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Linking linguistic contrasts to reality: The case of VOT

Peter Ladefoged and Taehong Cho
[To be published in a Festschrift for Eli Fischer- Jgrgensen]

In the early days of acoustic phonetics Eli Fischer-Jgrgensen (1954) described a
number of important properties of stop consonants, including the fact that the length of the
aspiration in voiceless stops (Voice Onset Time, or VOT, as it was later termed) varied
with place of articulation. Cho and Ladefoged (1999) summarize several factors
underlying this universal tendency, showing how it may depend on aerodynamic
circumstances, the mass and mobility of different articulators, temporal adjustment
between the closure duration and VOT, and perceptual concerns. These factors are given
different weights in different languages, resulting in variations across languages in the way
contrasts in VOT are manifested.

This paper is based on the data reported in Cho and Ladefoged (1999). It will
discuss the extent to which the phonological inventory of a language affects the VOT, and
conclude by discussing how a phonological description of a single language can make
explicit statements about the physical manifestation of VOT in that language, noting how it
differs or is the same as that in other languages. We will not consider within languages
variations in VOT due to place or articulation or other factors. It is sufficient for our
purposes to consider VOT only in voiceless velar stops in a number of different languages.

Previous discussions of cross-linguistic variations in VOT (e.g. Lisker &
Abramson 1964, Keating 1984) have been hampered by not being able to refer to a large
body of data that had been collected in accordance with the same protocol. When
comparing the phonetic properties of different languages it is important to collect data
from a number of speakers of each language, so that any individual bias is discounted, and
to analyze the data in the same way, so that differences in recording techniques and
measurement procedures do not affect the results. We were fortunate to have access to a
body of data that fulfilled these prerequisites.

The data we used consisted of measurements of VOT in 18 languages. For the last
8 years Peter Ladefoged and Ian Maddieson have been the Principal Investigators of a
National Science Foundation sponsored project to study the phonetic structures of
endangered languages. (This project is continuing for a further three year period under the
sole direction of Ian Maddieson.) Endangered languages are no different from any other
languages in their possible phonetic structures. These languages are endangered in that
they are losing speakers, usually for socio-economic reasons that have no linguistic biases.
Consequently a sample of the world’s languages consisting solely of languages spoken by
communities that are disappearing could theoretically be representative of the world’s
languages as a whole. Of course, as Maddieson (1997a) and others have pointed out, there
are enormous problems in getting a valid sample of languages that is truly representative of
the 6,703 (Grimes 1999) current languages in the world (not to mention the further
problems of extending this sample to cover all human languages that ever have been or
ever could be). The 18 languages that are used in the present work fail completely as a
representative sample of possible languages. But they are diverse enough to be at least
indicative of the range of VOT that can be found.

The 18 languages in the data set represent 12 different language families as shown
in Table 1. Most of the languages are spoken by a comparatively small number of



speakers, but Navajo and Apache are fairly widely spoken. Navajo is not an endangered
language, but it was investigated in the same way as the other languages. Jalapa Mazatec
is also not dying rapidly. It is spoken by nearly all the inhabitants of Jalapa de Diaz in
Mexico, including the children. It is endangered in the sense that it is changing rapidly
due to the influence of Spanish. Many distinctions are no longer made by younger
speakers. Scottish Gaelic may be spoken by 70,000 people, as we have been told, but it is
clearly an endangered language, spoken by very few young people. Eastern and Western
Aleut are closely related, but they have a number of phonological differences.

Table 1. Languages in the data set.

LANGUAGE FAMILY LOCATION

Aleut (Eastern) Eskimo-Aleut Alaska, U.S.A.
Aleut (Western) Eskimo-Aleut Alaska, U.S.A.
Apache Athabaskan Arizona, U.S.A.
Banawa Arawan Northern Brazil
Bowiri Niger-Congo Ghana

Chickasaw Muskogean Oklahoma, U.S.A.
Dahalo Cushitic Kenya

Defaka Niger-Congo Nigeria

Gaelic Indo-European Scotland, U.K.
Hupa Athabaskan California, U.S.A
Jalapa Mazatec Otomanguean Mexico

Khonoma Angami  Tibeto-Burman Nagaland, India
Montana Salish Salishan Montana, U.S.A.
Navajo Athabaskan New Mexico, U.S.A.
Tlingit Athabaskan Alaska, U.S.A.
Tsou Austronesian Taiwan

Wari’ Chapacuran Northern Brazil
Yapese Austronesian Western Pacific

The recordings of these 18 languages were made in the field in a standardized way
by one or other of the two Principal Investigators, Peter Ladefoged and Ian Maddieson,
with the exception of the Hupa data, which were recorded by Matthew Gordon, at that time
a graduate student in the UCLA Phonetics Lab. Material illustrating the full range of
segmental contrasts in each language was recorded, but in this paper we will refer only to
the data on voiceless unaspirated and voiceless aspirated velar stops. These stops were
always recorded in initial position in citation forms of contrasting words before a non-high
vowel. It is arguable that this is not the most appropriate data in that it does not reflect
natural utterances in the languages. We thought, however, that it was preferable to ensure
unity of style across languages, even at the expense of naturalness.

Several speakers of each language were recorded using high quality equipment. All
the speakers were adult native speakers who used the language in their daily life. As noted
above, most of the languages investigated are moribund (the children no longer speak
them), but all our speakers were completely fluent. The recordings were all analyzed by
Research Associates in the UCLA Phonetics Lab in the same way (for details see Cho and
Ladefoged, 1999). The differences between languages that emerged are almost certainly
not artifacts of the slight differences in the circumstances in which the recordings were
made, nor are they due to variations in the measurement techniques of the graduate



students who worked on this project, all of whom were closely supervised and trained in
the same way. We can conclude that the data reflect real differences between languages.

Figure 1 shows the mean VOT of the velar stops in these 18 languages. If a
language contrasts aspirated and unaspirated velar stops, both values are shown, so that
there are 25 columns of mean values. There is a very wide range of values, going from20
ms for the Khonoma Angami voiceless unaspirated stops to 154 ms for the Navajo
aspirated stops. The lower of these figures is not unexpected; voiceless velar stops are
known to have some voicing lag, so it is no surprise that the lowest value recorded in the
data set is significantly greater than zero. But, to those unfamiliar with Navajo, the value
of 154 ms for aspirated velar stops may seem excessive — almost as if it were an artifact.
It is not. As listeners to the language can attest, aspiration is a very salient feature of

Navajo speech.
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Figure 1. Mean VOTSs (ms) for voiceless velar stops in 18 languages.
(Values for voiced velar stops are not shown.)

Before discussing the data in detail, we must consider the set of oppositions that
occurs among these velar stops in each language. The fact that in some languages there is
only a single velar stop, while in others there are two, and in yet others three, might be



expected to influence the VOT chosen by each language. If there is no need to make a
perceptual distinction between two sounds, then one might expect a language to use the
simplest articulatory gesture, what Docherty (1992) has called the low-cost option. This
simplest gesture — whatever it is — is presumably the same for all human beings. So one
might expect all languages that have only one velar stop to use the same gesture. When
there is more than one voiceless velar stop, then each of them must be kept distinct and
something other than the low-cost option will have to be used. It is important, therefore, to
consider the phonological oppositions. The contrasts within each language are shown in
Table 2. We have omitted labialized velars, considering them to be irrelevant to the
present discussion of VOT. But we have included information on ejectives, as these sounds
are perceptually similar to velar stops that are distinguished simply by VOT. None of the
languages in the sample has distinctions due to variations in phonation type, such as creaky
voice or breathy voice. The symbols used are those chosen by the authors of the individual
studies.

Table 2. The contrasting velar stops (not including labialized stops)
that occur in each of the 18 languages.

LANGUAGE CONTRASTING SOURCE

VELAR STOPS
Aleut (Eastern) k Cho et al. 1997
Aleut (Western) k Cho et al. 1997
Apache k, k" k’ Gordon et al. 2000
Banawi k Ladefoged et al. 1997
Bowiri k,g Maddieson p.c.
Chickasaw k Gordon et. al. 1997
Dahalo k,g Maddieson et al. 1993
Defaka k,g Shryock, et al. 1996
Gaelic Kk, k: Ladefoged et al.1997
Hupa k, k" Kk’ Gordon, 1996
Jalapa Mazatec k, k" Silverman et al. 1995
Khonoma Angami  k, g Blankenship et al. 1993
Montana Salish k, kK’ Flemming et al. 1994
Navajo k, k", k’ McDonough & Ladefoged 1993
Tlingit k, k" k’ Maddieson et al. 1996
Tsou k Wright & Ladefoged 1997
Wari’ k MacEachern et al. 1997
Yapese k, kK, g Maddieson 1997b

There are six languages in the set that have only one velar stop. In none of them is
this stop voiced, so, quite understandably from a phonological point of view, the authors of
the original studies have represented each of these stops by the symbol k. But from a
phonetic point of view, these stops vary considerably. Some might well be considered
phonetically aspirated stops, and the others unaspirated. Both forms of Aleut have stops
that are among the most aspirated in the set. The other four languages that have only a
single velar stop, Banaw4, Chickasaw, Tsou and Wari’, vary in their choice of VOT, Tsou
being among the lower group and Wari’ among the higher. None of these six languages
needs to make a perceptual distinction between two sounds, and they might all be expected
to use the simplest articulatory gesture. But the data show that they do not necessarily
choose the same simplest, low-cost, articulation.



There are only four languages, Bowiri, Dahalo, Defaka and Khonoma Angami, that
have what those with a European bias might consider to be the typical velar contrasts, K vs
g. A fifth, Yapese, has this contrast plus an ejective. We do not have adequate data on the
voiced stops in these five languages (except that we know that they all have some voicing
during the stop closure), so we cannot say which of them are more like French, with a
contrast between a fully voiced stop and a voiceless unaspirated stop, and which more like
English, with a contrast between a partly voiced stop and an aspirated stop.

In our pursuit of the distinction between voiceless unaspirated and aspirated stops,
we can consider all 11 languages that have a single voiceless velar stop that has, from a
phonetic point of view, to be called voiceless unaspirated or aspirated. When describing
these languages we do not need to make the distinction for phonological reasons, but we
must, within the usual techniques of phonetic description, say that these stops fall into the
one phonetic category or the other. The VOT’s for these 11 languages are represented by
the gray columns in Figure 1. Where should we draw the line for the phonetic boundary
between voiceless unaspirated stops and aspirated stops? If we look at the data in Figure 1
it might appear as if we could draw it after Banawd. But if we remove the distraction of
the data from languages that contrast voiceless unaspirated and aspirated stops, and look at
languages that have just one voiceless stop, as in Figure 2, the answer is not so obvious.
There is a steady increase in VOT, and no obvious way of dividing the data into two
phonetic categories until we get to Eastern and Western Aleut, both of which clearly have
aspirated stops. The difference between Banawd and Montana Salish, the dividing line
suggested by the data in Figure 1, is smaller than that between Banaw4 and Bowiri, and
that between Montana Salish and Wari’. There is a smooth increase in VOT, and we can
make only an arbitrary decision about which languages have voiceless unaspirated stops,
and which have aspirated stops.

1GO -
80
60
40

20 1

ms

—~ O O
“ o T
o % =
c o O

5 3
73
o)
=

NI

11mog
asade A

O
o
¥
o
o

emeueg

ysijeS euejuop
(uieiseq) N9y
(uielsapp) Inaly

Figure 2. The 11 languages in the sample that do not distinguish voiceless
unaspirated and aspirated stops.



Now consider the 7 languages in the sample that contrast voiceless unaspirated and
aspirated stops, shown in Figure 3. We noted earlier that when there is no need to make a
perceptual distinction we might expect that languages will choose the low-cost option, and
make the simplest articulation. This expectation turned out to be wrong. Here, where there
is a need to make a perceptual distinction between similar sounds, one might expect that
languages would maximize the perceptual difference between them. But, as in the previous
case, this expectation is not met. Languages do not behave in this way. Some languages
make a large difference, others do not. Hupa has a difference of only 40 ms between
voiceless unaspirated and aspirated stops. This is less than half Tlingit’s 100 ms.

. voiceless unaspirated

140 7 . ,
l:l voiceless aspirated

120 A

100 1

80 T

dligey
nouiL
ayoedy
ednH
oleneN
dlgey
ayoedy
ednH
ubun L
oleneN

Iwebuy ewouoydy
oojezel\ edejer
ysi|leS eBUuBJUO
oojezej\ edejer

Figure 3. The 7 languages in the sample that distinguish voiceless
unaspirated and aspirated stops.

There are six languages that have ejectives. Apache, Hupa, Montana Salish, Navajo
and Tlingit contrast k, k’, k*. Yapese contrasts k, k’, g and Montana Salish has just k, k’.
These languages are interesting in that they may use VOT as a helping feature (Stevens,
Keyser & Kawasaki,1986) to further the distinction between ejectives and other stops.
There is a tendency for this to happen, as can be seen from the data in Figure 4, in which
the shading has been arranged so as to make it easier to compare languages. In every
language except Hupa the ejectives are clearly distinguished from the other stops by VOT.
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Figure 4. The 6 languages in the sample that have ejectives. Each
language has been given a different shading so as to make it easy to
compare the ejectives with the other stops in the language.

We will now assess the data as a whole, and consider how phonological statements
about each language can be related to observable VOT differences. We presume that
phonological descriptions will need to distinguish at least three possibilities [voiced],
[voiceless unaspirated] and [aspirated]. We have considered only the [voiceless
unaspirated] and [aspirated] categories in this paper, partly because we do not have data on
voiced stops, and partly because we do not know of any claims that different degrees of
negative VOT are phonologically contrastive. However, languages vary in the amount of
voicing that can occur in a phonologically voiced stop, and any mechanism that we
propose for the realization of phonologically voiceless stops in terms of physical phonetic
variables should apply in a similar way to phonologically voiced stops.

How should the three possibilities {voiced, voiceless unaspirated, aspirated} be
realized? Because we want a variable that will be constant within a language across
different places of articulation, we propose making phonetic specifications not in terms of
the directly observable acoustic measure, VOT, but in terms of an underlying physiological
measure. We suggest that there 1s a phonetic parameter, which we will call Articulatory



VOT, definable in terms of the difference in time between the initiation of the articulatory
gesture responsible for the release of a closure and the initiation of the laryngeal gesture
responsible for vocal fold vibration. We think it likely that speakers aim for a certain
timing difference between articulatory and glottal gestures irrespective of the articulatory
gesture involved. This is the low-cost option suggested by Docherty (1992). Differences
in VOT within a language are usually the inevitable consequence of the physiological
movements and the aerodynamic forces that occur at different places of articulation and in
different syntagmatic contexts. Cho and Ladefoged (1999), however, found a few cases in
which a single VOT target cannot account for all the observed variations in VOT within a
language. Sometimes there may be variations in VOT ascribable to aerodynamic causes
(e.g. the variations due to place of articulation in unaspirated stops) that a language may
choose to use in other circumstances (e.g. as an aid to the perception of places of
articulation of aspirated stops in which different aerodynamic forces occur and would,
unless prevented, have produced a different acoustic effect).

Even if we specify VOT in terms of an underlying physiological parameter, our
data show that there is a great deal of between language variation. Moreover, it is
impossible to predict the differences between languages from knowledge of the
phonological contrasts within a language. It is not the case that if a language lacks a
contrast between k and k" it will have the simplest possible VOT, with a value between the
modal value for k and that for k" . Nor is it the case that if a language does have a contrast
between k and k" will it make that contrast with a larger than usual VOT for k" and a
smaller one for Kk, so as to make sure that the difference is easy to hear. Nor does the VOT
in ejectives have any simple relation to the VOT of other phonological contrasts. We
propose, as in Cho and Ladefoged (1999), that each language chooses a modal VOT value
for each of the categories [voiced], [voiceless unaspirated] and [voiceless aspirated] that
are specified in the phonology. The statement of these values is the link between
phonology and measurable phonetic parameters. A phonological description of a language
that does not include statements of this kind is incomplete.

Many thanks are owed to the members of UCLA Phonetics Lab and all the speakers who
participated in the project studying ‘Phonetic structures of endangered languages’. This
work was supported by NSF grant SBR 951118 to Peter Ladefoged and Ian Maddieson.
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Phonetic structures of Western Apache

Brian Potter*, Matthew Gordon**, John Dawson, Willem de Reuse***
and Peter Ladefoged

Linguistics Department, University of California, Los Angeles
*Inquizit Technologies
** Now at Linguistics Department, University of California, Santa Barbara
***Department of English, University of North Texas

1. Introduction

Western Apache is a Southern Athabaskan language spoken primarily on the San Carlos and
White Mountain Apache Reservations in east central Arizona. Figure 1 illustrates the locations of
these reservations.

Arizona

Figure 1. Map indicating primary area in which Western Apache is spoken.

