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he world is filled with an
Tastounding array of languages,

6,909, by the count of the
Ethnologue (Lewis, 2009). Most of these
use an acoustic signal as the main ele-
ment in signal transmission, though
vision affects speech even for typically
hearing individuals (e.g., McGurk and
MacDonald, 1976); sign languages (126
are listed in Lewis, 2009) use the visual
channel almost exclusively. The
acoustic signal for speech is powered
mostly by the larynx and shaped by the
vocal tract. Because human popula-
tions have essentially the same anatomy, there is a great deal
of similarity in the sounds that languages use. However,
there is an impressive range of variability as well. The
largest survey of sound systems (Maddieson, 1984), for
example, lists no sound that occurs in all languages, even
though broad patterns are seen. The number of significant
sounds, or phonemes, ranges from about 12 (Piraha,
Rotokas) to over a hundred (!X66), and the mechanisms
used vary greatly as well.

The acoustics of speech have proven to be extraordinar-
ily complex. Early estimates that simple acoustic pattern
matching would make automatic speech recognition practi-
cal (e.g., Juang and Furui, 2000) proved to be wrong. Current
high levels of recognition are founded on acoustic analysis of
huge amounts of data combined with statistical inference
about common co-occurrences among words and sounds
(e.g., Jelinek, 2009). Understanding what it is that listeners
are sensitive to in this complex acoustic signal has been fruit-
fully guided by examining how those sounds are generated in
the vocal tract (e.g., Iskarous et al., 2010). For sounds in less-
er-studied languages, having articulatory data to help inter-

“Documenting differences
among the world’s most
disparate languages is
of central importance
to the field of linguistics
and to the language

. 1 . »
community's heritage.

pret the acoustic signal is even more
valuable.

A few of the world’s languages have
been well-studied, but most of them
have yet to be explored in any detail, if at
all. Pioneering efforts by Peter
Ladefoged and Ian Maddieson to record
the sounds of the world's languages
resulted in descriptions of many of the
less typical sounds used (Ladefoged and
Maddieson, 1996) and phonetic sketch-
es of several languages (e.g., Ladefoged
et al., 1998; McDonough et al.,, 1993;
Silverman et al., 1995; Taff, et al., 2001).
Funded for many years by the National Science Foundation,
this work has provided an invaluable basis for further pho-
netic work, given that it provides an initial understanding of
the expected production and acoustic bases of virtually all
the sounds that are used in language.

These descriptions are far from complete, however, as
can be seen from two trends. First, we are still learning new
and important facts about even the best-known languages,
including English, as evidenced by the continuing appear-
ance of phonetic studies in the pages of scientific journals.
Second, even though the “same” sound may be described in
phonetic studies from different languages, we can not assume
that it shares the same characteristics across languages. For
instance, ejective fricatives occur in several languages
(Maddieson et al., 2001), but they vary widely in how they are
produced. Such wide variability calls into question the valid-
ity of these phonetic categories across languages. There is
much left to learn.

Phoneticians have begun stepping up their efforts to
study endangered languages while there are still fluent speak-
ers left, especially those who acquired the language as their
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first. Language documentation
efforts have been on the upswing in
recent years, but phonetic studies
have not been as obviously useful as
the collection of texts and the mak-

ing of dictionaries. As more commu- b d dl
nities try to revive their languages ¢ l
from documentary sources, it is , ,
becoming increasingly clear that td
phonetic documentation can con- 1
tribute in valuable ways to describ- ]

ing the pronunciation of the ances-
tral language. Furthermore, many
endangered languages lack writing n
systems, and good phonetic descrip-

tions can often help guide their development. Contributing
to community literacy is a frequent concrete aim. The scien-
tific goals of the academic community often overlap with the
revitalization goals of native communities.

In this paper, we will discuss two phonetic studies of
endangered languages. Both studies use articulatory and
acoustic data to examine specific scientific questions. The
first study uses ultrasound, while the second uses acoustic
data coupled with electroglottography (EGG).

m n

L

Ultrasound study of tongue shape in Tahltan

Tahltan (ISO 639 code tht) is an Athapaskan language of
northern British Columbia, spoken by fewer than 20 elders as
their first language. Some younger community members are
learning the language as a second language, and the elders are
hopeful that the language can be revived. There are three
main dialects, and one of them, Telegraph Creek (see Fig. 1),
has one of the world’s few three-way consonant harmony sys-
tems. Harmony is a linguistic process in which sounds in a
word have to agree on, or “harmonize with,” certain dimen-
sions. Vowel harmony is fairly common across languages,
large and small. Some forms are rather limited, such as the
umlaut process of German, while systems that affect all vow-
els can be found in some languages like Turkish. In Turkish,

Fig. 1. View of the Tuya River crossing heading into Telegraph Creek, British
Columbia, Canada.

