee 
represents all the technical committee areas, we cannot pre-
serve the record of the ASA and its membership without your 

help. We welcome suggestions for existing and new projects, 
including volunteers to conduct Oral History interviews and 
cosponsoring Special Sessions. Indeed, the Special Session at 
the New Orleans meeting for recipients of the Hunt Fellow-
ship began with a suggestion from a member of the Archives 
and History Committee. We are also interested in helping to 
preserve acoustical archives that are not part of the collection 
of the ASA; we have, for example, arranged to have books from 
personal collections donated to the AIP library or for those 
books already in that library, donated to a university library.

The takeaway message that I want to leave with you is 
this: we want your help. If you are interested in helping, 
please contact the author at fbellberti@gmail.com or 
bellf@stjohns.edu.

Archives and History
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Of all the tricky problems they teach you to solve in college, an exact solution to 
the “two-body” problem faced by dual-career couples is not one of them. Although 
the physics version of this problem often has a deterministic solution, the solu-
tion sought by life partners where one or both are pursuing an academic or STEM 
career is inevitably unique, may require flexibility and creativity, and often must 
be found iteratively. Because the uncertainties faced by student and early-career 
couples can seem daunting, this installment of the Acoustical Society of America 
(ASA) Women in Acoustics Committee’s Sound Perspectives column describes how 
some ASA members have successfully navigated this problem. In addition, this 
article highlights the professional careers of the 2017 Women in Acoustics Named 
Luncheon Honorees, Barbara Shinn-Cunningham (Spring 2017) and Juliette Ioup 
(Fall 2017), and presents their insights on the two-body problem. Additional fa-
milial degrees of freedom (e.g., children) will be discussed in a future article. 

Honored Women

Spring 2017 Honoree Barbara Shinn-Cunningham
Barbara (Barb) Shinn-Cunningham’s (left) research 
connects auditory neuroscience with perception and 
computational modeling. Barb earned a ScB in elec-
trical engineering from Brown University, Providence, 
Rhode Island, and a PhD in electrical engineering and 
computer science from the Massachusetts Institute of 
Technology, Cambridge, Massachusetts. She joined the 
biomedical engineering faculty at Boston University, 
Massachusetts, in 1997 where she is now a professor. 

Throughout her career, Barb has supported the mis-
sion of the ASA and has served in a variety of leadership capacities. She is an ASA 
Fellow, has served on at least 12 different ASA committees, and was vice president 
(2014-2015). 

Barb is known for her willingness to give to others. Many of her PhD students are 
now professors or in industry. She is an exceptional mentor and received the ASA 
Student Council Mentor Award in 2013. She exudes warmth and friendliness and 
provides advice and support for other women who also want to pursue a career in 
science without having to sacrifice their personal goals. 

Notably, Barb has achieved her prominence in the field while raising two sons, 
fencing the saber competitively, and playing the English horn and oboe in a local 
orchestra. According to Barb, these activities would not have been possible with-
out the support of her husband, who allowed her to balance both personal and 
professional endeavors. Barb’s comments on this aspect of her life are as follows:

“My approach to balancing work and personal life has always been about being 
mindful of my choices. By this, I mean that I thought about what made sense for 
me and my family jointly rather than putting one aspect of my life first all the 
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Two-Body Problem

time. I knew I had to make compromises, but I tried to be 
kind to myself and not feel guilty about what I was not do-
ing. Sometimes, I decided that staying late at work one night 
and missing a family dinner in order to finish a poster for a 
conference was worth it. Other times, I decided that my son’s 
Little League game was important enough that I would just 
put off getting my paper out for another few days. And once 
I made a choice, I tried not to dwell on what I was giving up; 
at the Little League game, I enjoyed myself 100% and didn’t 
let myself feel stressed about work. I was present in the mo-
ment.

“I have also been incredibly lucky: I was able to make choices 
because my husband, whom I met while still an undergraduate, 
has always been supportive. We split duties at home in ways 
that made sense for us (he cooks, I do the laundry; he does the 
monthly bills, but I handle the taxes and the college investment 
funds), but we both try to be flexible and fill in when there was 
a pressing deadline or a business trip. This approach, of being 
understanding and willing to bend, has let us both raise our two 
sons while pursuing demanding, rewarding careers.”

Fall 2017 Honoree Juliette Ioup
Juliette Ioup (left) is a profes-
sor of physics, geophysics, and 
electrical engineering at the Uni-
versity of New Orleans (UNO), 
Louisiana. Her research inter-
ests span many areas of compu-
tational physics including geo-
physical, acoustic, and aerospace 
signal analysis and processing; 
digital filtering and neural net-

works; and underwater acoustics modeling and simulation. 
Juliette completed her bachelor’s and master’s degrees in 
physics from the University of Florida, Gainesville, and her 
PhD in physics from the University of Connecticut, Storrs. 