The first recorded use of the term ‘Apache’ is by Juan de Ofiate at San Juan Pueblo on
September 9, 1598. As discussed in Opler (1983), there are several hypotheses about the original
source for this word including the Zuni and Yavapai words [?aapacu] and [2awaaéa],
respectively, referring to the Southern Athabaskan people in general, as well as the Spanish word
mapache, ‘racoon’. The Western Apache people refer to themselves (in their practical
orthography) as the ‘nnee’, ‘ndee’, or ‘?inee’, depending on dialect.

The Southern Athabaskan languages, also known as the ‘Apachean’ languages, additionally
include Navajo, and Mescalero, Chiricahua, Jicarilla, Lipan, and Plains Apache. The classification
in Figure 2 combines the proposals in Hoijer (1938) and Hoijer (1971), and is compatible with that
of Hardy (1979). Note that Chiricahua and Mescalero are now considered to be mutually
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intelligible dialects of one language. We not know whether Lipan is still spoken.

Apachean (Southern Athabaskan)

Southwestern Apachean Plains Apache
Western Eastern
Western Apache Jicarilla
Navajo Lipan

Mescalero-Chiricahua

Figure 2. Classification of the Southern Athabaskan languages.

Hoijer identified the Apachean languages as ‘closely related” (Hoijer 1963:6) but ‘mutually
unintelligible dialect groups’ (Hoijer 1945:193, 1938). Western Apache is not mutually intelligible
with Navajo, its geographically closest relative, but De Reuse (1994, 1992) notes that Western
Apache and Navajo speakers understand much of each other’s languages, and that some speakers
claim mutual intelligibility. Western Apache dialects spoken in regions close to the Navajo
reservation exhibit a greater degree of mutual intelligibility with Navajo than do dialects spoken in
regions farther from the Navajo reservation. The Tonto dialect of Western Apache, spoken in and
near Camp Verde and Payson, Arizona, is geographically and linguistically the closest dialect to
Navajo, while the San Carlos dialect, the predominant dialect on the San Carlos Reservation, is
geographically and linguistically the most distinct. Note that the predominant dialect on the White
Mountain Apache reservation is White Mountain Apache.

The 1990 U.S. Census reports an estimated 12,390 speakers of ‘Apache’. It is unclear to
what extent this figure accurately distinguishes Western, Mescalero-Chiricahua, Jicarilla, Plains,
and Lipan Apache. An estimated 303 respondents also identified themselves specifically as ‘San
Carlos’ speakers. Census estimates also indicate that over 17,000 respondents identified
themselves as speakers of ‘Indian’ or ‘American Indian’, and approximately 1,500 respondents
identified themselves as ‘Athabaskan’ speakers. The particular languages spoken by these
individuals are not known. A fair estimate of the total number of Western Apache speakers at
present is 14,000 - 15,000. The Census figures are listed with commentary by Broadwell (1995).
The figures are from an unpublished Census report: Language Spoken at Home and Ab1hty to
Speak English for United States, Regions and States: 1990 (CPH-L-133).

Relatively few materials are presently available on Western Apache phonetics. There are two
dissertations on Western Apache phonetics and/or phonology: Greenfeld (1972), a study of White
Mountain phonetics and phonology, and Durbin (1964), a study of San Carlos phonology and
morphology. De Reuse (1994) provides an introduction to Western Apache phonetics and Hill
(1963) and de Reuse (1993) discuss dialect variation within Western Apache. Several works on
Navajo phonetics are relevant to the present study including deJong & McDonough (1994),
McDonough & Austin-Garrison (1994), McDonough & Ladefoged (1993), and McDonough,
Ladefoged & George (1993). Additionally, there is discussion of Navajo and Western Apache
sounds/orthography in Young & Morgan (1987) and the White Mountain Apache Culture Center
(1972a,b), respectively. (See de Reuse (1994) and Potter (1997) for more comprehensive
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discussion of Western Apache linguistic materials.)

2. Present study

The present study is based on a list of approximately 150 Western Apache words that was
designed to illustrate several of the principal phonetic features of the language, including voice-
onset-time and closure duration of the stops, spectral properties of the fricatives, and duration and
quality of the vowels. The word list was checked and recorded by one male speaker, M1, in Los
Angeles. The remainder of the fieldwork was conducted in Tucson, Arizona, and in the towns of
Bylas, Peridot and San Carlos on the San Carlos reservation. The word list was elicited from a
total of nine speakers, four women and five men. The speakers represented a number of different
dialects within Western Apache including San Carlos, White Mountain, Cibecue, and two different
varieties spoken in Bylas. Data from one of the female speakers could not be used; thus, this paper
presents data from three female and five male speakers. Recordings were made using a
headmounted noise-canceling microphone, which ensured an approximately 45 dB signal to noise
ratio. Three speakers were recorded outdoors. Speakers repeated each word twice, while
recordings were made on a Sony Digital Audio Tape Recorder at a sampling rate of 48 kHz. Upon
return to the UCLA Phonetics Laboratory, the data that were to be used for acoustic analyses were
transferred to the Kay Computerized Speech Lab and down sampled to 16 kHz for analysis.

3. Consonants

The consonant phonemes of Western Apache are shown in Table 1. IPA symbols are used in
the text, except for those delimited by angled brackets, which represent the orthographic
conventions prevalent in the Athabaskan literature, shown in Table 2.

Table 1. The consonants of Western Apache as investigated in the present study.

BILABIAL ALVEOLAR r)ALATO- VELAR GLOTTAL
ALVEOLAR
STOPS P th t kh k ?
t’ kK’
AFFRICATES tSh ts tJ'h tj‘
ts’ tf’
NASALS m n
FRICATIVES S / J" 3 X Y h
LATERALS } 1
LATERAL
AFFRICATES ’ ti tl
ti
APPROXIMANTS W j
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Table 2. Conventional Athabaskan orthography for the consonants of Western Apache.

BILABIAL | ALVEOLAR | PALATO- VELAR GLOTTAL
ALVEOLAR
STOPS b 1t d K g 3
t’ k’
AFFRICATES ts dz ch j
. ts’ ch’
NASALS m n
FRICATIVES S VA sh zh X gh h
LATERALS I 1
LLATERAL t1 dl
AFFRICATES ,
ti
APPROXIMANTS |w y

Note that several sounds and/or sound combinations present in Western Apache are not
indicated in Table 1. Table 1 does not include the prenasalized voiced stops [mb] and [nd], which
occur as variants of /m/ and /n/. The glottalized nasals ['m], [’n] and prenasalized ['nd] are not
included as they occur only in words made up of more than one morpheme. Labialized [hw] and
[kw] are considered as the equivalent of phonemes in the orthography, but we did not investigate
them in the present project. Note also that while listed separately in Table 1, the phonemic
distinction between /x/ and /h/ is of some debate (cf. de Reuse 1994), and [w] is possibly an
allophone of /y/ (Greenfeld 1972, de Reuse 1994). These sounds, which are distinguished in the
Western Apache orthography, were included in the present study. The presence of /m/ in the table
is questionable, as virtually all occurrences of this sound are in loan words. The status of [ph] will
be discussed in section 3.3. Finally, note that the release of the unaspirated affricates is typically
voiceless although there may be some tokens with slight voicing during the fricative phase.

3.1. Unaffricated stops

Western Apache unaffricated stop consonants are produced at three places: bilabial, alveolar,
and velar. At the alveolar and velar places of articulation there are three possibilities: aspirated,
ejective and unaspirated. (The voiceless unaspirated alveolars are characteristically realized as taps
in intervocalic environments other than in root-initial position.) The bilabial stops are more
restricted.  Ejective bilabial stops do not occur, and aspirated bilabial stops are rarely attested,
surfacing primarily in borrowed words. Figures 3 - 5 illustrate the alveolar stop series for one
speaker.
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Figure 3. Voiceless unaspirated stop in the word pitaZju ‘at its edge’ as produced by speaker F1.
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Figure 4. Voiceless aspirated stop in the word pithazith ‘his turkey’ as produced by speaker F1.
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Figure 5. Ejective stop in the word pit’ah ‘next to him’ as produced by speaker F1.

In addition, although not previously recognized for Western Apache, the present study
investigates the possible presence of contrastively voiced stops in the language. As reported in
Section 3.3, a voiced alveolar stop, contrasting with the unaspirated alveolar stop, was identified in
the speech of two Western Apache speakers.

3.1.1. Voice onset time (VOT)

Voice-onset-time (the period from consonant release to the onset of voicing of the
following vowel, abbreviated VOT) was measured for the stops using the waveform in conjunction
with a spectrogram. VOT measurements were made for the boldface consonants appearing in the
words in Table 3. Consonants were measured in two intervocalic contexts, in both of which the
stop was preceded by the high front vowel [1]. The contexts are distinguished by the vowel
following the stop, high front [1] or [i] versus low [a].

VOT values were found not to differ as a function of whether they appeared before low or
before high vowels. Mean values averaged over all speakers and all consonants were in fact 43 ms
in both environments. Nor did individual speakers show substantially different patterns. For this
reason, the other analyses of VOT discussed below collapse results for all speakers and both
contexts in which the target stop appeared.

Table 3. Words used to measure VOT and closure duration for unaffricated stops.

Stop Before Before

Consonant [i]/ {1 [a]
p pipit his stomach 1pan buckskin
t pitt his blood pita’ja | at its edge
k pikish | his cane pikat his cedar
t! pit'isko | more so pit"azi | his turkey
k" k'3 spotted ik at animal hide
t pit’its | his cottonwood tree pit’ah | near him
kK’ pik’isn | his brother ik’ah fat

VOT for the three manners of stop consonants (aspirated, ejective, and unaspirated) appear in
Figure 6. Bilabials were omitted from this comparison, due to the lack of aspirated and ejective
bilabials in the data set. Thus, data in Figure 6 includes only alveolar and velar stops. All three
manner classes differ significantly from one another in terms of VOT. VOT is longest for the
aspirated stops, intermediate in length for the ejective stops, and shortest for the unaspirated stops.
The effect of manner of articulation on VOT was found to be highly significant at the p<.0001 level

15



according to a two-factor analysis of variance with place of articulation and manner of articulation
as independent variables: F (2, 185) = 97.831, p<.0001. Additionally, all of the differences
between individual manners of articulation were found to be highly significant at the p<.0001 level
according to Fisher’s PLSD post hoc tests.

Aspirated Ejective  Unaspirated

Figure 6. VOT values for aspirated, ejective, and unaspirated stops (velars and alveolars).

VOT was also highly influenced by place of articulation according to the analysis of variance:
F(1, 185) = 41.485, p<.0001. In a series of unpaired t-tests, velars and alveolars were compared
within the ejective and aspirated series, while velar, alveolar, and bilabial stops were compared
within the unaspirated series. Results for all three manners of articulation were similar. Velars had
significantly longer VOT values than alveolars (p<.0001), as shown in Figure 7, which presents
results for ejective, unaspirated, and aspirated stops.

90 -

80 - -[
70 -
60 -
50 -
40 -
30 -
20 -
10 -
ms

[] Aspirated
% Ejective
B Unaspirated

VOT

Velar Alveolar

Figure 7. VOT for velar and alveolar stops classified by manner of articulation.

Alveolars, in turn, had significantly greater VOT values than bilabial stops in the unaspirated
series (p=.0192), the only class of stops for which comparison could be made. Though
statistically significant, this difference was quite small, only a few ms. VOT values for the three
places of articulation in the unaspirated stop series are shown in Figure 8.
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VOT

Velar Alveolar Bilabial

Figure 8. VOT values for velar, alveolar, and bilabial stops in the unaspirated stop series.

The VOT patterns found in Western Apache stops bear close resemblance to those found in
other languages of the world (cf. Cho and Ladefoged in press, for data on 18 languages). Figure 9
shows comparative data for alveolar and velar stops in Apache and three other languages in the Na-
Dene phylum. All these languages were recorded and analyzed in the same way, as part of the
UCLA endangered languages project. The pattern, aspirated stops having a longer VOT than
ejectives, which are in turn longer than unaspirated stops is found in Navajo (McDonough and
Ladefoged 1993) and Tlingit (Maddieson et al. 1996). In Hupa (Gordon 1996), however, VOT
values for the dental ejectives are slightly longer than for the dental aspirates. Although the
direction of the VOT difference between aspirated and ejective stops is not entirely consistent
across these four languages, the fact that ejectives and aspirated stops consistently differ suggests
that VOT is perhaps used as a perceptual cue to differentiate the two classes of stops. However,
further research on a greater number of genetically diverse languages, in addition to perception
experiments, would be necessary to substantiate this hypothesis.
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Figure 9. Comparative VOT for unaspirated, ejective and aspirated stops in four
languages. Data from the present study, McDonough and Ladefoged (1993) for
Navajo, Maddieson et al. (1996) for Tlingit, and Gordon (1996) for Hupa.

A further result of interest in the present study was that female speakers had significantly
longer VOT values according to an unpaired t-test (p=.0003) than male speakers for both the
ejective and aspirated stops: females 48 ms and males 40 ms, averaged over all places and
manners of articulation. A gender dependent difference was not found in the unaspirated stops,
probably because of the small range of VOT values for the unaspirated series which is involved in
a phonemic contrast with the aspirated stop series. VOT values for each consonant separated by
gender appear in Figure 10.
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Figure 10. VOT values for all unaffricated stops divided by gender.

3.1.2. Closure duration
Closure duration values for the boldfaced stops in Table 2 were also measured from the

waveforms. Measurements were taken from the onset of the stop closure to the point of the
release. Closure duration values are compared for aspirated, ejective, and unaspirated stops
produced at the alveolar and velar places of articulation. Bilabials were excluded from the analysis

due to their absence in the ejective and aspirated series.

140
120 - =t
100
80
60
40 -

20 4
ms

closure duration

Aspirated Ejective = Unaspirated
Figure 11. Closure duration for aspirated, ejective, and unaspirated stops (velar and
alveolar places of articulation). :

An analysis of variance for closure duration of velars and alveolars (the only places of
articulation attested for all manners of articulation) with manner and place of articulation as
independent variables indicated a highly significant effect of manner (F(2, 184) = 6.865, p=.0013)
and a weaker but significant effect of place (F(1,184) = 5.161, p=.0243) on closure values.
Closure values (shown in Figure 11) differed between all three manners of articulation according to
Fisher’s PLSD post hoc tests, though the only statistically significant difference was between
aspirated and unaspirated stops (p=.0003), with the aspirated stops displaying shorter closure
durations than the unaspirated stops. Ejectives had closure durations which were intermediate
between those of the aspirated and unaspirated stops, although these differences did not quite reach
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statistical significance: aspirated vs. ejective, p=.0784; ejective vs. unaspirated, p=.0583.

The unaspirated series has the longest closure durations but the shortest VOT values.
Conversely, the aspirated series displays the shortest closure durations but the longest VOT values.
The ejectives have both VOT and closure values that are intermediate between those of the
unaspirated and aspirated series. A similar inverse correlation between VOT and closure duration
was found according to place of articulation. Velars had significantly shorter closure duration
values than alveolars (p=.0250), as shown in Figure 12 for all three manners of articulations.

160 -
§ 140 - .
2 T .
£ 120 1 T // [ 1 Aspirated
S — [7 . .
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v 80 -
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®)
o 40
20
ms ;
Velar Alveolar
Figure 12. Closure durations for velar and alveolar stops classified by manner of
articulation.

In the unaspirated stop series, the only stop series containing bilabials, the only significant
difference due to place of articulation was between bilabial stops and velar stops, according to an
unpaired t-tests. Results for the unaspirated stops appear in Figure 13.
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Velar Alveolar Bilabial

Figure 13. Closure durations for velar, alveolar, and bilabial stops in the
unaspirated series.

As shown in Figures 14 and 15, if closure and VOT values are summed together for each place
of articulation, the combined values for each of the three places (two in the case of ejectives and
aspirated stops) of articulation turn out to be approximately the same. This is shown in Figure 14

20



for the velar and alveolar aspirated stops, and in Figure 15 for all three places of articulation in the
unaspirated series.
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Figure 14. Closure duration and VOT values for velar and alveolar aspirated stops.
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Figure 15. Combined closure duration and VOT values for unaspirated velar,
alveolar, and bilabial stops.

The inverse correlation between VOT and closure duration for stops at different places of
articulation appears to be a general cross-linguistic property attested in a large number of
languages. Maddieson (1997) offers a possible explanation of the place-dependent nature of both
the closure duration and VOT suggesting that the duration of the vocal fold opening may be fixed,
with different durations for aspirated and unaspirated stops. When the closure duration is
relatively longer, the VOT becomes relatively shorter (and vice versa). As he puts it: “There is an
abduction-adduction cycle of the vocal cords for voiceless stops which is longer in duration than
the closure and has a constant time course, anchored to the onset of closure” (Maddieson 1997:

621).
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A possible reason for the shorter closure duration for the velar stop than both the alveolar and
the labial stops is that the seal for more posterior stops may be more difficult to hold in the face of
increased air pressure (Maddieson 1997). When the oral closure is further back, the cavity behind
the closure is smaller, and the air pressure reaches a maximum more quickly. The faster the
increase in pressure, the shorter the closure is held, perhaps due to a biomechanical feedback
mechanism. Following this logic, the seal for a velar will be maintained for a shorter period of
time than the closure for an alveolar stop which in turn will be held for a shorter period of time than
the bilabial stop. The Western Apache data are compatible with this account, as velars show the
shortest closures, whereas bilabials have the longest closures, though differences in both closure
duration and VOT between the bilabial and alveolar stops are negligible in the language.