Acoustics Today, October 2011

Table 1: Tahltan consonants. Highlighted columns participate in the three-way har-
mony; those left unshaded are transparent to harmony. The orthography used draws
on three characters commonly used in Americanist traditions. These differ from the
International Phonetic Alphabet as follows: Z for 3, § for [, and y for j.

do dz dz g gV G
to ts t§ k k¥ q
jiv) ts' t§' k' kW q ?
V] S § X xW X h
0 z 7 Y yv K

Y w

all vowels in a word should have the same frontness (the vow-
els of “bee” and “bay” are front, those of “boo” and “though”
are back), although there are exceptions. Some affixes agree
in rounding as well. (The English front vowels are unround-
ed; the back ones are rounded; Turkish has front rounded
and back unrounded vowels.) Less common is consonant
harmony, in which one or more features of the non-vowel
sounds have to agree. Most such systems have two sounds
that have to agree (say an “s” and an “sh”), but a handful have
a three-way system of agreement.

All verb stems in Tahltan that contain fricatives (sounds
like “s” and “sh”) have to come from the same “series”—one
that has “th” sounds (like in “thing”), “s” sounds or “sh”
sounds (Shaw, 1991). It sounds simple, but Tahltan has 46
consonants, 15 of which participate in the harmony while the
others are “transparent” to it in that they neither change nor
stop the harmony (Table 1). When vowel harmony is at issue,
it is easy to imagine that the consonants are overlaid on top
of vowels and that the vowels are really adjacent underneath.
With consonants, it seems instead that these segments are
acting “at a distance,” reaching across vowels that make use of
the same articulator—the tongue—that the consonants

rl

Fig. 2. Data collection from speaker Margery Inkster with a portable ultrasound
machine. The probe is held under the chin, giving a view across the tongue.
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Fig. 3. Ultrasound imaging of the tongue. a: Schematic midsagittal vocal tract
for an [§]-like articulation. The red line shows the approximate location of the
plane of the ultrasound image. b: Schematic of the tongue shape in the coronal
plane shown by the line in (a). The arrows mark the peaks and trough of the
tongue groove. c-e: Three ultrasound images of the tongue during ¢) [0] d) [s]
e) [$]. The speaker's left is on the left and the speaker’s right on the right.
Selection of the three points was guided by repeated viewing of the video image,
where the coherent structure of the tongue is more obvious than it is in any sin-
gle frame.

depend on. Explaining this long-distance effect has been
challenging.

The operation of this harmony can be seen in the follow-
ing forms, where the underlined letter corresponds to the
word segment “-s-”, the marker for the first person singular
subject:

esk'a: ‘Tm gutting fish’
€8dzini Tm singing’
€0du:6 ‘T whipped him’

As can be seen from this last form, this agreement can
work across intervening segments (here, /d/ and /u/) that
neither promote nor block harmony. It looks like “action at a
distance”

What if there is something that makes this process local
after all? Gafos (1996) proposed just such a solution. He
claimed that the differences in the amount of tongue grooving
seen in these fricatives could extend through the intervening
vowels and non-participating consonants, thus making the
agreement local. Our efforts, supported by the National
Science Foundation’s Office of Polar Programs, have begun to
test this hypothesis using ultrasound images of the tongue.

Ultrasound allows us to look at the tongue during speech
(e.g., Stone and Lundberg, 1996) in a minimally invasive way
that is appropriate for a broad range of speakers, including
the elderly, and in non-laboratory conditions as well (Gick et
al., 2005). We generally take a “sagittal” view of the tongue,
showing a two-dimensional image from near the tip to the
back of the tongue near the uvula. However, we can just as
easily take “coronal” sections that go across the tongue. This
is ideal for measuring tongue grooves, and it is what we did
in our study.

Figure 2 shows one of our speakers, Margery Inkster,
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with the ultrasound probe under her chin. Figure 3 shows
three of the cross-sections of her tongue during the fricatives
[0 s [] The groove depth differs among the three, and this
same groove persists through the vowel. This is in accord
with Gafos’s prediction. (See Figs. 2 and 3)

To understand where this pattern might have come from,
however, we need to know whether the same kind of persist-
ence appears in languages without the consonant harmony.
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Fig. 4. Young Trique women dancing in traditional huipiles (dresses), Oaxaca, Mexico.