Since 2009, Juliette has served as the Seraphia D. Leyda Uni-
versity Teaching Fellow at UNO that is given to outstanding 
faculty members for excellence in teaching. Juliette is a dedi-
cated, knowledgeable, and helpful advisor. Juliette is also ac-
tive in the ASA and was named a Fellow in 1993. In 2013, she 
received the Rossing Prize in Acoustics Education for her 
significant contributions. 

Juliette shared a 51-year marriage with ASA Fellow George 
Ioup, who passed away on January 20, 2016. Through many 
years of research, course development, and championing of 
the program, Juliette and George helped shape the physics 

program at UNO. They mentored many students whom they 
considered their children. Juliette shared their two-body ex-
periences in an interview, summarized here.  

“While George started teaching and doing research at UNO, 
I taught entry-level math classes and finished my disserta-
tion. When I finished my PhD, I applied to the numerous 
universities in New Orleans. I was hired for a one-year visit-
ing faculty position at Xavier University, which turned into 
a tenure-track position. During this time, I was still asso-
ciated with UNO, teaching evening graduate-level signal-
processing courses that George developed. After nine years 
at Xavier, I took a job at Texaco doing geophysical signal 
processing on seismic data. After three years, I wanted to be 
back in academia. I was hired at UNO, officially as full-time, 
tenure-track faculty. This was ideal. 

“George and I always did research together; we had comple-
mentary skills. I really miss his part now. I do very well at 
running the computer and doing all the detailed work. On 
the other hand, he was much better at administrative skills. 
Together we accomplished much more that we could have 
done separately. I am currently trying to continue the teach-
ing, research, and mentoring and promote the department 
that became successful and well-known in large part because 
of George. It is extremely hard without him, but I cannot 
give up on what he started and what we built together.”

Barb’s and Juliette’s experiences highlight some of the chal-
lenges faced by couples pursuing two careers. We asked 
some other ASA members to share their experiences as well, 
and the full responses are available on the ASA Women 
in Acoustics webpage (womeninacoustics.org). A theme 
was drawn from each story on how to deal with two body-
challenges, and an excerpt from each story that portrays the 
theme is presented here. 

Be Willing to Compromise 
Marcia Isakson (immediate ASA past president) finished her 
PhD in atomic and molecular physics before switching to an 
underwater acoustics research position as part of her two-
body solution. 

“My husband and I met at West Point. I had plans to go to 
graduate school, so he picked Fort Hood Army Base for its 
proximity to the good physics graduate program at the Uni-
versity of Texas at Austin (UT). My husband left the army 
and found Austin to be a great place for electrical engineers. 
Because he was established in Austin, I only looked for jobs 
there after completing my PhD. I ended up staying at Ap-
plied Research Laboratories (ARL) at UT (ARL:UT).

Juliette Ioup
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“Through the years, there have been a lot of compromises 
to make the two-body equation work. I have been encour-
aged to apply for great positions in DC, Massachusetts, and 
even Italy. However, accepting a job in any of these locations 
would have disrupted my husband’s position. Therefore, we 
have chosen to stay and enjoy Austin.”

Be Patient
Tessa Bent (ASA Strategic Task Force 2 Chair) and her hus-
band needed patience as they navigated the uncertainties as-
sociated with securing suitable jobs. Tessa and her husband 
met when she was working as a postdoctoral fellow at Indi-
ana University (IU), Bloomington.

“One of the most difficult aspects of our career situations 
was that I was looking for faculty positions. I had known for 
years that I would need to go wherever the job took me and 
that I may not have a lot of choice about where that would 
be if I wanted a tenure-track position. For my husband, this 
very “up-in-the-air” existence was a challenge; as a comput-
er programmer, he could essentially live anywhere he liked. 
The stars eventually did align, and one month before our 
wedding, I was offered a faculty position in the Department 
of Speech and Hearing Sciences at IU. We were happy living 
in Bloomington and thus the decision to take the position 
was straightforward. Again, we prioritized my career over 
the next few years. My husband consulted part time, and af-
ter three years, took a full-time position within the Informa-
tion Technology Systems Department in Bloomington. Al-
though it took many years, we are quite happy to both have 
full-time jobs that we find fulfilling.”

Be Realistic
When Megan Ballard (ASA Underwater Acoustics Technical 
Committee [TC] Chair) was two years into a PhD at Pennsyl-
vania State University, University Park, her husband took a 
job at ARL:UT, selected such that Megan would have oppor-
tunities to participate in the student community at UT and 
collaborate with researchers at ARL while finishing her PhD. 