A weaker inverse correlation between closure duration and VOT is also found if different
manners of articulation are compared, as shown in Figure 16. Those stops with the longest VOT
values, the aspirated ones, have the shortest closure durations. Conversely, the stops with the
shortest VOT values, the unaspirated ones, have the longest closure durations. FEjectives are
intermediate in terms of both VOT and closure duration.
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Velar Alveolar Bilabial

Figure 16. Combined closure duration and VOT values (ms ) for aspirated, ejective,
and unaspirated stops.

The manner dependent tendency for closure durations to be shortest when VOT values are
longest also potentially finds an explanation similar to the one offered by Maddieson to account for
the place-dependent inverse relationship between closure duration and VOT. The duration of the
vocal fold opening may be fixed for each class of stops, so that lengthening the closure phase
results in a compensatory shortening of the VOT phase. Conversely, shortening the closure results
in a longer VOT period.

This explanation, with slight modification, will account for the inverse relationship between
closure duration and VOT for the ejective stops. Ejectives require a closed glottis to be produced,
unlike the aspirated and unaspirated stops which are fully voiceless in Western Apache and require
an open glottis during production. If the duration of the glottal closure in ejectives is fixed, both
the compensatory relationship between closure duration and VOT in the ejective series and the
parallel between ejectives and voiceless stops are accounted for. Thus, it may be the case that not
only is the duration of the glottal abduction-adduction cycle fixed, but that the adduction-abduction
cycle is also fixed, with the cycles roughly equivalent to one another in duration.

Closure durations were found to be significantly longer at the p<.0001 level according to an

unpaired t-test for the females than for the males: 147 ms for the females compared to 127 ms for
the males. This result is similar to that found for VOT, which was also longer for female than for
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male speakers. Closure duration values are plotted in Figure 17 for all stop consonants separated
according to the speaker gender.
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Figure 17. Closure duration values for all unaffricated stops divided by gender.

3.2. Affricated stops
The VOT and closure duration for affricated stops was measured using waveforms in

conjunction with spectrograms. Measurements were made for the boldface consonants appearing
in the words in Table 4. The affricates were measured in the same two intervocalic contexts as the
unaffricated stops, with one exception. In the word [najdtirat] ‘he is greasing it’, the aspirated

/tP/ occurs between a lateral fricative [t]and [a].

Table 4. Words used to measure VOT and closure duration for affricated stops.

Affricate | Betore [i] / [1] Before [a]
ts pitstt his mountain | na?ti:tsa: | he got up
tf pitf11 his heart pitfat his leg
L. ik’ ettlife? stink bug taritla? lightning
ts" pits'i? his daughter | prts"at his needle
tfT pitf3 his firewood | pitf*an its feces
" titi"d shaky najitiat | he is greasing it
ts’ pits’ile his cane tits’ak strong (hard but flexible)
tf’ pitf’1t his blanket hartf’ait | it is oozing
t pit¥iif his snake pitf’akat | her dress

Voicing for the unaspirated laterally released affricate typically commences approximately in the
middle of the lateral, though sometimes even earlier, as in the exemplar in Figure 18, which also
illustrates an alveolar tap. The acoustic result is a stop followed by a lateral that is voiceless for its
first half and voiced for its second half. The unaspirated laterally released affricate in Navajo has a
similar realization (McDonough and Ladefoged 1993).
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Figure 18. Unaspirated laterally released affricate in the word taritla? ‘lightning’
as produced by speaker M3.
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3.2.1. VOT of the affricated stops

An analysis of variance of VOT was performed for the affricated stops, taking place of
articulation, manner of articulation, the following vowel, gender of the speaker, and the repetition
number as independent variables. Four of these five factors were found to exert a highly
significant influence on VOT values: place of articulation, F (2, 200) = 62.521, p<.0001; manner
of articulation, F (2, 200) = 95.660, p<.0001; the following vowel, F (1, 100) = 21.933,
p<.0001; gender, F (1, 200) = 26.056, p<.0001. The remaining factor, the repetition number (i.e.
the first or second repetition of each word uttered by a speaker), exerted a negligible influence on
VOT. None of the interactions between factors was statistically significant at the p<.05 level
except for the interaction between manner and gender: F (2, 200) = 4.882, p=.0085.

Figure 19 graphically depicts the effect of manner of articulation on mean VOT values.
Following the pattern of the unaffricated stops, the aspirated affricates are characterized by the
longest VOT values on average, while the unaspirated affricates have the shortest average VOT
values. The ejective is intermediate in terms of VOT. A Fisher’s PLSD post hoc test indicates that
all manner of articulations are significantly different from one another in terms of VOT at the
p<.0001 level.
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Figure 19. VOT for aspirated, ejective, and unaspirated affricates.
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VOT values as a function of place of articulation are shown in Figure 20. As Figure 20
indicates, VOT is longest for the alveolar affricate, shorter for the palato-alveolar affricate, and still
shorter for the laterally released affricate. All of these differences are statistically significant from
one another at the p<.0001 level according to PLSD posthoc tests dependent on the ANOVA
described above.
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Figure 20. VOT for alveolar, palato-alveolar, and laterally released affricates.

The difference between the alveolar and the palato-alveolar is the opposite pattern from that
seen in the unaffricated series, where the more front alveolar articulation has shorter VOT values
than the backer velar articulation. The VOT results for the Western Apache affricates are similar to
those for the unaspirated series in Navajo (McDonough and Ladefoged 1993). Interestingly, the
Navajo differences are most noticeable in the unaspirated series; neither the affricated nor the
ejective series of affricates show reliable differences in VOT between the alveolar, the lateral, and
the palato-alveolars in Navajo. In Apache, the same VOT pattern (alveolars longest followed by
palato-alveolars followed by laterals) is found for all manners of articulation, as Figure 21
demonstrates.
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Figure 21. VOT for alveolar, laterally released, and palato-alveolar affricates
classified by manner of articulation.

VOT values were slightly longer before high vowels than before low vowels, a difference
of 15 ms averaged over all places and manners of articulation which was significant at p<.0001
according to a Fisher’s PLSD posthoc test. VOT values were longer on average (17 ms) for
female than for male speakers (p<.0001), a difference which was also seen in the unaffricated stop
series in Figure 17. The first repetition was negligibly longer (6 ms) on average than the second
repetition of each word. This difference was only barely significant according to a Fisher’s PLSD
posthoc test (p=.0337). Given the extremely small absolute difference in VOT duration and the
large number of tokens in the analysis, this result does not appear to be robust.

3.2.2. Closure

For closure duration, an ANOVA was performed with place of articulation, manner of
articulation, the following vowel, gender of the speaker, and the repetition number as independent
variables. The largest effect was exerted by gender: F (1, 196) = 19.428, p<.0001, with smaller
effects exerted by the following vowel (F (1, 196) = 13.531, p<.0003), manner of articulation
(F(2, 196) = 6.717, p=.0015), and place of articulation (F (2, 196) = 4.456, p=.0128).
Repetition number had no reliable effect on closure duration (F (1, 196) = .568, p=.4520). None
of the interactions between factors was statistically robust except for a three-way interaction
between place of articulation, the following vowel, and manner of articulation. This difference
was fairly weak statistically, p=.0126.

Mean closure duration values as a function of manner of articulation appear graphically in
Figure 22. Exactly opposite to the VOT results in Figure 20, closure duration is longest for the
unaspirated series and shortest for the aspirated affricates. Only the difference between the
aspirated and unaspirated affricates reaches statistical significance, p=.0031. The inverse
relationship between closure duration and VOT as a function of manner parallels the result for the
unaffricated stops and is similar to the result found for Navajo (McDonough and Ladefoged 1993).
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Figure 22. Closure duration for aspirated, ejective, and unaspirated affricates.

Closure durations for the palato-alveolar affricates were significantly shorter than those for
both the alveolar and lateral affricates as Figure 23 shows: palato-alveolar vs. alveolar, p=.0088

according to a Fisher’s PLSD post hoc test; palato-alveolar vs. lateral, p=.0028. The difference
between alveolars and laterals was minuscule and statistically insignificant, p=.6434.
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Figure 23. Closure duration for alveolar, palato-alveolar, and laterally released
affricates.

These results for Western Apache differ from those for Navajo, where the laterally released
affricate has much longer closure durations than both the alveolar and palato-alveolar affricates, at
least in the unaspirated and aspirated series (McDonough and Ladefoged 1993).

Closure duration was slightly longer before /i/ than before /a/ (11 ms, p=.0028 in a Fisher’s
PLSD posthoc test), and closure duration was longer for females than for males (16 ms, p<.0001).
Repetition number was shown to have no reliable effect on closure duration (2 ms, p=.5173).

3.3 Voiced Stops

Although not previously recognized for Western Apache, the present project investigated the
possible presence of contrastively voiced stops in root-initial position. The words in Table 5 were
identified as containing potentially voiced bilabial and alveolar stops and included in the word list
recorded by the Western Apache speakers. No potentially voiced velar stops had been identified at
the time the recordings were made.
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Table 5.

Western Apache.

Words used to investigate the possible presence of voiced stops in

Before [1] Before [a]

Bilabial | pipi3 his knife hipath it is gray
(not voiced) (not voiced)

Alveolar | sidil they are in yaiyitah he habitually
(voiced) position (not voiced) forgets it

As indicated in Table 5, only the word <sidil> was found to contain a voiced stop. Substantial
dialect variation was present for this word, however. Two of the speakers pronounced the word
as [smil], the probable earliest common form (cf. Navajo <sinil>, Young & Morgan 1987), while
one speaker pronounced it as [smdil]. Of the five speakers who pronounced the word with a non-
nasal alveolar stop, only two had a voiced [d]. For these two speakers, however, the contrast
between the voiced and voiceless unaspirated alveolar stops is clear. Figures 24 and 25 illustrate

the contrast for speaker F3.
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Figure 24. Voiced stop in the word sidil “They (plural objects) are in position’ as
produced by speaker F3.
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Figure 25. Voiceless unaspirated stop in the word pitd ‘his blood’ as produced by
speaker F3.
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The possible development of a contrastively voiced alveolar stop may be presently confined to
those stops that vary dialectally between [d] / [t], [n], and [nd], i.e. alveolar stops that are derived
historically from [n]. It must be noted, however, that the word [ja:jitah] shows this same pattern
with dialectal variants [ja;jindah] and [jaijinah], but was not pronounced with a voiced alveolar [d]
by any of the recorded speakers.

3.3. Fricatives

Western Apache has four voiceless oral fricatives A/, /s/, /f/, and /x/ (plus /h/, which will not
be considerd further).The acoustic properties of these sounds were investigated in a set of words
containing the fricatives in two intervocalic contexts, between a high front vowel and [a] and
between two high front vowels. These words were digitized at a sampling rate of 22,050Hz using
Kay MultiSpeech. The measured fricatives appear in boldface in the words in Table 6. (Note that
one of the environments in which /x/ was measured was between /s/ and the high front vowel.) A
1,024 point window (approximately 46 ms) was centered around the middle of each fricative and
an FFT spectrum of this window was calculated. Numerical spectra were then averaged together
over the two tokens of each fricative appearing in the same environment for a given speaker.
Because visual inspection revealed consistency across speakers in their spectral properties, the
spectra for all speakers were averaged together for each fricative. These averaged spectra in the
pre-[a] context appear in Figure 26 (female speakers) and Figure 27 (male speakers). (Spectra for
the fricatives before the high front vowels were quite similar to those in the [a] context.)

Table 6. Words used to examine the spectral properties of Western Apache

fricatives
Fricative | Before [1] Before [a]
1 piht his smoke t[’rekotitan centipede
s hisi: I will miss 1t Jisane my old lady
I§ bifyf It stung him bifaf his bear
X Jrzisxi: he killed it brxal his club

As Figures 26 and 27 indicate, the fricatives are for the most part well-differentiated in terms
of their spectral characteristics. The strongest energy for /s/ occurs at frequencies above 4000Hz
for the male speakers and above 6000Hz for the female speakers. The spectrum for /f/ is
characterized by a relatively sharp peak in energy at approximately 3500Hz for the males and
4000Hz for the females. /s/ and /f/ are thus differentiated on the basis of the location of their
strongest energy in the frequency domain: /s/ has more energy at higher frequencies than /f/. /s/
also has a less sharp spectral peak than /f/. /x/ is characterized by a very pronounced peak in
energy below 2000Hz and then more diffuse peaks at about 4000 and 7000Hz. The spectral peak
for A/ falls between that of /x/ and that of /f/ at approximately 2500-3000Hz. In summary, the four
oral fricatives of Western Apache can be distinguished from one another in terms of the location of
their spectral peaks, and, to a less extent, in terms of the degree of sharpness of these spectral
peaks. There is relatively little cross-linguistic data on the acoustic properties of fricatives.
However, Jassem (1968) presents spectra from his speech of three of the four fricatives measured
in Western Apache, /s/, /f/, and /x/. The spectra of Jassem’s fricatives bear close resemblance to
those in Western Apache. /x/ has a sharp peak in energy below 2000Hz, /f/ has an energy peak
slightly higher at 3000-4000Hz, and /s/ has a peak at 4000Hz. Interestingly, Jassem also includes
a spectrum of a dental fricative /s/ which actually bears closer resemblance to the Apache /s/ both in
terms of location of spectral peak and degree of sharpness of the peak than Jassem’s alveolar
fricative /s/. Since Jassem’s study is based on only a single speaker, however, we cannot infer
with any certainty that the Western Apache /s/ is more dental than alveolar.
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4. Vowels

Like Navajo (cf. Hoijer 1945, McDonough & Austin-Garrison 1994), Western Apache has
four phonemic vowel qualities: /i/, /e/, /o/, and /a/, each of which has two phonemic vowel
lengths: short and long. Although the high back vowel [u] surfaces in several Western Apache
words, Greenfeld (1972) demonstrates that {u] is an allophone of the phoneme /o/. /o/ is
pronounced as [u] when preceding the vowel [i]. Long, high tone [0] is pronounced as [w] when
preceded by [t"], [k"], [s], or [j] (de Reuse 1994). The Western Apache vowels appear in Table 7.

Table 7. The vowels of Western Apache.
Short Long

€ 0 €l 0!
a al

In addition, every vowel may be either oral or nasalized and may carry either high tone or low
tone. (Current research by de Reuse and Tuttle (forthcoming) indicates the possible presence of a
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contrastive mid tone as well.) The contrastive use of tone is a common feature of Southern
Athabaskan languages, including Navajo and Western Apache, as well as many Northern
Athabaskan languages. Long vowels in Western Apache may also carry contour tones consisting
of a high tone followed by a low tone or vice versa. Contour tones in Western Apache are fairly
rare, however, and almost exclusively limited to morphologically complex words. The words
analyzed for this paper appear in Table 8. Words illustrating the nasal vowel series were also
recorded, but are not included in the present analysis.

Table 8. Words used to examine the quality, fundamental frequency, and duration
of Western Apache vowels. Entries in parentheses were not pronounced as
expected (see text).

Vowel | Short - Low Tone Short - High Tone

i ik blanket ik’ Korestd to straighten it out

e |Kekowa home, ruins kote’£€ko finally

o |b&f tist’ok arrowhead (s1k’an nast’a:k) | dough

a |[Jjuts’ak he hears him pitsit’ ake: top of his head
Vowel | Long - Low Tone Long - High Tone

i nakonet| i:ki locust na’itt ki gopher

e |[taléit’eko same way tijat’éko" awful

o |tahajit’ ok he pumps water | (najit’ok) he soaks it

a | hartf ak it oozes hakon’ake” corner

The goal of the list of words in Table 8 was to provide each oral vowel of the language in a
minimally contrasting environment: between an ejective stop or glottal stop and the unaspirated
velar stop. To the extent possible, words were chosen in which the vowel appeared as part of the
root morpheme. The two entries in parentheses were not pronounced as expected from the list.
The word selected to exhibit short, high tone /o/ was most typically pronounced with a long vowel,
and the word selected to exhibit long, high tone /o/ was most typically pronounced with low tone.
These items were excluded from the statistical analyses as appropriate. Note also that word final
stops were unreleased, and stem final /k/ varied dialectally with /t/. This latter variation was
present in the words for ‘blanket’, ‘he hears him’, ‘dough’, ‘locust’, ‘he pumps water’, ‘it
oozes’, ‘gopher’, and ‘he soaks it’. Finally, short /e/ is rare in Western Apache and only five
speakers recognized the word for ‘home, ruins’ and only three speakers recognized the word for
‘finally’.