For this, we studied a language close at hand, English. Our
preliminary results showed that, indeed, English also allows
these three different groove depths to persist through the
vowel (Whalen et al., 2011). Although no language is com-
pletely neutral as a comparison to harmony processes, it is
useful to compare such patterns to languages for which we
have greater phonetic knowledge, like English. So it is plausi-
ble that the foundations for a three-way harmony system
could be seen in a language that has not yet shown any use of
such a process.

We hope to extend this work by measuring images from
additional Tahltan speakers and by making a more thorough
comparison with English data. Nevertheless, these results
are already helping to settle an important issue in linguistic
theory: Consonant harmony can be seen as a local process
after all.

Electroglottographic study of devoicing in
Itunyoso Trique

Itunyoso Trique (ISO 639 trq) is an Oto-Manguean lan-
guage spoken in Oaxaca, Mexico by approximately 1,400
people (Lewis, 2009). It is one of three Trique dialects, each
of which has a unique sound structure and grammar. Like all
Oto-Manguean languages, Itunyoso Trique is tonal. This
means that the level and direction of pitch in the voice may
distinguish the meaning of words. The Itunyoso dialect has
nine different tonal melodies that words can carry (DiCanio,
2010). As a comparison, Mandarin Chinese is also tonal, but
with only four possible tonal melodies. Most Trique speakers
are bilingual, speaking Spanish as a second language. In
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recent years, children have begun to use Spanish more among
their peers (IGABE, 2011). While there are currently many
Trique speakers, the language is danger of being replaced
entirely by Spanish (See Fig. 4).

The large inventory of tonal melodies is certainly a fea-
ture of the Itunyoso Trique language that is seldom found
elsewhere, but it is not the only such feature. Itunyoso Trique
also has a contrast between long and short consonants found
only in the initial position of words. While many languages
in the world have consonant length contrasts, such as
Japanese katta ‘bought’ and kata ‘shoulder, this distinction is
often restricted to the middle of the word (Muller, 2001).
Itunyoso Trique is one of only two languages in the world
known to restrict this contrast between long and short con-
sonants to the beginning of a word. The other language is
Nhaheun (ISO 639 nev), an Austroasiatic language spoken in
Laos (Muller, 2001).

One of the intriguing things about this rare contrast in
Trique is how voicing functions in the short and long stop
consonants. Stops are sounds with a closure in the mouth fol-
lowed by a sudden release. Many languages distinguish
between voiceless stops, like for instance, French “p’, “t’, and
“k; and voiced stops, like French “b” “d”, and “g” Voiced
stops are produced when the vocal folds are vibrating, voice-
less stops when the vocal folds are not vibrating. Yet, in
Itunyoso Trique, the long consonants are often preceded by a
short puff of air, called preaspiration. The short consonants
are rarely produced this way, but vary in their production.
They may be voiceless, like a “p”, or voiced, like a “b” This
variability has led researchers to misclassify length contrasts



like the one in Itunyoso Trique as
strength contrasts, i.e. “fortis” and
“lenis” stops.

DiCanio (2012) examined the tim-
ing of vocal fold vibration in Trique
consonants using electroglottography
(EGG) in order to determine exactly
what accounted for this variability in
voicing in short stops and to investigate
if another explanation could account
for the pattern. With EGG, sensors are
placed on opposite sides of the speak-
er’s neck, just over the thyroid cartilage
(below the Adam’s apple) through
which a weak electrical current is
passed. When the vocal folds are
closed, more of the current can pass
from one side to the other. When the
vocal folds are open, less current passes
through. EGG maxima correspond to
the moment of maximum contact
between the vocal folds while minima
correspond to the moment of mini-
mum contact between the vocal folds
(Childers and Krishnamurthy, 1985;
Childers and Lee, 1991; Heinrich et al.,
2004). The presence of EGG maxima
and minima indicates that there is
vocal fold vibration. EGG data are typ-
ically collected along with acoustic
recordings for the identification of
acoustic-phonetic boundaries.

The advantage to using an elec-
troglottograph is that the EGG signal is
unaffected by acoustic disturbances in
field recordings. In rural villages,
recording is often done in quiet spaces
in private homes. Typically, houses are
constructed by community members
without the help of an electrician.
Thus, in addition to the external noise
found in these communities, there are
often ground loops due to the use of
low current wiring. Ground loops in
AC power lines can produce an
unwanted signal in acoustic recordings,
with a fundamental frequency of 60 Hz
and its associated harmonics. To adjust
for this effect, a low stop filter can be
applied to the recordings; yet, this filter
also eliminates low frequency voicing
from the signal. Devoicing typically
involves low frequency and low ampli-
tude glottal pulses. EGG is ideal for
examining devoicing in these less-
than-ideal recording conditions
because it accurately captures low
amplitude voicing.