“The next step in my career was to obtain a postdoc position. 
Together, my husband and I decided it made the most sense 
for me to do my postdoc at ARL:UT because he was already 
working there. Because the postdoc would only be a tempo-
rary position for me, it did not make sense for us to move 
to a new city where my husband (who was becoming an es-
tablished researcher at ARL:UT) would also have to find a 
temporary job. Near the end of my postdoc, I interviewed 
for several faculty and research positions. I received one job 

offer from a prestigious research university, but, ultimately, 
I did not take the job. The reasons were partially because my 
husband was reluctant to move to a new city without a job 
lined up for himself and also because I was pregnant with 
our first child and not confident about starting a demand-
ing job with a new baby in an unfamiliar city without any 
support system. After much consideration and prayer, we 
decided to stay at ARL:UT, and I was hired as a research as-
sociate. ARL:UT is a great place for both of us to work, and 
we have both developed successful careers.”

Be Creative
Andrew Morrison (ASA Musical Acoustics TC Chair) and 
his wife experienced many years of commuting; she com-
muted a long distance while he was in graduate school, and 
then they worked and lived two hours apart and saw each 
other on the weekends.

“During this time, I applied for and was offered my ‘dream 
job’ out of state. At the same time, my wife was earning an-
other promotion and raise, and, ultimately, we decided that 
her career was going to determine where we lived. I turned 
down the dream job and worked a string of visiting faculty 
appointments for six years before I was offered a tenure-
track position at a community college in the area.

“I certainly did not anticipate teaching at a two-year col-
lege, and building a research program there has been more 
challenging than it would have been at a university, but my 
college has always tried to give me whatever I have asked 
for with an educational purpose. So, although it doesn’t look 
like what I thought it would, I am ultimately doing what I set 
out to do originally: teach and use research as an extension 
of teaching.”

Be Open-Minded
Veerle Keppens (ASA Physical Acoustics TC Chair) met her 
husband at Oak Ridge National Laboratory, Oak Ridge, Ten-
nessee, when she was a visiting postdoc from Belgium. They 
were engaged when her fellowship required her to return to 
Belgium for two years. After a few months, she applied for 
a physics faculty position at the University of Mississippi 
(UM), Oxford. 

“I’d only been a couple months out of the country, but I 
decided to apply anyway to see what would happen. They 
ended up offering me the job and found an exception to the 
fellowship rule. I took the faculty position at UM, which was 
only 500 miles, instead of 5,000 miles, away from my fiancé. 
Measurable progress.”
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For 2½ years, they met in the middle every other weekend 
until the birth of their fi rst son, which “made things a whole 
lot more complicated.” 

“We explored all the options. Th e whole situation was com-
plicated because we both have PhDs in physics. Th ere was 
a job in the Material Science and Engineering Department 
at the University of Tennessee, Knoxville; my fi rst reaction 
was, ‘But I’m not an engineer.’ I didn’t know what would 
be expected, but I looked at the course descriptions and 
thought, ‘I can teach a good fraction of those.’ I started over 
as an assistant professor, even though I was close to receiving 
tenure at UM. I thought it was a small price to pay to have 
our family together.”

Be Flexible
Andy Piacsek (ASA Strategic Task Force 1 Chair) met his wife, 
Lisa, while in graduate school. She accepted a tenure-track 
position at a Central Washington University (CWU), Ellens-
burg, before they were married. Shortly aft er their wedding, 
they lived two states apart while Andy completed a postdoc-
toral position at Lawrence Livermore National Laboratory.

“Looking for employment at the university where Lisa was 
on a tenure track was the easiest path to follow. Although 
there were no tenure-track positions available in my fi eld 
(physics) when I arrived, CWU did off er many other op-
portunities for academic and scholarly engagement. I also 
explored opportunities elsewhere, but I eventually decided 
make the best of my situation at CWU. 

“Because Lisa was very happy (and successful) with her posi-
tion, and we both liked the academic community at CWU, 
I was willing to accept a non-tenure-track position. If I had 
accepted a job out of state, we would have had to make some 
diffi  cult choices. But I quickly realized that teaching and 
mentoring undergraduates was a career path that I was well 
suited for, and I recognized that even without a tenure-track 
position, the grass was probably greener at CWU for both of 
us than anywhere else.”

Aft er 11 years of adjunct status, Andy received a tenure-
track position in the Physics Department. Today, he has ten-
ure and is the department chair, and Lisa is a professor in the 
Department of Geological Sciences.

Summary
Th ese experiences from ASA members illustrate how cou-
ples can be fl exible, patient, realistic, creative, and open-
minded in fi nding ways for both partners to have meaning-
ful careers. Although no couple’s journey will be the same, 
communication, compromise, and willing sacrifi ces tend to 
be at the heart of two-body solutions.
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Meet William A. Yost
For the third Ask an Acoustician column, one of 
the leaders in our field, William A. Yost, was inter-
viewed. Bill doesn’t need too much of an introduc-
tion; he served as president of the Acoustical Society 
of America (ASA), and it is likely that many of our 
readers have his Fundamentals of Hearing textbook 
on their bookshelf right now. Bill received the Gold 
Medal at the ASA meeting in Minneapolis for his 
contributions to the field of acoustics. Let Bill tell you 
the rest.