4.1. Vowel duration

Vowel duration was measured from a waveform alongside a spectrogram. The duration of
each vowel included the time from the onset of the first formant of the vowel to the offset of the
first formant. Not surprisingly, phonemic long vowels were found to be significantly longer than
phonemic short vowels (p<.0001). Long vowels averaged 187 ms collapsing all speakers and all
vowel qualities, while short vowels averaged 89 ms. In terms of ratios, long vowels were thus
2.1 times longer than short vowels. This long-to-short ratio is smaller than the one found by
McDonough and Austin-Garrison (1994) in their study of Navajo. They found that long vowels
were 2.8 times as long as short vowels for monolingual speakers and 2.3 times as long as short
vowels for bilingual speakers. (All the Western Apache speakers were bilingual.) Duration ratios
between short and long vowels vary substantially across languages; the Western Apache ratio of
approximately 2:1 falls squarely within the range of cross-linguistic variation (cf. Lehiste 1970 and
Hubbard 1994 for representative values from other languages).
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Figure 28 plots the duration of different vowel qualities, collapsing short and long vowels.
The high vowels were found to be significantly shorter than all other vowel qualities, a familiar
pattern from a number of languages (ctf. Lehiste 1970 for a summary of the data). Neither of the
mid vowels differed significantly from the low vowel in terms of duration, though /e/ was found
to be significantly longer than /o/ (p=.0028).
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Figure 28. Duration of vowels of different qualities.

Vowels were also found to be significantly longer for the female speakers than for the male
speakers (p=.0033). The significance of this result is due to the long vowels, which averaged 208
ms for the female speakers but only 174 ms for the male speakers. Short vowels were virtually
identical in duration for the male and female speakers: 91 ms for the male speakers vs. 86 ms for
the female speakers.

The confinement of the gender dependent length difference to the long vowels plausibly has
similar motivations as the confinement of gender dependent length differences to aspirated and
ejective stops. In both cases, it is the longer phonemic category, aspirated stops and phonemic
long vowels, which displays duration differences as a function of gender. Manipulation of the
length of the shorter category would potentially interfere with the perception of the phonemic
length contrast, by making the shorter category more like the longer category. Lengthening the
longer category, on the other hand, only enhances the percept of the phonemic length contrast.

4.2. Fundamental frequency

Fundamental frequency, the acoustic property defining tone, was measured using narrow band
spectrograms. A measurement was taken from the tenth harmonic at a point with fairly level
fundamental frequency and at approximately the mid point of each vowel. In cases where the tenth
harmonic was not readily discernible, a measurement was taken from a lower harmonic. Measured
values were divided by the number of the harmonic from which the measurement was taken,
yielding a value for the first harmonic, i.e. the fundamental frequency. For male speakers, high
tone vowels averaged 135 Hz, while low tone vowels averaged 118 Hz. For female speakers,
high tone averaged 208 Hz, while low tone averaged 189 Hz.

Vowel quality did not have a statistically significant effect on fundamental frequency. /o/ had a
slightly lower fundamental frequency (141 Hz) than /a/ (148 Hz) which in turn displayed a slightly
lower mean value than /e/ (152 Hz) which in turn had a lower fundamental than /i/ (159 Hz). The
only difference which reached statistical significance was the one between /o/ and /i/ (p=.0254).
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Dividing the tokens according to whether they had high or low tone did not yield any additional
significant results.

4.3. Vowel quality

The first three vowel formants were measured using an LPC analysis calculated over a 30 ms
window using 12 coefficients. An FFT spectrum was also consulted to ensure that the
measurements taken from the LPC were accurate. A spectrogram provided further corroboration
of the accuracy of the LPC measures.

The first two formants from all tokens produced by the female speakers are plotted in Figure
29. Formant values for the male speakers are plotted in Figure 30. Ellipses encircle all points
falling within two standard deviations of the mean, which is plotted as a large vowel in the middle
of the ellipse. Formant values for each of the individual speakers appear in Table 8.

There is very little difference in the general form of the plots of the females’ vowels and those
of the males. The most salient difference between the two genders appears to be the location of
long /ii/ relative to short /i/ in the vowel space. For the male speakers, long /it/ is both much higher
and much fronter than /i/. For the female speakers, the primary difference between /i/ and /i// lies in
the front-back dimension, with /ii/ having a fronter articulation than /i/. There is a tendency for /iv/
to be slightly higher than /i/ for the female speakers, though this difference is much less striking
than for the male speakers.

For the male speakers /i/ is much higher than the long back vowels /o/ and /oi/. This
difference is less apparent for the female speakers. For these speakers the difference between short
/i/ and its short back counterpart /o/ is substantial, and in fact more salient than the corresponding
difference for the male speakers. Whereas /o/ has first formant values approximately midway
between those of /i/ and those of /e/ for the male speakers, /o/ has similar first formant values to /e/
for the female speakers.

In many languages with small vowel inventories, the high back vowel is not as high as the high
front vowel. This is the case in Navajo (McDonough et al. 1993), which has a four vowel system
/i, e, a, o/. Similarly Hupa (Golla 1970), another Athabaskan language, also lacks a high back
vowel at least in its underlying phoneme inventory. In other language families the same situation is
found. Banawd, an Arawakan language, spoken by about 75 speakers in northern Brazil
(Ladefoged, Ladefoged and Everett 1997) has a four vowel system /i, e, a, o/, with qualities that
are very similar to those of Apache. Wari’ (Arawakan) has four vowels /i, e, a, o/ plus two front
rounded vowels /y,@/, but no high back vowel (MacEachern, Kern and Ladefoged 1997).

There are differences between the long and short vowels. The long back vowel /oi/ is backer
and higher than its short counterpart /o/ for both female and male speakers, and the long low vowel
/ai/ is slightly lower and backer than its short counterpart /a/. Comparison of short and long
vowels thus indicates a general trend for the long vowels to be more peripheral in the vowel space
than the short vowels. This is not the case, however, for the front mid vowel pair /e/ and /e:/. For
most speakers, these vowels do not differ from one another in either front/back or height
dimensions, as evidenced by the extensive overlap between their two ellipses and the close
proximity of their means. Only two speakers (F3 and M2) do not display substantial overlap of
short and long /e/ as shown in Table 9. For both of these speakers, short /e/ is backer than long
/ei/, as reflected in the lower F2 values for /e/. First formant values for /e/ and /ey/ are virtually
identical, however, suggesting that they do not differ in terms of tongue height.
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Table 9. Mean values for the first three formants for five male and three female
Western Apache speakers.

Spk Short Long Spk Short Long
F1 F2 F3 F1 F2 F3 F1 F2 F3 F1 F2 F3

F1 M2

i 463 1954 2812 |413 2683 3367 |j 468 1573 2412 1362 2046 2440
e 536 2298 3183|551 2353 2853 |e 518 1596 2114 | 532 1718 2281
a 858 1536 3041|913 1380 3078 [ g 582 1330 2091 (674 1156 2302
0 556 1076 3168 |436 821 3367 | o 486 908 2201 [468 940 2192
F2 M3

i 426 1959 2788 [408 2628 3087 |j 376 1844 2284 {316 1972 2289
e -—-- -—- -—- 559 2192 3013 (e - R E et 486 1720 2133
a 669 1715 2926 {819 1394 2807 {4 614 1435 2729 1624 1330 2367
0 541 1339 2532 (422 908 2954 | o 523 1009 2183 | 431 885 2174
F3 M4

i 431 2078 2903 [353 2550 3335 |j 444 1779 2436 1339 2092 2399
e 579 2003 2682|573 2247 2752 |e ———- ———— - 495 1711 2426
a 715 1583 2908 | 747 1371 3142 | g 633 1348 2348 | 660 1105 2403
0 541 1220 2816 1500 991 3027 | o 495 1100 2238 |385 945 2371
M1 M5

i 458 1917 2550 (339 2256 2518 |j 445 1633 2417 {339 2060 2578
e 523 1835 2385|532 1816 2473 |e 523 1844 2366 | 514 1807 2376
a 601 1380 2509 (679 1165 2619 | g 651 1367 2477 | 711 1229 2573
0 431 1110 2431 1413 935 2587 | o 468 1257 2357 {436 917 2509

6. Summary

In this paper, we have described several phonetic properties of Western Apache. The principal
findings are as follows. For consonants, VOT was longer for aspirated stops than for unaspirated
stops, whereas closure duration was longer for unaspirated stops than for aspirated stops. The
ejectives had VOT and closure duration values intermediate between those of the aspirated and
unaspirated stops. Place of articulation was also shown to affect both VOT and closure duration.
VOT was longest for the velar stops, followed by the alveolars, followed in turn, by the bilabials.
Conversely, closure duration was shortest for the velars, longer for the alveolars, and marginally
still longer for the bilabials. There is some phonetic evidence for a four way manner contrast in the
stop series between voiced, voiceless unaspirated, voiceless aspirated, and ejective stops, though
voiced stops have a limited distribution relative to the other three categories. The four oral
fricatives of Western Apache are well-differentiated in terms of the location of their spectral peaks
in the frequency domain and their sharpness. /s/ has the greatest energy at frequencies above
4000Hz for the males and above 6000Hz for the females. /f/ has a relatively sharp spectral peak at
3500Hz for the males 4000Hz for the females. /x/ has the most pronounced peak and the peak at
the lowest frequency, about 1500Hz. A/ has a slightly flatter peak at frequencies intermediate
between the peaks for /x/ and /f/.

Concerning the vowels, long vowels tend to be slightly more peripheral than their short
counterparts, except for the /e, e/ pair which differed substantially in the first and second formant
dimensions for only two speakers. As in other languages with small vowel inventories, the
highest back vowel was more like [0] than [u]. Finally, female speakers differed from male
speakers in having longer VOTs, closures, and vowel durations.
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Unaspirated coronal stops in Jicarilla Apache
Siri G. Tuttle
stuttle@ucla.edu

1. Introduction

This paper looks at the acoustic phonetics of the consonants in Jicarilla Apache that are
spelled in the practical orthography with d. In this Athabaskan language of the Eastern
Apachean group, spoken in Northern New Mexico, sounds spelled d come from two sources:
proto-Athabaskan *[n] and *[t].  This paper addresses the question: is there any phonetic
difference between an alveolar stop that used to be a nasal, [n], and an alveolar stop that was
always a stop?

In comparative Athabaskan analyses, the laryngeal distinctions for obstruents are held to
include unaspirated vs. aspirated vs. glottalized; there is not normally a voiced member in the set.
Thus, plain [t] and glottalized [t’] are the coronals expected in Jicarilla from the old stop series.
The phone descended from aspirated [*t ] is no longer an alveolar, but a velar stop in the modemn
language (except in a few words in which [t"]varies with [tf"] and the aspiration appears to act as
an intensifier, as m Navajo cognates). In the velar place of articulation, plain [k], glottalized [k’]
and aspirated [k ] are expected. There are no labial stops reconstructed for proto-Athabaskan.
However, both labial and alveolar proto-sonorants may also occur as stops in Jicarilla.

Tables (1) and (2) show the proto-Athabaskan inventory of stops and sonorants at the
labial, alveolar and velar places of articulation, and the Jicarilla stops and sonorants at the
corresponding places. Throughout this paper, phonetic symbols are enclosed in square brackets:
spelling symbols are presented in boldface. The two representations are paired in the charts for
reference. The spelling symbols in the proto-Athabaskan chart follow Krauss and Leer (1981:

190).

Table 1. Labial, alveolar and velar stops and sonorants in proto-Athabaskan

Labial Alveolar Velar
Oral stops: unaspirated [t] d | [k] G
Oral stops: aspirated [t k" q
Oral stops: glottalized [t'] t” | [k’] '
Nasal sonorants [n] n
Other sonorants [w]
Table 2. Labial, alveolar and velar stops and sonorants in Jicarilla Apache

Labial Alveolar Velar
Oral stops: unaspirated | [p] [t] d | k] g

| "d], [d] d

Oral stops: aspirated k"] k
Oral stops: glottalized [t'] t' | [k’] K
Nasal sonorants [m] [n] n
Other sonorants [w]

39




The claim of this paper is that both ["d] and [d], which show up in Table 2 as a second
line in the “unaspirated oral stops” category, occur in modern Jicarilla as reflexes of *n in stem-
initial position. Notice that not all the proto-Athabaskan *[n]s end up as Jicarilla [t],(d). This
change occurs only in stem-initial position, and more particularly, in head-stem position.

Hoijer (1945) distinguishes between the [t] < [*t] and the [t]<*[n] in Jicarilla by writing
[t]<*[t] as d and [t]<*[n] as "d : thus he spells Jicarilla -"d4" eye’, in contrast with Navajo -na’
and Kiowa-Apache -da "> (see Table 3).

Table 3. Hoijer vs. the Spelling System

Hoijer 1938, 1945 | Pedagogical materials

'my eye' shi"d4 shiddd

'my lips' shida shidaa

It is not clear from the presentation in Hoijer (1945) whether he means for the Jicarilla "d
(shared by San Carlos, Chiricahua, Mescalero and Lipan in this analysis) to be taken as a
phonetic descriptor. If it were to be so interpreted, a voiceless, unaspirated, prenasalized stop
would be expected invariantly in these words. What seems more likely, however, is that Hoijer
is notating "d, [t]<*[n], as a phoneme which is phonetically similar to his d but non-identical,
the phonetic realization of which may vary, but which may include a prenasalized, unaspirated
alveolar stop.  In short, Hoijer’s "d is a notation for a variable phone which he considered
phonologically distinct from the phone he spelled d. Hoijer's representation, therefore, suggests
that there was a phonetic distinction of some sort between the stops descended from *[n] and
those descended from *[t] in the Jicarilla he heard in the late 1930s, but he does not make clear
what this phonetic distinction is.

Pedagogical materials prepared for language and literacy education at Dulce, New Mexico
(Phone et al.1981; Vicenti et al. 1981) use only d in their writing systems to represent both
stops. These representations suggest that some further degree of merger may have occurred
between the two phonemes Hoijer recognized; or at least, that the phonetic representation of d
has converged to the point that educators do not find it necessary to write the historically
different obstruents with different symbols.  This representation is not inconsistent with
Hoijer’s notation, since there seem to be no words which must be distinguished from one another
solely by a difference between his "d and d; it simply collapses what may be a redundant
distinction in the alphabet. It does suggest, however, that any phonetic difference between
orthographic d and d is not worth listening for, and may not be even perceptible.

However, teachers of Jicarilla (Torivio, Sandoval, p.c.) report that they recognize a
difference between two sets of words which are spelled with d. Torivio and Sandoval identify
the difference as one of voicing. This fact suggests that the spelling system may have been
developed under the influence of the Navajo writing system, which properly represents for
Navajo only one unaspirated alveolar stop, with only one historical source.

So the phonetic status of unaspirated alveolar stops, both written with the symbol d, is
not completely clear. Whatever differences exist may be quite subtle, if they still exist at all.
However, it would be desirable to clarify the status of the two orthographic ds: if they were
phonetically distinct half a century ago, are they still distinct? If they are not distinct, what is
the nature of their acoustic expression?
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2. Why is this question interesting?

In the Athabaskan language family, voicing in stops has always been considered
nondistinctive: the salient distinctions are between unaspirated, aspirated and glottalized stops.
But not all Athabaskan stops have the same history. The stops and affricates at the alveolar
place of articulation in Apachean are historically stops and affricates. However, the (usually)
single stop at the labial place of articulation is historically a sonorant, *w as reconstructed by
Krauss and Leer (1981).

Throughout the Athabaskan language family, reflexes of *w and *n may vary according
to their morphological position. In stem-initial position, recognized by Hoijer (1938, 76) and
Krauss and Leer (1981:7 ) as the position which tends to cause sonorants to strengthen the most,
*w frequently developed into unaspirated [p] (spelled b in the conventional orthography) unless
it is followed by a nasal segment, in which case it may develop into [m]. In some languages
(Krauss and Leer (1981:6) list Tanacross, Northern Tutchone (Selkirk dialect), Southern
Tutchone, Tagish, Slavey, and Dogrib) the stem-initial stren%them'ng process did not proceed so
far, and a nasalized stop, written variously as mb, "b or m’ , is found; in others (Holikachuk,
Lower Koyukon, Upper Kuskokwim, Northern Tutchone (Mayo dialect), Sarcee, Hupa,
Tolowa/Tututni/Chasta Costa, Umpqua) the historic approximant only becomes a sonorant
consonant, resulting in [m], m.  Within the same set of languages, parallel development occurred
in the alveolars, so d can represent a reflex of either *d or *n; but n, nd, "d or n’ may only
represent a reflex of *[n]. (Note, however, that a sequence spelled nd may also represent a series
of morphemes. The examples dealt with in this paper only involve single phones.)

While the process of "obstruentization" of stem-initial sonorants is parallel for labials and
alveolars, the resulting consonant inventories are not. This is because sonorants and obstruents
in the Athabaskan languages have different patterns of featural contrast. Sonorants may contrast
in place of articulation and in nasality, but while they can occur in voiceless versions in some of
the languages (Tuttle1998), their system of contrasts really has nothing to do with distinctions in
voice onset time, which are the acoustic correlates of distinctions in voicing. Sonorants are
generally expected to turn out voiced; voiceless sonorants are rare.