Vowel

B Vowel

Vowel Vo VCLS B

Vowel Breathiness

Vowel V.term

VCLS|B

Vowel

C

Fig. 5. Oral-glottal alignment configurations from EGG signal. VCLS represents voicelessness during closure. B
represents the voiceless burst duration following closure release. Figures from DiCanio (in press). Reprinted with

permission.

There are three ways in which vocal
fold vibration may be aligned to the clo-
sure of a stop in running speech. If the
sound preceding the stop is voiced,
voicing may cease coincidental with the
closure of the following stop. This is

simultaneous oral-glottal alignment.
Voicing may also cease during the
vowel duration prior to stop closure.
The time between devoicing and clo-
sure is called voice offset time (Vo). This
is the gestural configuration used for
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Fig. 6. Effect of total stop duration on glottal timing strategy. Long stop data (left), Short stop data (right). (P =
preaspiration, S = simultaneous timing, V = voicing during closure). Figure from DiCanio (in press). Reprinted

with permission.

preaspirated stops, as in Icelandic
(Helgason, 2002). Finally, voicing may
cease during the stop closure duration.
This is called partial voicing or voice ter-
mination time (V.term). Figures 5a-5¢
show these three oral-glottal alignment
configurations, respectively.

In DiCanio (2012), acoustic and
EGG recordings were made from four
speakers producing short and long
stops in Itunyoso Trique. These words
were presented in contexts so that the
duration of stop closure could be
examined from the acoustic signal
along with the alignment of devoicing
from the EGG signal. The results found
significant differences between the
long and short stops in relation to the
timing of devoicing. Long stops are
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produced with either simultaneous
glottal timing (49.4%), as shown in
Fig. 5a, or with devoicing prior to
closure (43.8%), as shown in Fig. 5b.
Short stops are typically produced
with voicing which extends into the
stop closure (84%), as shown in
Figure 5¢, and rarely with simulta-
neous  oral-glottal  alignment
(14.1%). The amount of voicing
during closure for the short (lenis)
stops varied in relation to the over-
all duration of the stop, shown in
Fig. 6. No such variation was
observed for long (fortis) stops.
Research on related languages
like Zapotec is inconclusive as to
whether short stops are voiced or
voiceless (Avelino, 2001; Nellis and

Hollenbach, 1980). These results sug-
gest that such variability is conditioned
by within-category changes in conso-
nant duration. The effect of such vari-
ability is that, for some short stops with
particularly short duration, voicing
may extend through the entire stop.
This pattern is called passive voicing
(Jansen, 2004; Westbury and Keating,
1986). Long stops show a different pat-
tern. They are actively devoiced by an
abrupt glottal spreading gesture, the
timing of which does not vary with
consonant duration.

This work addresses a general
descriptive question within Itunyoso
Trique: what is the phonetic realization
of short and long stops in the language?
However, the answer to this question
also informs a more general theory of
speech production. Voicing is generally
considered to be a discrete category
within the phonology of a language.
Sounds are typically classified as either
“voiced,” with vocal fold vibration, or
“voiceless,” without vocal fold vibra-
tion. The Trique data suggest that for
certain sound types, there is a continu-
um of voicing that varies due to dura-
tional differences. Findings like this
illustrate one of the ways in which
descriptive phonetic work on endan-
gered languages has a broader impact
on the linguistic sciences.

Summary

We have presented just two of the
many phonetic investigations currently
under way that examine the world’s
extensive, but shrinking, variety of lan-
guages. Documenting differences
between the world’s most disparate lan-
guages is of central importance to the
field of linguistics and to the language
community’s heritage. Such efforts are
funded by such governmental agencies
as the National Science Foundation
and the Administration for Native
Americans, and non-profits like the
Endangered Language Fund. While the
work presented here focuses mainly on
the production of consonants, many
more aspects of speech acoustics need
to be investigated. For instance,
prosody (speech timing, intonation)
varies substantially across languages;
yet, this topic is rarely addressed in



studies of endangered languages. As more communities
attempt to revive their heritage languages or seek the help of
linguists in the development of writing systems, phonetic
detail becomes more important. The techniques that are now
available for doing phonetic research in field locations are
much better than those available even a decade ago, and they
continue to improve. The full range of phonetic diversity in
human languages should become clearer in the coming years
as many more intriguing patterns are discovered.
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