A Conversation with William Yost, In His Words

Tell us about your work.
My career has had three interrelated dimensions: education, service, and research/
discovery. Education: While I immensely enjoy teaching, my most obvious con-
tribution to education is probably the textbook Fundamentals of Hearing: An In-
troduction (Yost, 2007; first published in 1977, now in its 5th edition, with over 
290,000 copies sold worldwide). My 15 PhD students and 4 postdoctoral fellows 
are important to my dedication to education. Service: My service covers leader-
ship positions such as ASA president, president of the Association for Research in 
Otolaryngology (ARO), member of the National Advisory Council to the National 
Institute of Deafness and Other Communication Disorders (NIDCD) of the Na-
tional Institutes of Health (NIH), and national associate of the National Research 
Council (NRC). Research/Discovery: I study auditory perception where I use be-
havioral techniques to understand peripheral and neural processing that underlie 
auditory perception. My research is integrated around sound source perception 
(e.g., Yost et al., 2007). My work on pitch perception (e.g., Yost, 2009), modulation 
processing (e.g., Yost et al., 1989), and spatial hearing (e.g., Yost and Gourevitch, 
1987) are all components that allow for sound source perception. My recent re-
search is focused on sound source localization when sound sources and listeners 
move, which reveals that sound source localization is not just an auditory process 
but is a multisystem neural interaction (e.g., Yost et al., 2015). 

Describe your career path (how you got your start,  
what made you choose your field).
I had a supportive mother (a journalist) and father (a PhD physicist who was briefly 
an ASA member) who encouraged me to be a lifelong learner. My youth was domi-
nated by sports. I attended The Colorado College (CC), Colorado Springs, where I 
majored in psychology with a minor in math. I loved my psychology courses and 
the faculty at CC, two of whom, Gilbert Johns and Don Shearn, have provided 
lifelong mentoring and friendship. I went on to Indiana University, Bloomington, 
for a PhD in experimental psychology in the math psychology program (applying 
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mathematical principles to behavioral phenomena). I was 
fascinated with the theory of signal detection (TSD) that 
was the topic of interest for two of my mentors, Jim Egan 
and, especially, Don Robinson. The TSD is a mathematical/
statistical application for understanding decision making. 
Hearing was a good way to test many aspects of the TSD, 
so my work quickly gravitated toward hearing. I received 
a National Science Foundation (NSF) postdoctoral fellow-
ship to work with Dave Green at the University of Califor-
nia, San Diego (UCSD), La Jolla. Dave is an ASA icon and 
a developer of the TSD. He was/is a fantastic mentor. I then 
spent seven years on the faculty of the Speech and Hearing 
Sciences and the Psychology Departments at the University 
of Florida, Gainesville, where Don Teas took me “under his 
wing” and provided strong mentoring in being an academic. 
I then took over from Terry Dolan (another mentor and life-
long friend) the directorship of a small endowed research 
institute, the Parmly Hearing Institute at Loyola University 
Chicago. With the help of several colleagues, especially Dick 
Fay, Parmly grew into a fairly large and well-respected hear-
ing research enterprise. While at Parmly, I took a two-year 
leave to direct two neuroscience programs at the NSF. In the 
1990s, Loyola ran into serious challenges, and I was recruit-
ed to be associate vice president for research and dean of the 
Graduate School to help Loyola with what was a financial 
disaster. By 2005, Loyola had financially recovered and I re-
turned to Parmly. However, in the reorganization of Loyola, 
Parmly was not going to receive the support it once did. So 
in 2007 I decided not to retire and accepted the opportu-
nity to come to Arizona State University (ASU) and chair the 
Speech and Hearing Science Department, which I did un-
til 2014 when I migrated to my current position as research 
professor. So it is people who got me interested in hearing 
and kept me informed as to how to be a lifelong learner, and 
they are why I enjoy what I have been doing. 

What is a typical day for you?
“Typical days” have varied greatly over my career. Because 
the question implies what a typical day is for me now, I will 
say that, in general, it is as stress free as it has ever been, 
with the exception of my postdoctoral year. As a nontenured 
research professor (having given up tenure three years ago), 
my main responsibility is to oversee research funded by my 
NIH grant and industrial contracts. I am fortunate to be 
able to afford a wonderful postdoctoral fellow with whom 
to work. Although I truly miss classroom teaching, I do not 
miss some of the stress of dealing with students and espe-

cially those stresses related to the university bureaucracy. 
Not having to attend university-related meetings has also 
reduced the stress. Although I enjoy my current situation, I 
occasionally miss the opportunities that teaching and work-
ing with others afforded me in the past. What I find worri-
some is the amount of time I have to spend on bureaucratic 
work for compliance with university mandates for submit-
ting a paper for publication or a grant for funding. I believe 
I should be doing research (or mentoring) and not working 
for something like a journal. The same problem exists for 
many other situations, and these situations are made even 
worse by the horrible websites used for these purposes. I 
cannot see how this can continue without it having dire con-
sequences for research, teaching, and service. 