In Jicarilla obstruents a basic distinction in voice onset time exists between voiceless
unaspirated and aspirated consonants. Like the sonorants, however, the obstruents are not
usually distinguished by voicing per se, even though a phonetic voiced variant may be heard in
certain contexts. Obstruents, unlike sonorants, will be expected to turn out voiceless except in
very particular situations.

In other Athabaskan languages, stops descended from sonorants participate differently in
the phonology from stops descended from stops. For example: in Slave, a northern Athabaskan
language (Rice 1993), [t]<*[n] behaves differently from [t]<*[t], and [p]<*[w] behaves
analogously to the alveolar ex-sonorant. Specifically, nasal forms of the stops occur in non-head
positions in compounds: Rice cites the examples reproduced in (1):

(1) Slave examples of oral-nasal alternation (Rice 1993:323)
a) Alternating d

se-dd ‘my eye’ (rough phonetics: [se.td]?)
1sPoss-‘eye’ ’
na-td ‘tears’  (rough phonetics: [na. tPu])

‘eye’ + ‘water’
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b) Non-alternating d

se-da ‘my chin’ (rough phonetics: [s€.ta])
IsPoss-‘eye’
da-yd ‘beard”  (rough phonetics: [ta.yd])
‘chin’ + ‘hair’

This alternation has proved difficult to describe without referring to the historical identity
of phones when a word like Slave -dd, ‘eye’ is written with the conventional Athabaskanist d,
and -da, ’chin’ is written with the same letter. Rice (1993) proposes that the Slave reflex of
*[n] is marked by a particular kind of voicing called “sonorant voice” (it is, thus, underlyingly
voiced in contrast to [t]<*[t]). In effect she adds this phone to the inventory, as Hoijer did with
his Jicarilla "d.

Jicarilla shows the same pattern in compounds that Slave does, as shown in (2):

2) Jicarilla examples of oral-nasal alternation

a) Alternating d

shi-ddd ‘my eye’ ([§z.da:])
IsPoss-‘eye’
na-kéh ‘tears’  ([na-k"ch])

‘eye’ + ‘water’

b) Non-alternating d

shi-daa ‘my lips’ ([§z.ta:])
1sPoss-‘lips’
-da-ghaa ‘beard”  ([ta.ya:])
‘lips’ + ‘hair’

This paper will show that modern Jicarilla has plenty of evidence for a distinction
between stops derived from sonorants and other stops, and that for the data set analyzed here,
voicing is precisely the phonetic marker most saliently dividing the two groups. This means that
it is not necessary to refer to the historical status of these sounds in discussing modern
phonology: they always were distinct, and have not lost their distinctiveness, though it has
shifted from a sonorant-obstruent distinction to a distinction signaled by voice onset time.

3. Methods

1. Four speakers: Jonathon Wells (70), Jackson Velarde (60), Patricia Torivio (60) and Merton
Sandoval (45) wished to be identified as the speakers of this endangered language who were
recorded for this investigation of alveolar stops.

2. A word list was created. Table 4 below shows a transcription of the prevalent version or
versions of the word as heard during the recording session, gloss, historical form of the
consonant of interest, and morphological/phonological position for the consonant of interest.
The third person singular possessive is used in many cases to provide an intervocalic
environment for the consonant of interest; this morpheme varies in realization from [p1] to
["bi] [bi] to [mi], and is arbitrarily transcribed with the nasal version in the appendix to
identify the morpheme.

3. The four * [n]-words are contrasted here with six *[t] examples, seven examples of *[th], six
examples of *[kh], six examples of stem-initial *[w], and three examples of intensifier-
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aspiration. Because of the particular environment in which the obstruentized [n] has
developed, it is not available in word-initial position, so all examples are intervocalic. "SIM"
in the appendix stands for "stem-initial, medial".

4. Consonants were analyzed for VOT, closure and presence of nasality during closure.

Table 4. Wordlist for Jicarilla coronal stops (SIM = "Stem-initial, phonologically medial"
Cas | Spelling |Transcription Gloss Original Position
e Consonant
1 midee mite: its horn [t] SIM
2 midi} mrtrd his, her, its blood [t] SIM
3 miiddan | mitan his, her food [t] SIM
4 sida sitah he, she sits [t] SIM
5 midibé mitipe?é: his, her sheep [t] SIM
6 midaa mita: his, her lips/beak [t] SIM
7 | dikd tik"3h it’s thick [th] SIM
8 | mikd mik"4:2 | his, her forehead [ SIM
9 | mika’éé | mik"d2é: | his, her father [th] SIM
10 | mikéh’éé | mik"6?é: | his, her,its water [t SIM
11 | nkeel nkPe:t it’s wide [t SIM
12 siki sik™ person is lying down [th1 SIM
13 | sikd sik"d sticklike object is there [t SIM
14 | midadéé | midadé: his, her older sister [n] SIM,
SFM
15 | hidaa hida: alive [n]. SIM
hiBta;
16 | middd midd: his, her eyes : [n] SIM
miPtd:
17 | mii’idaa | mi?ida: his, her enemy [n] SIM
mida:
mi?ta:
18 | didé tidéh man, person [n] SIM
titéh
19 | miké mik™é his, her shoes k] SIM
20 | mikih mik"ih his, her house [k SIM
21 | miko mik"5h | his, her fire (kN | SIM
22 dasiikaa | tasika: they are spread out, e.g. bushes | [ kh] SIM
23 | siké sik"é they sit, two people Sl SIM
24 | miidké’ | mimiké its trail, tracks fkhl SIM
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25 | miibaas | mipa:si his, her wagon [w] SIM
mipa:zi

26 | dasibaal | tasipad awning or curtains hang [w] SIM

27 | miibezhii | mipézi his, her knife [w] SIM

28 | naabaas | na:pa:s it is rolling around (a car) [w] SIM

29 sibésh fipéf it is boiled [w] SIM

30 | naabéh na:bé¢h he or she is bathing [w] SIM

31 | ntoh nt"ch he or she is pouting [t] + INT | SIM
nt{"5h

32 | ntoo’é nt"&:2¢: it’s no good, a bad one [t] + INT | SIM
nt{"6:2¢:

33 | nlté nit"s it stinks [t] + INT |SIM
nit{"s

As can be seen from this list, the elusive phone descended from stem-initial *n is hard to
capture even in a wordlist: certain verbs use [n] even in stem-initial position, and so had to be
discarded. The four solid [n]-words are contrasted here with six *[t] examples, seven examples of
*[th], six examples of *[kh], six examples of stem-initial *[w], and three examples of intensifier-
aspiration. Because of the particular environment in which the obstruentized [n] has developed,
it is not available in word-initial position, so all examples are intervocalic.

4. Results

The results of this study show two things. Firstly, it is very clear from acoustic
measurement, as from observation of consonant shapes, that the reflex of *[n] in Jicarilla Apache
is clearly distinguishable and distinguished from the reflex of *[t]. Secondly, there appear to be
differences in realization of the *[n] phone both within and between speakers.

4.1 Qualitative comparison: No merger here

Figure 1 shows a spectrogram of a word containing the prevalent realization of *[n],
which is a voiced [d] (as reported, it should be remembered, by the language teachers above) , and
Figure 2 shows a comparable example of a word containing [t].
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Figure 2. [brta:], ‘his or her lips’

Notice in Figure 2 that the closure of the [t] is completely voiceless, as opposed to the voiced
closure of the [d] seen in Figure 1. Following the burst of the [t], there is also a very tiny
amount of aspiration — less than 10 milliseconds.

Figure 3 provides a comparison with a truly aspirated consonant, [k", in the same
phonological environment:

[ A

B0

r

Figure 3. [tik"a:], ‘it’s thick’

Comparison of Figure 2 with Figure 3 shows that the [t] phoneme cannot be considered
aspirated by Apachean standards (see McDonough and Ladefoged 1993 for comparison with
Navajo stops, and Potter et al (2000) for comparison with Western Apache). However, [t] is
different again in voice onset time from stem-initial [p] , as shown in Figure 4:
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Figure 4. [bipa:si], *his or her wagon’

The labial in stem-initial position is a completely unaspirated voiceless stop, the realization of
which is distinct from the voiced and varying labial in the prefixes seen in these four examples.

Thus, [d] and [t] are quite distinct from one another in the prevalent pattern in this data
set, with [d] being voiced and [t] voiceless and slightly aspirated. Their patterns of voice onset
time are also distinct from those of phones at other places of articulation; stem-initial [t] is more
aspirated than stem-initial [p], but nowhere close to the truly aspirated [kh].

4.2 Quantitative analysis: No merger here either

An analysis of variance, taking all tokens from all speakers together, shows a significant
difference in voice onset time between the phone descended from *[n] and that descended from
*[t], with the first showing voiced closure overall, and the second showing no voicing, but a tiny
amount of aspiration instead.

Figure 5 shows the quantitative effect of historical identity:

0

s

*[n] > [d] *[t] > [t]
Figure 5. Effect of historical identity, *[n] (now [d]) vs. *[t] (always [t])

Based on this analysis, it would seem to make most sense to designate the Jicarilla reflex
of stem-initial *[n] as voiced [d], in contrast to the unaspirated to slightly aspirated [t]. The
difference is significant at p <.0001.
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4.3  Intra- and interspeaker variation

The overall significance of the VOT distinction cannot be allowed to obscure another very
interesting finding. Both within the production of individual speakers, and across the speakers,
there is variation in the production of the segment we are now calling /d/.

The most prevalent variant, as discussed in section 4.2, is the voiced stop. However,
there are also two different prenasalized stop variants, one voiceless and one voiced. Figures 6
and 7 show a comparison of waveforms of two performances of the same word by the same
speaker: JV gives one token of the word for ‘his or her eyes’ with a voiceless prenasalized stop,
and one with a voiced prenasalized stop.

—*nw,’ J’ / A M»«.Mj I

b 1 n t a ]

Figure 6. "His or her eyes’ (Token 1, JV)

——M}k’ / M W‘\f Al

[b I nod a ]

Figure 7. ['His or her eyes’ (Token 2, JV)

The difference between these two performances is that the first has a very short period of
voiceless closure, while in the second, the nasal stretch following the first vowel slides right into
the stem-initial stop and serves as its closure.

Compare these tokens with a voiced stop in MS’s production, in which the same word
shows up with a voiced consonant with no trace of nasality, as shown in Figure 8.
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Figure 8. The same word as in figure 6 and 7, produced by speaker PT)

This difference is hard to see in the waveform, and in fact it is not easy to hear, either. The nasal
portions of JV’s prenasal stops are very quiet, and the voicing in PT’s /d/ is very loud for voicing
(perhaps this loud voicing is a step between a prenasalized and a more ordinary voiced stop).
However, the difference between any of these productions and the voiceless, non-nasal [t] is easy
both to see and hear. For comparison, look at MS’s plain stop in ‘lips’ (Figure 9):

—y —
. 1
oy eviep Spploeed y -

[ b 1 t i ]

Figure 9. ‘his, her lips” (MS)
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Overall, about 25 percent of the performances of *n-words have a prenasalized stop in the
. output. This is shown in Figure 10.

Fealization of *[n] for all speakers

3o

10 7

Prenasalized Woiced

Figure 10. Realization of *[n] reflex for all speakers

The distribution of prenasalized vs. voiced tokens for *[n] is different for each speaker.
Figure 11 shows the different percentages of prenasalized stops for each speaker: JV having the
largest percentage, and PT, with O percent, having the smallest percentage of prenasalized stops.

70 1 1 " s

60 7
50 1

JV JW MS PT

Figure 11. Percentage of prenasalized tokens of *[n], by speaker

This variety in production does not seem to correlate either with age or with dialect in the
present data set, as shown in Table 5:
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Table 5: Speaker information and percentage of prenasalized stops
Speaker | Age Dialect reported Percentage of
prenasalized stops
JW 70 Lajara / Cordoba Canyon 10%
I\ 60 Alawona / Horse Lake 90%
PT 60 Burns Canyon 0%
MS 45 Alawona / Horse Lake 10%

The youngest and oldest speakers have the same percentage of prenasalized stops in this
data set; the youngest speaker shares a dialect with JV, who does the most prenasalizing; and JV
shares an age with PT, who does no prenasalizing at all. So it is not clear from this data set
whether or not there is a pattern to the variation in speakers’ production of the reflex of *[n].
While further research may discover such a pattern, it may also be the case that these realizations
are in free variation.

4.4 Summary

To summarize: the production data gathered in this data set show clearly that *[n] and
*[t] are different in modern Jicarilla Apache, confirming the impressions of Hoijer (1938) and of
the Jicarilla language teachers. Predominantly, voicing makes the difference between the two
phones, with an analysis of variance significant at p<.0001.

However, both speakers and performances differ in their realization of the *[n] phone,
with a prenasalized variant showing up about one quarter of the time in this data set. One
speaker is responsible for most of these tokens. However, it is not clear that age or dialect can be
shown to be responsible for this speaker-to-speaker variation.

5. Coda 1: Perception favors VOT

As part of this investigation of *[n] and *[t], a small perception experiment was
attempted to pair with the production data. Because of field conditions and speaker
preferences, this experiment was not carried out in a very controlled fashion, and for this reason,
the results will be reported only informally. However, it may be of interest to know how this
experiment was structured.

One of the difficulties in creating data sets for Athabaskan languages, generally, is the
nearly complete absence of minimal pairs. The acute reader will have observed above that while
there is a pair [brta:] ’lips’ vs. [bidd:] ’eyes’, it is not a minimal pair because the two words
differ in tone as well as in their stem-initial consonant. Other near-pairs turn up as well, but end
up not being usable because of vowel length or other minor differences.

For this reason, a set of manipulated recordings was created for this investigation based
on a single naturally recorded word, a production of [bita:] "lips” . In two tokens, this recording
was presented as it was: in two, the closure was replaced by voiced closure; in two, the closure
was doubled in length; in two, 40ms of aspirated noise was inserted; and in two, the consonant
was replaced with an aspirated [k"]. Speakers listened to these tokens on a laptop computer and
gave judgments as to whether they thought the word sounded more like ‘lips’ (with a [t]) or
‘eyes’ (with a d or "t/d).

50



As noted above, the conditions were not right on this first attempt for a controlled
measurement of judgments, and in fact most of the responses were all over the map. However,
for all speakers and for all tokens, the tokens with voiced closure were identified as having the
right consonant for ‘eyes’ (a correct response).  This suggests that the voicing difference which
the teachers first reported, and which shows up so clearly in overall statistics, is salient to
speakers in this distinction.

It is also worth noting that these speakers were quite willing to attempt the listening task,
and refinements of such materials would probably product more interesting results.

6. Coda 2: Why are these two sounds spelled the same?

Given the findings reported above, it might occur to the reader to wonder why the
designers of the Jicarilla spelling system, or anyone else, would confuse the two phones we are
writing here as [d] and [t]. , '

It is not actually that hard to do. In the initial stages of research for this paper, a set of
*[n]-*[t] contrasts were recorded using a head-mounted, noise-canceling microphone, and
analyzed using PCQuirer software. In this set, voicing is not visible in spectrograms and is
barely observable in waveforms. The more complete data set on which the present findings are
based was recorded using a lapel microphone and with the input level set higher, and in this set,
voicing is clearly visible in the same words. It is not obvious whether the difference is due to
recording conditions or to speaker variation; either way, it is clear that it is possible to hear and
record a [d] which is extremely weakly voiced. Figures 15 (the preliminary data) and 16 (the best
data so far) contrast waveforms of the same word, spoken by the same speaker (PT) in the two
different sessions.
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Figure 12. PT’s first—session recording of [?ida:] ‘enemy’ (a [d]-word)
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Figure 13. PT’s second-session recording of [?ida:] ‘enemy’

The data from the first session showed significant differences between the [t]-words and
the [d]-words, but these differences were limited to the tiny distinction in aspiration (significant
at p<.01) and a significant difference in closure duration (p<.0001). Because most of the tokens
of [d] were not clearly voiced compared to tokens of [t], this session’s output looks much more
like a near-merger than the output of the second session. Given the intraspeaker and
interspeaker variation observed above, and this example of within speaker variation under very
similar recording conditions, it seems quite likely that non-Jicarilla listeners not using high-
powered equipment could conclude that a merger of [t] and [d] is in the process of taking place.

However, because of the greater completeness (more words) and improved recording
conditions (more amplitude) of the second session, we have chosen to report the salient voicing
distinction in the present paper.

7. Conclusion

To conclude: the results of this investigation into the reflexes of *[n] and *[t] are clear:
there is still a phonetic distinction between these phones, which reflects a phonological difference
recognized by speakers. This is in spite of the fact that there are no true minimal pairs
distinguished only by this difference.