How do you feel when experiments/projects do not 
work out the way you expected them to?
Experiments/projects that do not turn out as I had hoped 
lead to two very different outcomes in my experience. On 
the one hand, failed experiments often lead to great discov-
eries. That is, you almost always learn something when an 
experiment fails and you try to understand why. Seeking this 
understanding can lead to insights you would not have had 
if the experiment succeeded as you had expected. In fact, a 
successful experiment may actually not lead to an advance-
ment in that if you obtained the results that you expected, 
what have you learned that is new? On the other hand, it is 
more than humbling when you are sure that something will 
succeed and it does not. At times it is easy to lose your spirit 
for what you are doing when such failures occur. The suc-
cessful people I know try to emulate find ways to keep their 
spirits high, to learn from the failure, and to find new paths. 

Do you feel like you have solved the work-life balance 
problem? Was it always this way?
This is a constant challenge even today, with families that 
are fully on their own and a career that is winding down. I 
cannot imagine being where I am today without the support 
of my wife, who embraced my zeal for what I was doing and 
oversaw many of our important family responsibilities. I be-
lieve (I hope) I helped in this regard and I always wanted to, 
but for a great deal of my career, my time in the lab, at meet-
ings, or in the classroom left little time for “life balances.” 
The fact that I have a great family and great friends and that 
I still enjoy what I do must mean that my wife and I were 
successful, to some extent, in balancing work (both hers and 
mine) and life. 

Ask an Acoustician
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What makes you a good acoustician?
As much as I like studying hearing and, therefore, aspects of 
acoustics, I am not sure that there is anything special about 
studying acoustics in particular that makes one good at it. I 
think that being good at doing anything is based on (1) the 
people one interacts with, (2) really liking what one is doing, 
and (3) actually enjoying working hard. Being able to inter-
act with great people and to enjoy what you are doing is part 
luck, but it is also a skill one can develop if one realizes that 
these are important ingredients in being good at something. 

How do you handle rejection?
Not as well as I would like. I try to convince myself that I 
should treat the rejection and its consequential disappoint-
ment as a learning experience, so I am less likely to be re-
jected in the future. I am not sure how well I do this. 

What are you proudest of in your career?
Rightly or wrongly, I am proud that I have had what I think 
is a positive influence on some of my friends and colleagues, 
my students, my discipline, and, in some cases, society. I re-
alized early in my career (based on great mentors) that hav-
ing such influences is important and that to do so requires an 
ability to work with others. Working well with others means 
that you learn from them and that their positive influences 
on you dwarf your influences on them. 

I am very glad that early successful interactions outside of 
the strict confines of my “job” were enjoyable. I enjoyed be-
ing placed in leadership roles in which I was asked to help 
others succeed. These leadership roles led to opportunities 
to interact with external organizations to work on issues rel-
evant to societal needs (e.g., open access for journal publi-
cation or grant-funding decisions), sometimes on subjects 
that were somewhat removed from my expertise (e.g., Citro 
et al., 2003; a published NRC report on the protection of hu-
man subjects in the behavioral sciences). 

What is the biggest mistake you’ve ever made?
I am very fortunate in the choices I have made. I have few 
regrets both in terms of my career and in my personal choic-
es outside of my career, mostly because I have a great fam-
ily, friends, colleagues, and mentors. I am not implying that I 
have not made mistakes, as I have made many. However, none 
that I can think of were major, life-altering mistakes. I do wish 
I had taken more math and biology as a student and spent 
more time over the years learning more math and biology. 

What advice do you have for budding acousticians?
Do not be afraid to try new things; be a lifelong learner. Cul-
tivate your friends and colleagues; learn from them. Find 
good mentors; listen to them. Work hard; enjoy what you 
are doing. 

Have you ever experienced imposter syndrome?  
How did you deal with that if so?
I had not seen the term “imposter syndrome” before. Wiki-
pedia says it is “a fear of being found to be a fraud.” I am not 
sure I ever had a strong “fear of being found to be a fraud.” 
But I have certainly worried at times that I may have over-
stated a finding or opinion. There is no doubt that my family, 
friends, colleagues, and, especially, mentors usually steered 
me toward a better path when such events occurred. These 
wonderful people have always demanded that I seek humil-
ity in my life, which I have tried to do. 

What do you want to accomplish within the next 10 
years or before retirement? 
First and foremost at my age, I hope to stay healthy and men-
tally alert into my 80s and beyond. I want to continue to ex-
perience my family grow and prosper. I want to cultivate my 
friendships. I wouldn’t mind if I can come into a lab every 
once and a while and work with young energetic colleagues to 
contribute to their scholarly growth and help in discoveries of 
one type or another. However, if you truly want to know my 
real desire, it is to continually break 80 in golf. 
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Book Announcement |  ASA Press

Thermoacoustics 
A Unifying Perspective 
for Some Engines and 
Refrigerators 

Author: Gregory W. Swift 
Copyright: 2017
Publisher: Springer International 
Copyright Holder:  Acoustical 
Society of America
Hardcover: ISBN 978-3-319-66932-8
Edition Number:  2
Number of Pages:  XXI, 326
Number of Illustrations and Tables:  

106 b/w illustrations, 26 color illustrations 
Topics: Acoustics

Th is updated new edition provides an introduction to the 
fi eld of thermoacoustics. All of the key aspects of the topic 
are introduced, with the goal of helping the reader to ac-
quire both an intuitive understanding and the ability to de-
sign hardware, build it, and assess its performance. Weaving 
together intuition, mathematics, and experimental results, 
this text equips readers with the tools to bridge the fi elds of 
thermodynamics and acoustics. At the same time, it remains 
fi rmly grounded in experimental results, basing its discus-
sions on the distillation of a body of experiments spanning 
several decades and countries.

Th e book begins with detailed treatment of the fundamen-
tal physical laws that underlie thermoacoustics. It then goes 
on to discuss key concepts, including simple oscillations, 
waves, power, and effi  ciency. Th e remaining portions of the 
book delve into more advanced topics and address practical 
concerns in applications chapters on hardware and measure-

ments. With its careful progression and end-of-chapter ex-
ercises, this book will appeal to graduate students in physics 
and engineering as well as researchers and practitioners in 
either acoustics or thermodynamics looking to explore the 
possibilities of thermoacoustics. Th is revised and expanded 
second edition has been updated with an eye to modern 
technology, including computer animations and DeltaEC 
examples.

About the Author
Greg Swift  received his PhD in physics at the University of 
California at Berkeley in 1980, and has worked in the Con-
densed Matter and Th ermal Physics Group at Los Alamos 
National Laboratory (LANL) ever since.  He is a Fellow of 
the Acoustical Society of America, of the American Physical 
Society, and of LANL.  He received the Acoustical Society’s 
Silver Medal in Physical Acoustics in 2000, an award that 
has been given, on average, only every three years.  He re-
ceived the US Department of Energy’s E.O. Lawrence Award 
in 2004, in the category of Environmental Science and Tech-
nology. Th e main focus of Greg’s research has been the in-
vention and development of novel energy-conversion tech-
nologies.  He enjoys the thermodynamics of heat engines and 
refrigerators, the thermodynamics of non-ideal-gas fl uids, 
physical acoustics, hydrodynamics, and low-temperature 
physics.  He hopes that thermoacoustic engines and refrig-
erators will play a meaningful role in the energy economy of 
the 21st century. 

At Los Alamos, Greg has mentored two Master’s students, 
three Ph.D. students, and 13 postdocs, and enjoyed signifi -
cant partnerships with ten corporate collaborators.  He is 
co-author (or, occasionally, sole author) of about 100 articles 
in refereed journals and conference proceedings. He is re-
sponsible for two dozen patents, and the thermoacoustics 
design and analysis soft ware most commonly used world-
wide—DeltaEC.
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Arthur S. Abramson, Profes-
sor Emeritus of Linguistics and 
founding department chair at 
the University of Connecticut at 
Storrs, Emeritus Senior Scientist 
at Haskins Laboratories, and a 
Fellow of the Acoustical Society of 
America (ASA), died on Decem-
ber 15, 2017, at the age of 92. 

After serving as an X-ray technician in World War II, Ar-
thur entered Columbia University, New York, as a graduate 
student in linguistics. He paused his studies to spend three 
years in Thailand on a Fulbright grant, teaching English 
and linguistics and learning the Thai language. When he 
returned to Columbia, he enrolled in a course taught by 
Franklin Cooper, president of Haskins Laboratories, New 
York (now in New Haven, Connecticut), beginning an af-
filiation with Haskins Laboratories that would last for more 
than six decades. During his early time at Haskins Labora-
tories, Arthur was instrumental in a project to record X-
ray motion pictures of speakers of various languages (e.g., 
archive.org/details/englishxrayfilm and archive.org/details/
arabicxrayfilm). For his doctoral dissertation, Arthur un-
dertook a study of the vowels and tones of standard Thai, 
presenting acoustic data and conducting perceptual experi-
ments using synthetic speech. 