The phonetic difference is predominantly one of voicing: *[n] shows up as [d] most of
the time. However, there is a prenasalized variant of [d], which may or may not have voiced
closure, and which three of the four speakers produced even in this short data set.  The
distribution of prenasalized ["t] ~ ["d] does not appear to correlate nearly with age of speakers or
with dialect, but with a larger sample perhaps some pattern could be discovered.
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An Acoustic and Aerodynamic Study of Consonants in Cheju’

Taehong Cho, Sun-Ah Jun & Peter Ladefoged

Acoustic and aerodynamic characteristics of Cheju consonants were examined with the focus on the well-
known three-way distinction among stops (i.e., lenis, fortis, aspirated) and the two-way distinction
between s and s*. Acoustic parameters examined for the stops included VOT, relative stop burst energy,
fO at the vowel onset, H1-H2, and HI1-F2 at the vowel onset. For the fricatives s and s*, acoustic
parameters were fricative duration, fO, centroid of the fricative noise, RMS energy of the frication, H1-H2
and H1-F2 at the onset of the following vowel. In investigating aerodynamics, intraoral pressure and oral
flow were included for the bilabial stops. Results indicate that, although Cheju and Korean are not
mutually intelligible, acoustic and aerodynamic properties of Cheju consonants are very similar in every
respect to those of the standard Korean. Among other findings there are three crucial points worth
recapitulating. First, stops are systematically differentiated by the voice quality of the following vowel.
Second, stops are also differentiated by aerodynamic mechanisms. The aspirated and fortis stops are
similar in supralaryngeal articulation, but employ a different relation between intraoral pressure and flow.
Finally, our study suggests that the fricative s is better categorized as ‘lenis’ than as ‘aspirated’ in terms of

its phonetic realization.

1. Introduction

Cheju is spoken on Cheju Island, which is located about 100 km south of the Korean Peninsula,
and 160 km west of Japan. The island is 73 km from east to west, 41 km from north to south in
the space of an oval, with a total area of 1,845 km”. Politically, Cheju Island is an integral part of
South Korea, one of the eight provinces of the country. It differs from the other provinces in its
tropical weather and plants, which attract many tourists. The population of Cheju has been
increased rapidly in past decades due to the migration from the mainland Korea. As of 1997, there
were approximately 540,000 people in Cheju Island. Due to the high level of education and the
influence of mass media, it is not easy to find a pure native speaker of Cheju. Cheju is spoken
more commonly in the inland, rural, areas.

Cheju can be considered to be simply a dialect of Korean. It shares the same
morphosyntactic structure and the same writing system as other dialects of Korean. It is, however,
not mutually intelligible with the rest of Korean, and might be considered to be a separate
language. However, in this paper, we will take no stand on this issue. Instead, we will simply
compare the consonants of Cheju, whenever necessary, with those of the standard Korean spoken
in Seoul, which we will refer to as Korean in this paper.

This paper is based on recordings of eight male speakers of Cheju. Three speakers (S1-S3)
were recorded in Cheju city, aged 55, 61 and 68, and the other five speakers (S4-S8) were
recorded in the more mountainous area of southern Cheju (Namcheju-kun), in two villages:
Shinrye-ri and Uikwi-ri. The five men in this region were between 66 and 74 years old. All the
speakers understood Korean, were literate, and above average in their socioeconomic status. We

" This paper is to appear in Korean Journal of Speech Science, vol. 7.
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also recorded eight female speakers, three in Cheju city (aged 62, 66 and 75) and five in the rural
area (aged between 68 and 78). Data from these speakers will be considered in a later paper.

Each of the speakers was recorded using a close-talking, noise-canceling Shure
microphone and a Sony DAT recorder. The recordings were made in the home of one of the
speaker’s, or in a quiet part of the village community center. The word list consisted of 80 Cheju
words, each of which was written on an index card in Korean orthography reflecting the sounds of
Cheju as close as possible. To help speakers produce each word more naturally, a word triggering
the context was written next to the target word on the index card. For example, a word for ‘baby’
was written for the target word ‘to give a birth’; a word for ‘ground’ was written for the target
word ‘to dig’. Speakers produced each word twice after being prompted by one of the authors, S-
A. Jun, or by a Cheju-native linguist (see Acknowledgements). The word list was rehearsed with

each speaker before the recording was made.
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Figure 1. The location of Cheju Island.
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2. Cheju obstruents

A great amount of work has examined the acoustic and articulatory properties of Korean
consonants, especially the typologically unusual system of Korean stops. Cheju is like Korean
with respect to its stop system. Both Cheju and Korean stops occur at three places of articulation,
bilabial, denti-alveolar, and velar. At each place of articulation, stops fall into three different
categories, often called lenis, fortis and aspirated. The lenis stops have been described as lax and
slightly aspirated, the fortis stops as tense and unaspirated, and the aspirated stops as being
strongly aspirated. Along with the stops, both Cheju and Korean distinguish post-alveolar
affricates with a similar three-way distinction, lenis, fortis and aspirated. In addition, there is a
two-way distinction in denti-alveolar fricatives: plain vs. fortis. The plain s is sometimes
categorized as lenis, and sometimes as aspirated. In this paper, we will refer to this s as a ‘plain’ s
in order to avoid any unnecessary confusion brought about by the terminology, lenis vs. aspirated.
Table 1 shows all the Cheju and Korean obstruents. In this table, s is categorized as lenis for the
sake of simplicity. The diacritic ‘*’ is used to mark fortis obstruents in this paper. Table 2 gives
minimal triplets (or, in the case of the denti-alveolar fricatives, a minimal pair) for the Korean
sounds. We were not able to find equally minimal contrasts for Cheju, but all these oppositions
exist, as will be demonstrated below.

Table 1. Obstruents in Cheju and Korean: lenis, fortis, and/or aspirated distinctions

lenis series p t tf k S
fortis series p* t* tf* k* s*

aspirated series  pP ¢ k"

Table 2. Minimal contrasts for Korean obstruents in word-initial position

Lenis Fortis Aspirated

pan ‘room’ p*an ‘bread’ p“an ‘bang’

tal ‘moon’ t*al ‘daughter’ thal ‘mask’
tfata ‘to sleep’ tf*ata  ‘to squeeze’ tfhata ‘to kick’
kata ‘to fold up’ k*zta  ‘to break’ k'zta ‘to dig up’
sata ‘to buy’ s*ata ‘to wrap’ — —
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3. Previous investigations of Korean obstruents

In this section, we will review acoustic and articulartory properties of Korean obstruents, focusing
on stops and fricatives. Acoustic and articulatory properties of the three way manner distinctions
in the affricates are similar to those of stops, except that affricates have a frication component after

stop closure.

3.1 Stops

In most of the world’s languages, the voicing feature for syllable-initial stops can be specified quite
well in terms of the three categories, voiced, voiceless unaspirated and aspirated (e.g., Lisker and
Abramson 1964; Klatt 1975). However, Korean does not have a voicing distinction among stops
phonologically, though it does phonetically in a word-medial position. They are all voiceless.
Nevertheless, there are consistent three-way differences in VOT among the three stop categories.
The fortis stops are unaspirated, the lenis stops moderately aspirated, and the aspirated stops are
strongly aspirated (Abberton 1972; Lisker and Abramson 1964, inter alia). However, other
acoustic and physiological studies have suggested that VOT alone does not fully account for the
observed three-way phonemic distinction of Korean stops (C. Kim 1965, 1970, Han and
Weitzman 1970, Hardcastle 1973, Hirose et al. 1974; M. Kim 1994, Y. Kim 1995, Han 1996,
Cho 1996).

As VOT is not the only distinguishing feature of the manner distinction of Korean stops,
some phonologists and phoneticians have proposed different ways of identifying these stops in
initial position. Han and Weiztman (1970) noted that, in addition to the differences observed in
VOT among these stops, different acoustic features can be observed in the onset phase of voicing
following the stop release. They reported that the onset value of fundamental frequency and the
intensity characteristics of the initial phase of voicing also contribute to the manner distinction. In
general, fO after aspirated or fortis stops is relatively higher than after lenis stops. Similar results
were found by Hardcastle (1973), Kagaya (1974), M. Kim (1994) and Cho (1996). These studies
indicate that fO contrasts serve as a suplementary cue to distinguish lenis stops from fortis and
aspirated stops, but not necessarily to distinguish aspirated and fortis stops. Furthermore, Jun
(1993, 1996) found that the fO difference is not simply due to the phonetic perturbation that has
been noticed in other languages (Lehiste and Peterson1961, Lieberman 1963, Ladefoged 1964,
Hombert 1978, Hombert, Ohala, William 1979, inter alia,), but is phonologically encoded in the
intonation systemn in most dialects of Korean (including Seoul dialect), so that a phrase-initial
syllable beginning with a fortis or an aspirated obstruent is realized with a high (H) tone.

Han and Weitzman (1970) also reported that the harmonic components are weaker for lenis
stops, intermediate for aspirated stops, and stronger for fortis stops. They further argued that
these observations are indicative of a difference in the intensity build-up following the voice onset
associated with each stop: relatively more time is needed for glottal intensity to build up following
a lenis stop or an aspirated stop than that following a fortis stop.

The duration of the stop closure has been considered as another acoustically distinctive
feature associated with Korean stops — in general, the stop closure is shortest for lenis stops,
intermediate for aspirated stops, and longest for fortis stops (Silva 1993; M. Kim 1994; Han
1996). But an electropalatographic (EPG) study by Cho & Keating (1999) showed that there is no
significant difference between aspirated and fortis stop closure durations, all else being equal. Cho
& Keating (1999) also examined linguopalatal contact (the contact between the tongue and the roof
of the mouth) for different stops and found that lenis stops have less linguopalatal contact than
aspirated or fortis ones. The longer duration and the greater linguopalatal contact associated with
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both the aspirated and the fortis stops indicate that they are articulatorily ‘strong’ stops, compared
to the lenis stop.

The nature of the aspirated and the fortis stops has been a long term research topic. One of
the earlier studies, C. Kim (1965), characterized the stops in terms of two features: ‘tension’ of the
articulation, which served to distinguish aspirated and fortis stops from lenis stops; and
‘aspiration’, which served to distinguish aspirated stops from fortis stops (and lenis stops). Some
of the supportive findings for ‘tension’ associated with fortis and aspirated stops were a faster rate
of vocal fold vibration after release, greater amplitude of pressure, longer duration of increased
pressure, faster pressure build-up, greater linguopalatal contact, greater lip muscle activity (for
bilabial stops). In line with C. Kim, on the basis of results of VOT, frequency of glottal cycles at
vowel onset and air-flow rate, Hardcastle (1973:271) suggested that “a feature ‘tensity’, defined in
terms of isometric muscular tension in the vocal cords and pharynx, can usefully be employed to
explain some of these properties”.

As techniques developed for examination of the glottal area, researchers started
investigating vocal fold configurations that may contribute to the production of the contrasting
stops. C. Kim (1970), using cineradiographic evidence, reported that the glottal opening is larger
for aspirated stops, intermediate for lenis stops, and narrower for fortis stops, arguing that the
degree of aspiration is proportionally correlated with the degree of glottal opening at the time of
release of the oral closure. Kagaya (1974), in a fiberscopic study, found that fortis stops have
approximated vocal folds well before the articulatory release, while the glottis 1s quite open for the
lenis stop but not as open as for the aspirated stop at the time of the release. Kagaya suggested that
both the fortis and aspirated stops are characterized by some intrinsic laryngeal gestures. In his
view, fortis stops can be characterized by (1) a completely adducted state of the vocal folds before
the articulatory release, (2) stiffening of the vocal folds, (3) abrupt closure of the vibrating vocal
folds near the voice onset, (4) increasing subglottal pressure, and (5) lowering of the glottis
immediately before the release. Aspirated stops are associated with positive abduction of the vocal
folds and heightened subglottal pressure. On the other hand, none of these positive laryngeal
gestures are observed for lenis stops. More recently, Jun, Beckman, & Lee (1998), in their
fiberscopic study of vowel devoicing, found a similar result in terms of the timing and size of the
glottal opening for the three stop types. They also found that the glottal opening area is greater
when the stop is in phrase (i.e., Accentual Phrase) initial than in phrase medial position,
suggesting that there is domain-initial strengthening associated with the glottal gesture. (See Cho,
1998; Cho & Keating, 1999; Keating, Cho, Fougeron & Hsu, 1999 for further discussion on
domain-initial strengthening.)

The glottal state in these stops was further examined by the Electromyography (EMG),
which allows us to investigate the activities of the intrinsic laryngeal muscles. Hirose, Lee, and
Ushijima (1974) in an EMG study, reported that fortis stops are characterized by a sharp increase
in thyroarytenoid activity before the stop release, which presumably resulted in increased tension
of the vocal folds and constriction of the glottis during or immediately after the stop closure. In
aspirated stops, all activity of the adductor muscles of the larynx was suppressed immediately after
the articulatory release. A steep increase in activity of the adductor muscles always followed this
suppression, presumably due to the movement into the position for voicing. In lenis stops, the
suppression of adductor muscle activity is not significantly involved as compared with aspirated
stops, and there is no transient increase in thyroarytenoid activity before the articulatory closure.,
These results suggest that a simple dimension of adduction-abduction of the vocal folds in
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characterizing Korean stops, implied in the studies of C. Kim (1970) and Kagaya (1974), is not
sufficient, and another dimension is required.

Dart (1987) investigated the different aerodynamic properties of fortis and lenis stops in
Korean. She measured intraoral air pressure and oral flow associated with the fortis and lenis
stops in prevocalic position. One of the main results in her study is that the production of fortis
stops is characterized by “a higher intraoral pressure before release, yet a lower oral flow after
release,” which is counterintuitive since in general higher intraoral pressure is associated with
greater oral flow. Dart’s aerodynamic modeling accounted for the pressure-flow relations by
modeling fortis stops with tightly adducted vocal folds before the articulatory release and greater
vocal tract wall tension.

As it became clear that the different types of stops are associated with different glottal
configurations in the production of not only the stops themselves but also the onset of the
following vowel, researchers began to raise the question of whether the voice quality of the vowel
is influenced by the preceding consonant. They hypothesized that the voice quality of the vowel is
similar to a breathy voice after the lenis stop and to a laryngealized or ‘pressed’ voice after the
fortis stop. A laryngographic study by Abberton (1972) showed that the onset of vowels after
fortis stops has some of the characteristics of creaky voice with a long closed phase and a slow
opening phase. Han (1998) reported that vowels after lenis stops have a breathy voice as indicated
by positive H1-H2 values (the difference in amplitude between the first and the second harmonics).
On the other hand, vowels after fortis stops do not always have negative H1-H2 values, which, if
present, would have indicated a laryngealized or pressed voice quality.

3.2. Fricatives

There are three fricatives in Korean, s, s*, h. As in the stops, there is no voicing contrast among
fricatives, but unlike stops, there is only a two way contrast between denti-alveolar fricatives, s
and s*. s* is a tense or fortis fricative, but the categorization of s has been controversial. Korean
orthography regards it as lenis and it behaves that way in phonological processes. But its behavior
in phonetic processes and its phonetic realizations are generally believed to be similar to stops in
the aspirated category. For example, s becomes tense after a lenis stop (e.g., /paksa/ > [paks*a]
‘Ph.D’) as does the lenis stop (e.g., /pakta/ > [pakt*a] ‘to pin down’). However, s is not likely
to become phonetically voiced between voiced segments as lenis stops do, and it generally triggers
a high tone in the beginning of an Accentual Phrase as does the aspirated stop (Jun 1993).

In its phonetic realization, s consists of two parts, frication and aspiration, as has been
shown in spectrograpic studies (Yoon 1998, Park 1999). Fiberscopic data in Kagaya (1974) and
Jun et al. (1998) showed that s has a glottal opening configuration similar to aspirated stops, and
Jun et al. further showed that s has a larger glottal opening than s*. Park (1999) reported that
plain s has greater HI-H2 values than fortis s*, suggesting that the vowel onset after plain s is
breathier than after fortis s*. However, the relative breathiness associated with plain s cannot be a
direct metric for whether plain s has the characteristics of an aspirated segment, since the lenis
segment, as noted earlier, can also be associated with breathy voicing in the following vowel
onset.

4. Cheju data

In this section, we will describe the procedures employed to investigate the acoustic and
aerodynamic properties of Cheju consonants, and the measurement criteria for both stops and
fricatives. For stops, we will examine VOT, burst energy, fO, H1-H2, H1-F2 (the second

59



formant), and oral pressure and flow data. (Affricates were included only for VOT measurement.)
For fricatives, we will examine the duration, centroid of fricative noise, RMS energy, O, H1-H2,
and H1-F2, with particular reference to the contrasting nature of s and s*.

All nine stops and three affricates were examined in the acoustic study. Each consonant
was placed in initial and medial positions in the word, and was followed (and preceded, for word
medial tokens,) by the open vowel a. In this paper, we will discuss word initial tokens only.
Table 3 shows the word list in a phonemic transcription. Note that for the lenis ¢, two different
words were used because some speakers were more familiar with one than the other.

Table 3. Stops and affricates recorded for acoustic measurements

p" | p"amtfo to dig

p* | p*amtfo to squeeze oil

p patar sea

th thamtfa to get (shy)

t* t*api ground

t talkwatfomtfoa | to heat iron
telanamtfa to run away

t | tfhamtfo to kick

tf* | tf*amtfo to conspire

tf tfamtfo to sleep

k" | khamtfs to get burned

k* | k*amtfs to peel

k kamtfa to go

The fricatives s, s*, h were recorded in initial and medial position, in the words shown in
Table 4. As will be discussed in section 7, we also recorded all the other consonants of Cheju.
Here we will simply note that the approximant 1 in word initial position (i.e., /latio/ ‘radio’) was
used to provide a base line when comparing the voice qualities of vowels conditioned by the type
of preceding consonant.

Table 4. Fricatives recorded for acoustic measurements

Word initial Word medial

s salamtfa to live s asakatfo To take away

s* | s*tamtfa to wrap s* | phas*ak Breaking noise

h hata many/much h nahan (from) ‘opek nahan’

For the aerodynamic study, a corpus with only bilabial stops was designed as shown in
Table 5. Four sets of data were constructed to make the target consonants (p, ph, p*) vary in four
prosodic positions -- word-initial vs. word-medial in isolation, and word-initial (i.e., phrase initial)
vs. word-medial within a sentence.
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Table 5. Word list for aerodynamic study

Word in isolation, word initial Word in isolation, word medial

p pe ship tfapamtfa to catch

ph | phe card aphamtfs sick

p* | p*e bone pap*amtf3 busy

Sentence medial, word initial Sentence medial, word medial

p | ikasi petfu | Thisis aship | kai tfapamtfo He catches (object)
ph | ikasi phetfu | Thisisacard | kai aphamtfa He is sick

p* | ikasi p*etfu | This is a bone | kai pap*amt[s He is busy

For the acoustic study, each word in Tables 3 and 4 was read twice by each speaker. For
the aerodynamic study, the items in Table 5 were read four times each by each speaker (except for
one male speaker in the rural area). Recorded materials were digitized at a sampling rate of 22,050
Hz and analyzed using the Kay Elemetrics’s Computerized Speech Lab (CSL).

4.1. Measurements for stops.

*Voice Onset Time: VOTs for all stops and affricates were taken from the point of the stop
release to the voice onset of F2 and higher formants in the following vowel, as seen in
spectrograms. Thus for the lenis stops, any breathy voicing with only low-frequency harmonics
was included in the VOT, and for the affricates, frication after stop release was included in the
VOT because there was no clear cut between frication and aspiration.

* Relative Burst Energy: The acoustic energy at the burst and in the middle of the vowel
were measured from an acoustic energy profile, using a 10 ms window. The percentage value of
the burst energy relative to the energy at the midpoint of the vowel was employed to examine the
characteristics of the stop release for the different types of stops. Greater burst energy for a stop
can be expected in two cases — when a consonant (i.e., /t/) has a relatively small amount of
linguopalatal contact, resulting in a fast release (Stevens, Keyser, & Kawasaki, 1986) and when
the air flow is greater at the release (which is presumably due to a greater air pressure behind the
constriction immediately before the release).

* Fundamental Frequency (f0): fO was measured at the onset and the midpoint of the
vowel, using the pitch track along with the first harmonic values from an FFT with a 25 ms
window as supplementary checks. From the fO differences, we would infer some physical
information about the vocal folds (e.g., tension or stiffness) associated with different consonant
types.

* HI-H2 and HI-F2: Energy values (dB) for the first (H1) and second (H2) harmonics,
and the peak harmonic forming the second formant (F2) were taken at the onset of the vowel,
using FFT spectra with a 25 ms window. All nine stops were included in this measure. In
addition, harmonic values were also measured at the midpoint of the vowel after the liquid 1, which
was used as a control data representing modal voicing. The difference in amplitude between H1
and H2 has been frequently used to distinguish between breathy and modal voicings (e.g., Bickely
1982, Ladefoged 1983, Huffman 1987, Klatt & Klatt 1990, Blankenship 1997). Breathy voicing
is produced with a relatively larger open quotient with the vocal folds remaining closed for a
shorter time (e.g., open for 80-100% of the cycle for breathy phonation, vs. 65-70% for modal
phonation (Childers & Lee, 1991)). As a result, the spectrum is dominated by the energy at the
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fundamental frequency, resulting in the amplitude of H1 being markedly higher than that of other
harmonics. On the other hand, laryngealized vowels with creaky voicing (or ‘pressed voicing’ in
Stevens’ (1999) term) would have the opposite result, as they are produced with a smaller open
quotient with the vocal folds remaining closed for a longer time (Blankenship, 1997). Thus, a
greater H1-H2 would indicate breathiness of the vowel and a smaller or negative HI-H2, would
indicate creakiness.

The spectral slope, as obtained from H1-F2, is an indicator of the abruptness of vocal fold
closure. Blankenship (1997:17) explains that a gradual adduction of the vocal folds excites mainly
the lower resonances of the vocal tract and, as a result, the sound wave is nearly sinusoidal with
most energy near f0. The resulting spectrum has a steep downward slope from which a greater
HI1-F2 is expected. We expect that any breathy voicing should be associated with a gradual
adduction with a greater HI-F2. On the other hand, when there is an abrupt adduction with the
vocal folds coming together all at once, which is one of the characteristics of pressed or creaky
voicing, the abruptness of the closure excites a wider range of frequencies. As a result, the sound
wave has a spectrum with energy spread across a higher range of frequencies. Schematized
spectra for different types of voicing are shown in Figure 2, based on Stevens (1999:86, 90).
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Figure 2. Schematized spectra for different phonation types, based on Stevens (1999:86, 90).

* Oral Pressure and Flow: Oral airflow and pressure were recorded using the Macquirer
X16 system. Speakers held a face mask against the lower part of the face, below the nose,
capturing all the oral airflow. They also held a tube (internal diameter 2 mm) between their lips to
record the pressure of the air in the mouth. A microphone within the face mask recorded the audio
signal. The flow and pressure signals were sampled at a rate of 2 kHz and the audio signal was
sampled at 10 kHz. Speakers found little difficulty in producing the required phrases in these
conditions, and the audio signal indicated that the utterances sounded reasonably natural. Only
bilabial stops, as shown in Table 5, can be investigated in this way. (The speakers were too
elderly and unaccustomed to phonetic experimentation to ask them to pass a tube through the nose
so that pressures behind dental and velar closures could be recorded.) The maximum flow after the
release of the closure and the peak oral pressure during the closure were measured, as indicated by
the arrows (a) and (b) in Figure 3, respectively.
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Figure 3. Waveforms of audio, oral airflow and oral pressure. The points marked by arrows
indicate peak oral flow (a) and oral pressure (b).

Oral pressure and flow provide information about the degree of glottal constriction
(Ladefoged, Maddieson & Jackson 1987). Other things being equal, the ratio of flow to pressure
in a voiced sound should be constant. The ratio of flow to pressure will be higher if the vocal
folds are held together more loosely, as in a breathy voiced vowel, and lower when the vocal folds
are more tightly together as in a pressed or creaky vowel. As we have noted, Dart (1987) and
others using these measures have found indications of differences in phonation type in the vowel
onsets after the different Korean stops. We wanted to determine whether similar variations
occurred in Cheju.

4.2. Measurements for fricatives

* Fricative duration: Duration measurements were made from the spectrograms of each
token for s and s* both in word-initial and word-medial positions. For s, we also measured the
duration of both frication and aspiration, separately and combined.

* Centroid of the fricative noise: The centroid is the center of gravity of a defined part of the
spectrum, each frequency being weighted according to its amplitude. Centroid values were taken
from FFT spectra in the frequency range from 500 Hz to 10,000 Hz, using a 25 ms window
centered around the midpoint of the fricative portion of s*, h, and the midpoint of the fricative and
the following aspiration for the plain s. Due to the low-frequency characteristics of h (Stevens
1999), we expect that h would be associated with a lower centroid. On the other hand, for denti-
alveolar fricatives, s and s*, a higher centroid is expected as the source is filtered by the front
cavity resonance, resulting in a spectrum peak in the vicinity of F4 or F5 (Stevens 1999). We
were particularly interested in determining whether there was a difference in the centroid frequency
of s and s*.

* RMS energy: The acoustic energy at the center of the frication was measured from an FFT
spectrum giving the RMS value over all frequencies. A 25 ms window was centered around the
midpoint of the frication for s and s*.

* HI-H2 and HI-F2: As measured for stops, HI-H2 and HI1-F2 were measured at the
onset of the vowels that follow s and s*.

» Fundamental Frequency (f0): As measured for stops, fO was taken at the onset and the
midpoint of the following vowel. '
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Along with these parameters that were analyzed quantitatively, qualitative observations of
the spectrographic characteristics were made for each token.

5. Results and discussion for stops

5.1VvoT

We found a significant effect of consonant type on VOT (F(2, 180) = 280.571, p < .0001).
Pairwise Fisher’s PLSD post hoc comparison showed that VOT is shortest for the fortis stop,
intermediate for the lenis stop, and longest for the aspirated stop (p < .0001 for each comparison).
This finding is true across all places of articulation, as summarized in Figure 4. It remains true for
stops at each place of articulation taken separately, except that there is no significant difference in
VOT between the lenis and the fortis post-alveolar affricates, presumably because there was a trade
off between the aspiration and the frication periods (Note that the frication component of an
affrricate was included as VOT).
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Figure 4. VOT for different types of stops and affricates. Data are pooled across
stops/affricates, speakers and place of articulation. Error bars refer to standard errors.
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Figure 5. Variation in VOT depending on place of articulation.
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Figure 5 shows the variation in VOT due to place of articulation. There is a significant
effect of place of articulation on VOT (F(3, 180) = 15.253, p < .0001). Pair-wise Fisher’s PLSD
post hoc comparison showed that VOT of the velar stop is significantly longer than that of either
the bilabial or the denti-alveolar stops. There was no significant difference between the bilabial
and the denti-alveolar or between the post-alveolar and the velar VOT’s. This is in general
agreement with the tendencies noted in other languages, notably that the further back the closure,
the longer the VOT (Fischer-Jgrgensen 1954; see also Cho & Ladefoged, 1999, for an extended
discussion on VOT ).

5.2 Relative burst energy

We found a significant effect of the consonant type on the relative burst energy (F(2, 135) =
11.091, p < .0001). Fisher’s PLSD pairwise post hoc comparisons revealed that the aspirated
stop has significantly greater burst energy than the other two types of stops while there is no
difference between the fortis and the lenis stops, though there is a trend for the lenis stop to have a
greater burst energy than the fortis stop, as shown in Figure 6.
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Figure 6. Relative burst energy (%) for different types of stops.

As mentioned earlier, a greater burst energy is due either to a smaller linguopalatal contact
(Stevens et al. 1986) (and, therefore, a greater speed of movement) or a greater air flow at the
release. Cho and Keating (1999) found that both fortis and aspirated Korean stops have greater
linguopalatal contact than the lenis stops while there is no difference between the fortis and
aspirated stops. If the greater contact induces slower release, which is in turn associated with
lesser burst energy, then both fortis and aspirated stops should have lesser burst energy than lenis
stops, all else being equal. Our data, however, show that only fortis stops have lesser burst
energy than lenis stops. This indicates that the amount of the contact itself is not the primary
source for the greater burst energy. »

Dart (1987) found that the lenis stop has a greater air flow at the release than does the fortis
one, though the fortis stop has a greater air pressure before the release. (A similar result was found
in our own aerodynamic study. See below.) This explains why the lenis stop tends to have a
greater burst energy than the fortis stop in our data. The lenis stop has a greater air flow at the
release which is responsible for the greater burst energy. We can also expect that the aspirated
stop is produced with a greater oral pressure and a greater flow than the lenis stop at the release,
which would lead to a greater burst energy. In fact, our aerodynamic data show that the aspirated
stop is produced with the greatest air flow at the release (see Fig. 17).
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This aerodynamic explanation of the burst energy is supported by the observation that there
is a significant effect of place of articulation (F(2, 141)=6.787, p =.0015 across speakers). The
burst energy for the velar stop is significantly greater than that for both the bilabial and denti-
alveolar stops (p < .001, Fisher’'s PLSD posthoc comparisons) between which there is no
difference, as shown in Figure 7. The velar stop, which is usually produced with a relatively
greater linguopalatal contact, might be expected to have smaller burst energy. This would be the
case if the amount of linguopalatal contact and its consequent slow speed of the release movement
is the primary factor responsible for the burst energy difference. But the cavity behind the
constriction of the velar closure is relatively smaller than those of other stops, and, as a result, will
have relatively greater air pressure buildup before the release. The greater air pressure would give
higher air flow volume velocity, which appears to be responsible for the greater burst energy for
the velar stop. However, we should not ignore the possibility that the difference may be due to the
shape of the constriction just after the release.
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Figure 7. The relative burst energy (%) at different places of articulation.

5.3 fO differences
We found that fO in both the onset and the midpoint of the vowel is significantly influenced by the
type of preceding consonants (F(2, 135) = 27.999, p < .0001 for the onset; F(2, 116) = 13.461, p
<.0001 for the midpoint). Each consonant type is associated with significantly distinctive fO in the
onset of the following vowel at least at the p < .05 level while, in the midpoint of the following
vowel, a significant difference is maintained between the lenis and the other two stops, but not
between the fortis and the aspirated stops. As shown in Figure 8, for the vowel onset, lenis stops
have smaller fO values than fortis stops which in turn have smaller fO values than aspirated stops.
Note, however, that the difference between the fortis and the aspirated stops is smaller than that
between the lenis and the other stops. For the vowel midpoint, similar patterns are observed
except that the difference between the fortis and the aspirated stops is not significant.

The substantial difference in fO between the lenis and other stops cannot be understood in
terms of the phonetic pitch perturbation caused by the voicing of the preceding consonant (i.e.,
microprosody) as found in many other languages (Hombert 1978, Hombert et al. 1979). The f0
difference between the groups shown in Figure 8 is substantially greater than that found in other
languages, and the fO difference is still present at the mid point of the syllable. Furthermore, all
three stops are voiceless.
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Figure 8. fO differences in the onset and the midpoint of the following vowels.

The same fO pattern was found in Seoul Korean (Jun 1996a). Jun (1996b) claims that this
segmentally triggered fO distinction in Seoul Korean is phonologized in the intonation system of
Seoul Korean as described by Jun (1993, 1996a, 1998). In this intonation system, the Accentual
Phrase is realized in two distinct tonal patterns, LHLH and HHLH, where the phrase initial tone (L
vs. H) is determined by the type of the consonant occurring in the onset of the phrase initial
syllable. When there is a fortis or aspirated obstruent in the onset, the Accentual Phrase starts with
H, and otherwise (i.e., when there is a lenis obstruent, a sonorant consonant, or a vowel), it starts
with L. This phonologization of microprosody seems to occur in Cheju, though we do not yet
know the detailed intonation system of Cheju.

54 HI-H2 and HI-F2

There is a significant effect of consonant type on H1-H2 (F(2, 135) = 27.419, p < .0001).
Pairwise posthoc comparisons by Fishers PLSD showed that stops differ significantly from each
other at p < .05. H1-H2 is greater (positive) for lenis stops, intermediate for aspirated stops, and
smaller (negative) for fortis stops, as shown in Figure 9. In other words, the onset of the vowel
(the first 30 ms. period) has a more breathy voicing with a larger open quotient of the vocal folds
immediately after the lenis stop, and more pressed (creaky) voicing with a smaller open quotient
after the fortis stop. The voice quality of the vowel after the aspirated stop is close to the modal
voice. Its H1-H2 value is about the same as the control (modal) value taken from the midpoint of
the vowel after I which has no known effect on the phonation type of the following vowel. What
is especially interesting about this finding is that it indicates that both the fortis and the lenis stops
are associated with non-modal phonation.

Now let us consider the spectral slope (H1-F2), a hypothesized indicator of the abruptness
of vocal fold closure. Results show that there is a significant effect of consonant type on H1-F2
(F(2, 135) = 9.939, p < .0001). The fortis stop has negative H1-F2 while the lenis and aspirated
stops have positive H1-F2, as shown in Figure 10. This indicates that the closing gesture of the
vocal folds during the voicing is more abrupt for the fortis stop than for the other stops. The folds
come together more rapidly after the fortis stop, providing more energy in the second formant
region, presumably because they are under greater tension. Interestingly, however, the expected
higher H1-F2 associated with the breathy voicing for the lenis stop was not observed as compared
to H1-F2 for the aspirated stop. This indicates that the H1-H2 (an indicator of the open quotient)
and the H1-F2 (an indicator of the abruptness) do not necessarily go hand in hand. In fact, there is
only modest correlation between the two parameters (R = .466).
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Figure 10. Difference between the amplitudes (dB) of the first harmonic (H1) and the second
formant (F2). Error bars indicate standard errors.

5.5 Oral Pressure and Flow

Both oral pressure and flow were found to be significantly influenced by the consonant type (F(2,
317) = 28.985, p < .0001 for oral pressure; F(2, 317) = 87.257, p < .0001 for air flow). As
shown in Figure 11a, the peak oral pressure during the closure is smaller for the lenis stop than for
the fortis and aspirated stops, while there is no difference between the latter two. On the other
hand, the lenis stop is produced with a slightly greater flow than the fortis stop, as found by Dart
(1987), but with a much smaller flow than the aspirated stop, as shown in Figure 11b.