Shortly after finishing his doctorate, Arthur began a long-
term collaboration with Leigh Lisker of Haskins Labora-
tories and the University of Pennsylvania, Philadelphia. 
Together, Arthur and Leigh would go on to coauthor nu-
merous papers and presentations on laryngeal function and 
voicing (e.g., Lisker et al., 1969), the most well-known being 
their 1964 paper in the journal Word (Lisker and Abramson, 
1964). This paper introduced the acoustic measure of voice 
onset time (VOT) to describe the nature of stop consonant 
voicing distinctions. Their data showed that for many lan-
guages, VOT effectively separates the voicing categories in 
production. Subsequent work showed that VOT is an ef-
fective perceptual cue for voicing distinctions as well. VOT 
has become a very widely used measure of stop consonant 
voicing, and this seminal paper was recognized in a special 
session, “Forty Years of VOT,” at the ASA’s 147th meeting in 
New York in 2004. This session, which included both invited 
and contributed submissions, showed how researchers con-

tinue to employ VOT to study aspects of speech production 
and perception across languages and in healthy speakers, 
clinical populations (persons with motor speech disorders 
and hearing impairment), multilingual speakers, and chil-
dren. A recent paper (Abramson and Whalen, 2017) provid-
ed a retrospective assessment of VOT definitions, measure-
ment criteria, and cross-linguistic use, and a special issue is 
forthcoming in the Journal of Phonetics dedicated to contem-
porary research using VOT.

Until the end of his life, Arthur also continued to study as-
pects of Thai (e.g., Tingsabadh and Abramson, 1993) along 
with minority dialects of Southeast Asian languages, with a 
particular focus on laryngeal distinctions of tone and voice 
quality. In 2013, at the age of 88, Arthur gave a paper on 
voice registers in Mon languages at the 166th meeting of the 
ASA in San Francisco. 

Arthur remained active at Haskins Laboratories until shortly 
before his death. He is remembered as an assiduous scientist, 
a generous and committed colleague and mentor, and a true 
mensch.
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John C. Burgess, a Fellow of the 
Acoustical Society of America 
(ASA) and general chair of the 
first three joint meetings of the 
Acoustical Societies of America 
and Japan, passed away on May 
14, 2017, in Hawai’i at age of 
93. John was the recipient of the 
Society’s Distinguished Service 
Citation (1996) as well as two 

Distinguished Service Awards (1978, 1996) and a Medal of 
Special Merit (1988) from the Acoustical Society of Japan. He 
served The Journal of the Acoustical Society of America as as-
sociate editor for signal processing from 1997 to 2004. John 
joined the ASA in 1957 and was elected a Fellow in 1978.

John grew up in New England and graduated from Brown 
University, Providence, Rhode Island, in 1944 with an en-
gineering BS. After seeing wartime action in the Pacific as 
a submarine officer, John moved to the San Francisco Bay 
Area where he stayed until 1966. He received his MS (1949) 
and PhD (1955) from Stanford University, Stanford, Califor-
nia; worked at the Stanford Research Institute from 1953 to 
1961; and then joined United Technology Center in Sunny-
vale, California, where he managed the analysis of Titan 
IIIC rocket motors. In 1966, John moved to the University 
of Hawai’i, Honolulu, as a full professor in the Department 
of Mechanical Engineering, chairing the department for his 
first two years there. He retired as professor emeritus in 1995.

John’s research focused on signal processing and adaptive con-
trol in acoustics. He was the first to solve the problem of un-
stable weight vector convergence during adaptive sound con-
trol, introducing a popular control method later known as the 
“Filtered-x LMS algorithm” (Burgess 1981). He also developed 
several new data windows optimized for adaptive arrays of 
acoustical sensors and other applications (Burgess 1992, 2004).

Starting in 1972, John spent all but one of his sabbaticals at 
the National Research Council in Ottawa, Ontario, Canada. 

In 1975, during one such visit, he noted that the ASA always 
held its meetings in eastern or midwestern states. Wasn’t it 
time to expand? Employers might balk at supporting travel 
elsewhere, but John suggested a carrot, a joint conference 
with some other acoustical society and what better than with 
the world’s second oldest acoustical society, the Acoustical 
Society of Japan, founded in 1936.

The first joint conference took place in Hawai’i, and John 
was the obvious choice as general chair. During the organiz-
ing meeting, John introduced a novel scheduling method. 
He arranged four sheets of plywood into a chart 8 feet high 
(technical committees and social functions) by 16 feet long 
(time). As the meeting progressed, the plywood filled with 
cards, immediately showing conflicts and possible resolu-
tions. The concept was so successful that both Societies used 
it for years thereafter.

The Hawai’i joint meetings introduced a new era for Society 
conferences. At the second joint meeting, submitted papers 
exceeded 1,000 for the first time in the Society’s history. Lo-
cales once considered exotic began to host conferences. Joint 
meetings with new partners, such as the European Acousti-
cal Association, soon followed. One likes to think that it all 
began with John, one day in 1975, drinking coffee while sit-
ting on a large impedance tube in an Ottawa laboratory and 
musing about new meeting locations for the Society.
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Burgess, J. C. (1992). Optimum approximations to Dolph-Chebyshev data 

windows. IEEE Transactions on Signal Processing 40(10), 2592-2594.
Burgess, J. C. (2004). Accurate analysis of multitone signals using a DFT. 

The Journal of the Acoustical Society of America 116, 389-395.
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Ralph N. Ohde, Professor 
Emeritus of Hearing and Speech 
Sciences, Vanderbilt University, 
Nashville, Tennessee, Fellow of 
the Acoustical Society of Amer-
ica, beloved teacher, and a lead-
ing authority on acoustic pho-
netics of adult and child speech, 
passed away on January 8, 2018, 
in Nashville. He had struggled 

with Alzheimer’s disease for several years.

Ralph was born and raised in northern Wisconsin and was, 
inevitably, a lifetime Green Bay Packers fan. In 1966, he grad-
uated from Carthage College, Kenosha, Wisconsin, where 
he excelled in theatrical productions. He earned a master’s 
degree in speech language pathology from the University of 
Virginia, Charlottesville, in 1968, and worked in the Keno-
sha public schools for three years. In 1972, Ralph returned to 
academia, earning a PhD at the University of Michigan, Ann 
Arbor, in 1978, that was followed by postdoctoral work at 
MIT, Cambridge, Massachusetts, through 1981. Character-
istically, he remained friends and collaborated with his doc-
toral and postdoctoral mentors, Donald Sharf and Kenneth 
Stevens, respectively. Ralph moved to the Bill Wilkerson 
Hearing & Speech Center at Vanderbilt University in 1981, 
where he advanced through the academic ranks and retired 
as professor in 2013. 

Ralph’s initial collaboration with his mentor Donald Sharf 
was fruitful, resulting in 13 publications and a book, Pho-
netic Analysis of Normal and Abnormal Speech (Ohde and 
Sharf, 1992). Initially, the papers focused on acoustic ad-
aptation of feature detectors, an idea that has been given 
new import recently by models of speech recognition em-
ploying deep learning. Later papers emphasized the rela-
tionship between speech production and perception in 
children with articulation difficulties, suggesting a quasi 
independence of the processes (Ohde and Sharf, 1988). 
Ralph’s sustained focus on acoustic phonetics resulted in a 
number of seminal articles showing the nuanced develop-
mental differences between children’s and adults’ percep-
tion of speech sounds. Ralph and his collaborators showed 
that these effects were not sufficiently captured by dynamic 
specification or target normalization theories (e.g., Ohde 
and German, 2011).

In collaboration with Edward Conture and Courtney Byrd, 
Ralph’s later work studied further the relationship between 
speech production and perception. These authors showed 
how children who stutter may actually have a developmental 
delay in shifting from holistic to incremental processing in 
phonological encoding (e.g., Byrd et al., 2007). 

Ralph was widely recognized for his teaching and mentor-
ing excellence. Motivated by ideas and theory development, 
Ralph challenged and engaged his doctoral students to think 
critically and discuss openly. Throughout his career, Ralph at-
tracted young minds with research interests in hearing loss, 
stuttering, apraxia of speech, and human development. His 
contributions to their scientific development and careers were 
instrumental.

Ralph is survived by his wife of 47 years, Kathleen Ohde. Their 
interests together included antique collecting, hiking, and 
running.

Ralph’s gentle manner and contagious laugh endeared him 
to everyone but especially to the generations of students he 
trained on both the clinical and research sides of speech sci-
ence. He will be sorely missed.

Selected References by Ralph N. Ohde
Byrd, C., Conture, E., and Ohde, R. (2007). Phonological priming in young 

children who stutter: Holistic versus incremental processing. American 
Journal of Speech-Language Pathology 16, 43-53.

Ohde, R., and German, S. (2011). Formant onsets and formant transitions 
as developmental cues to vowel perception. The Journal of the Acoustical 
Society of America 130, 1628-1642.

Ohde, R. N., and Sharf, D. (1988). Perceptual categorization and consisten-
cy of synthesized /r-w/ continua by adults, normal children and /r/-mis-
articulating children. Journal of Speech, Language, and Hearing Research 
31, 556-568.

Ohde, R. N., and Sharf, D. (1992). Phonetic Analysis of Normal and Abnor-
mal Speech. Macmillan, New York.
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BK CONNECT™ – A FLEXIBLE SOFTWARE PLATFORM
DESIGNED AROUND YOUR NEEDS AND TASKS

Full of innovative features and functions, BK Connect – the new 
sound and vibration analysis platform from Brüel & Kjær – is 
designed around user workflows, tasks and needs, so you get 
access to what you need, when you need it. This user- 
friendly platform streamlines testing and analysis processes, 
which means you work smarter, with a high degree of flexibility 
and greatly reduced risk of error.
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