The fact that the fortis stop has greater oral pressure but little flow can be accounted for by
several factors such as the glottal impedance (which depends largely on the glottal area), the vocal
tract wall tension, and a possible increase in the subglottal pressure, as discussed in Dart (1987).
The smaller glottal opening area (Kagaya 1974, Jun, Beckman, and Lee 1998) would have the
effect of decreasing flow through the glottis. A greater degree of vocal tract wall tension (C. Kim,
1965; Hardcastle, 1973) also contributes to an increase in oral pressure. Dart posited that the
pressure increase is due to stiffening the wall, which presumably reduces passive vocal tract

68



expansion. The suppression of the vocal tract expansion is effectively the same as reducing the
supraglottal cavity volume which otherwise would be expanded under normal circumstances. The
stiffened vocal tract wall can also result in a decrease in the volume velocity of air flow since the
reduction in the elasticity of the walls would also reduce the amount of elastic recoil of the walls,
which would in turn cut down the initial flow volume velocity at release. Finally, the pressure
increase can be understood as the result of heightened subglottal pressure, as suggested by C. Kim
(1965) and Kagaya (1974). Dart’s model suggested that the heightened subglottal pressure is
primarily due to a larynx raising caused by a more rapid increase in respiratory muscle force,
although it is also possible that any subglottal pressure increase can be a result of larynx lowering,
caused by expanding the supraglottal cavity.

(a) Oral Pressure (cm H20)
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(b) Air Flow (1/msec.)
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Figure 11. (a) Oral pressure (cm H20) and (b) air flow (I/msec) with data pooled across prosodic
positions and speakers. Error bars indicate standard errors.

Now let us look at aerodynamic characteristics of the aspirated stops, which were not
included in Dart's study. Aspirated stops are characterized by an increase in both oral pressure and
flow, as shown in Figure 11. The greater oral pressure and flow can be accounted for by a larger
vocal fold opening (Kagaya 1973, Jun et al. 1998) and a greater subglottal pressure due to an
increase in the respiratory muscular force. As C. Kim (1965) noted, there may be a greater vocal
tract wall tension during the closure of the aspirated stop as in the case of the fortis stop, which
will contribute to an increase in the oral pressure. However, as discussed above, the greater wall
tension would counteract the increase in flow velocity immediately after the stop release. It is
conceivable that the effect of glottal area function and the respiratory muscular force is large
enough to override that of the vocal tract wall tension, if there is any.

To examine the position effect on aerodynamic parameters, the data were submitted to
three-way ANOVAs with factors, Consonant Type, Position-in-Word (initial vs. medial),
Position-in-Sentence (word in isolation vs. word inside a sentence). First, the results show that
there is a significant effect of Position-in-Word on flow (F(1, 308) = 33.535, p < .0001) — air
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flow was significantly greater for word-initial stops than for word-medial stops. But, there is no
significant effect of Position-in-Word on oral pressure. Second, there is no effect at all of
Position-in-Sentence on either oral pressure or flow — i.e., no difference between the word in
isolation and the word inside a sentence. In addition, there is no significant interaction between
Position-in-Word and Position-in-Sentence. Third, a significant interaction between Consonant
Type and Position-in-Word is found for both oral pressure (F(2, 308) = 12.568, p < .0001) and
flow (F(2, 308) = 18.788, p < .0001). The effect of Position-in-Word and its interaction with
Consonant Type is illustrated in Figure 12. Note that since there is no effect of Position-in-
Sentence (word in isolation vs. word inside a sentence), we present data for the word-initial stops
pooled across Position-in-Sentence.
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Figure 12. Difference between word-initial (Wi) and word-medial (Wm) positions for oral pressure
(a) and flow (b) for three stop types, pooled across Position-in-Sentences and speakers.

The word-initial lenis stop has a greater oral pressure and flow than the word-medial one,
regardless of where it occurs in isolation or sentence-medially. The lower oral pressure and flow
for the word medial lenis stop can be accounted for by the intervocalic voicing for the lenis stop.
This clearly suggests that there is an effect of weakening in medial position. Seen from a different
angle, however, this effect can be understood as strengthening in initial position. The glottal
opening gesture is larger in word-initial position, which explains the greater oral pressure and
flow, compared to word-medial position, where there is voicing. This agrees with Jun et al.’s
(1998) fiberscopic study of glottal configurations of Korean obstruents, where they found that
Accentual Phrase initial lenis and aspirated stops are produced with a larger glottal aperture than
Accentual Phrase medial ones. A similar case was found for English by Cooper (1991).

For both fortis and aspirated stops the oral pressure is smaller for word-initial stops than
for word-medial ones. This appears to be due to the geminate characteristics of the fortis and
aspirated stops word-medially. In Korean, it has been reported that word-medial tense and
aspirated stops in general lengthen (e.g., Silva, 1992; Han, 1996; Cho, 1998; Cho & Keating,
1999). Cho & Keating (1999) also found that linguopalatal contact for the fortis and aspirated
stops tends to be greater word-medially than word-initially (but Accentual Phrase medially), which
could perhaps be correlated with more forceful articulation, compared to word-initial ones.

For the air flow, there is no significant difference between initial and medial fortis stops, as
shown in Figure 12b. This is presumably because the glottal aperture is too small to be effectively
different between the word-initial and word-medial positions. This is also supported by the fact
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that there is no significant difference in VOT between word-initial and word-medial fortis stops
(Cho & Keating, 1999). For the aspirated stops, however, the word initial stops have a greater
flow than word medial ones. This is presumably because the glottal aperture is larger at word
initial position than medial position (Kagaya 1974, Jun et al. 1998).

6. Results and discussion for fricatives, s and s*

Let us first examine the acoustic characteristics for s and s* that can be qualitatively observed in
the spectrograms. Spectrograms of word-initial s and s* are given in Figure 13. The plain s
consists of both frication and aspiration, making it a complex, aspirated segment. This complex
nature of the plain s was observed in most of the tokens examined. This suggests that the plain s
is phonetically aspirated, agreeing with the previous studies (e.g., Kagaya, 1974; Jun et al, 1998;
H. Park, 1999). However, it does not behave like the aspirated stops in that it does not retain a
period of aspiration word-medially. The plain s is unaspirated when it occurs word-medially, as
shown in Figure 14a. In these circumstances it has intervocalic weakening, like the lenis stops.
Furthermore, although it is commonly supposed that s in general does not become voiced
intervocalically, we observed about 38% of tokens for s being voiced in this position—further
evidence that s behaves as a lenis segment. Two examples of the fully voiced s between vowels
are given in Figure 15.

The fortis s* also has two components. As shown in Figures 13b and 14b, it has a
frication portion similar to that of the plain s, followed by a vertical gap immediately before the
vowel onset. The gap appears to be an indication of the glottalization for s*. Figure 16 shows
examples of glottalization spanning over the first several cycles of the following vowel. There
were a total of 9 out of 16 tokens showing a clear gap at word-initial position. A similar gap was
found for word-medial tokens in 8 out of 16 tokens.

Such a glottalization gap was not generally observed when we examined fortis stops. In
fortis stops the vocal folds close just before the oral release and start vibrating immediately for the
following vowel, as implied by a short VOT. However, as noted by Jun et al. (1998), for the
Korean fortis fricative (as well as the plain one) the glottis must remain open to a certain degree in
order to permit sufficient air flow for the frication noise. Consequently it seems that it is only in the
last part of s* that the glottal characteristics of a fortis consonant are present.
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Figure 13. Spectrograms of s and s* in word-initial positions (speaker S6).
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Figure 14. Spectrograms for s and s* word-medially between vowels.
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Figure 15. Spectrograms for fully voiced intervocalic s.

6.1 Fricative duration

For the word-initial position, the duration of the plain s (frication plus aspiration) is significantly
longer than that of the fortis s* (F(1,30) = 11.097, p = .0023), as shown in Figure 16. This is the
opposite of the difference in closure duration between the lenis and the fortis stops; that is, the
closure of the fortis stop is longer than that of the lenis stop at word initial position (Cho &
Keating, 1999). However, if we exclude the aspiration period, the difference becomes
insignificant as shown in the figure. When the data were separated by the speaker, only two of
eight speakers (S4, S6) show a significant duration difference between the plain s (excluding
aspiration) and the fortis s*. This is contradictory to Yoon (1998) who found that the fortis s* is
significantly longer than the plain s in non-high vowel context.

72



glottalization glottalization

8000 T

4000

|
s 200 400 600 800 1000

Figure 16. Spectrographic evidence of glottalization for s* in word-initial positions in s*amtfa,

produced twice by speaker S4.
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Figure 17. Duration of the plain s and the fortis s* in word-initial and word-medial positions.
For the word-initial plain s, the duration with and without aspiration is shown together, with the
latter marked by a dashed line. Error bars indicates standard errors.

The duration difference between s and s* is even larger in word-medial position (F(1, 30)
= 36.415, p < .0001), but in the opposite direction, as also shown in Figure 17. The word-
medial, intervocalic s* is about twice as long as the word-initial one, showing the geminate nature
of the fortis segment, which is phonetically realized with a longer duration intervocalically (see
Cho & Keating, 1999, for the seal closure duration difference between word-initial and word-
medial fortis stops in Korean). In contrast to the increase in duration for the word-medial fortis
s*, there is a decrease in duration for the plain s. The decrease is primarily due to the absence of
the aspiration intervocalically. The duration of the word-medial s is not significantly longer than
that of the word-initial s excluding the aspiration period.
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6.2 Centroid Frequency

There is a trend toward a higher centroid frequency for s* than for s, as can be seen in Figure 18.
However, there is also a substantial speaker variation--only four out of eight speakers produce s*
with a higher centroid frequency as compared to s. We infer that, at least for those who show this
difference, s* is produced with a relatively smaller front cavity, which presumably results in a
higher centroid frequency. Another interesting fact lies in the similarity between h and the
aspiration portion for s, (i.e. h in s) as can be seen in the figure. This indicates that the plain s in
Cheju (as well as most of dialects in Korean) has two components, frication and aspiration, and
has a similar acoustic pattern as other aspirated obstruents.

6000
5000
4000 A
3000 A

Centroid (Hz)

2000 T

1000 -
0

h hins s s*
Figure 18. Centroid frequencies for h, hin s, s, and s* in word-initial positions.

6.3 RMS Energy of frication
There is no RMS energy difference between the plain s and the fortis s*.

6.4 Fundamental Frequency (f0)

fO in the onset of the vowel is significantly higher after the fortis s* than after the plain s (t=-
2.242, p <.05), as shown in Figure 19. However, there is no significant difference at the
midpoint of the vowel. As we have seen, the plain s is often aspirated, but it does not have a high
fO as other aspirated obstruents (see Figure 9). It also has a lower fO than fortis s*, unlike the
higher fO for aspirated stops than fortis stops. Although the effect of the aspiration of plain s on fO
is not as great as that of the aspiration in aspirated stops, there still remains some effect of the
aspiration in plain s. In a separate t-test comparing the fricative and stops, fO after the plain s is
significantly higher than that after the lenis stop (t=2.411, p < .05). fO values after the plain s are
closer to the fortis s* in Jun (1999) where Seoul Korean female speakers, in their 20s and 30s,
produced fricatives and stops in an Accentual Phrase initial position. Jun also shows that the
average fO of both fricatives is higher than that of fortis stops. A low fO value after the plain s in
Cheju may be due to a dialect and/or an age difference.
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Figure 19. {0 difference between s and s* in the onset and the midpoint of the following vowel.
Error bars indicate standard errors.

6.5 HI-H2 and HI-F2
As shown in Figure 20, there is a significant H1-H2 difference between s and s* in the onset of

the vowel (t=4.04, p =.0003) — HI1-H2 is positive after s and negative after s*. This suggests
that the vowel onset has breathy voicing after s but ‘pressed’ voicing after s*. The average H1-
H2 value after the plain s (2.5 dB) is closer to that after the lenis stop (3.5 dB) than that after the
aspirated stop (-0.3), showing that the plain s has breathy voicing in the onset of the vowel in
common with the lenis stop, not with the aspirated stop. There is no difference in H1-H2 between

s and s* in the midpoint of the following vowel.
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Figure 20. (a) difference in dB between the first and the second harmonic (H1-H2) and (b)
difference in dB between the first harmonic and the second formant (H1-F2). Error bars indicate

standard errors.

The plain s and the fortis s* differ also in H1-F2, an indicator of the abruptness of the
vocal fold closure — H1-F2 is positive after s and negative after s*. The difference is maintained
significantly in both the onset and the midpoint of the vowel (t= 2.745, p =.0101 for the onset;
=2.499, p = .0194 for the midpoint). Put differently, vowels after the fortis s* are produced with
abrupt vocal fold closure as are vowels after fortis stops, and the abruptness after s* continues into
the middle of the vowel. That is, the pressed nature of the vowel seems to be more evident after

s* than after fortis stops.
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6.6 Summary on phonetic natures of s and s*

We have examined some phonetic properties that may contribute to distinguishing the contrasting
segments s and s* in Cheju. The phonetic nature of the fortis s* is rather straightforward: it is
produced with (1) frication and glottalization immediately before the vowel, (2) higher fO in the
vowel onset, (3) ‘pressed’ voicing (negative H1-H2) at the vowel onset, and (4) abrupt vocal fold
closure during the following vowel (negative H1-F2).

The phonetic nature of the plain s is quite complex and ambiguous. It is produced with
frication, aspiration, and fO at the vowel onset relatively high as compared to a lenis stop. This
might make one believe that it is an aspirated s appropriately transcribed as [s"). However, we
claim that the plain s may well be categorized as a lenis segment for several reasons. First, its
counterpart lenis stop is also produced with a fair amount of aspiration. Second, the onset of the
vowel after s has a similar breathy voice quality to vowels after the lenis stop. Third, there is a
relatively low fO in the vowel onset after s, compared to fO in the vowel onset after an aspirated
stop, though higher compared to fO after a lenis stop. Fourth, interestingly enough, the plain s
loses its aspiration word-medially as does the lenis stop. Finally, though in general it does not
become voiced, we have observed about 38% of tokens fully voiced word-medially. Considering
all these observations, it seems that the plain s can be better labeled as a lenis fricative, rather than
an aspirated fricative.

The phonetic nature of the frication is much the same for both plain and fortis fricatives in
word-initial positions. There is no significant difference in centroid frequency, RMS energy, or
the duration of frication. Yoon (1998) reports inconsistency in parameters such as the acoustic
energy of the frication and the frequency distribution of the spectral peaks. It appears that the
substantial difference then lies only after the frication period and in the onset of the following
vowel, as just discussed above.

7. Other consonants

The Cheju segments that we have not yet discussed are the nasals and the lateral exemplified in
Table 6, and the glides exemplified in Table 7. The velar nasal fj occurs only in coda position, and
the same is true for the lateral 1, except for its occasional occurrence initially in loan words. The
lateral is usually realized as a flap word-initially and intervocalically. We did not find any unusual
phonetic features specific to Cheju nasals and lateral.

Table 6. Word list for nasals and lateral

Wd initial Wd medial
m | matar ground samila to weave straw
n | naamtf*s to give abirth | amla to hug
(] pane grinding tool
1 | latio radio alamtf*3  to know
tallitfu different

The glides are similar to those in Korean. We recorded each of the glides w, j, uj before each of
the vowels, as permitted by the phonological constraints. (In Korean, glides are sometimes
analyzed as a consonant and sometimes as part of the vowels. In this paper we take no stand on
either of these positions.)
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Table 7. Word list for glides

wi | wi stomach

we | we cucumber

waz | weullhmsa(ke) to shout
weaeullimtfs

wo | wollamel horse (colorful)

wa | wa to stop (to horse)

je jesun sixty

Jj® | j®ja Child! (vocative)

Jo jo stone

ja | jakatfi/ jakeki neck

Je | jetap eight

jo jo blanket

Jju juktfi land

wi | wisa / witfa doctor / chair
wikwili name of a village

As in nasals and lateral, there is nothing particularly noteworthy about these glides except for the
back unrounded glide, uy, a rare glide in the languages of the world. The back unrounded glide
occurs only with i, as shown in Table 7. In casual speech, however, wji is usually
monophthongized as either [i] or [i] by most speakers. A few rural speakers in the experiment
produced this glide and the labio-velar glide, w, distinctively as shown in Figure 20. In Figure
20a, for wi ‘stomach,’” formants (F2, F3, F4) are lowered at the beginning, an indication of the
rounded glide w, followed by the steady state of i . In Figure 20b, for wji in ujikwili ‘name of a
village’, there is a much lowered F2 at the beginning but no observable lowering of the higher
formants. A clear transition in F2 from uj to 1 is shown in the figure.

(b) wyikwili
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Img 250 500 750 1000 1290

Figure 20. Spectrograms of (a) wi 'stomach’ and (b) wjikwili 'name of a village.’

8. Closing Remarks

Cheju and Korean are not mutually intelligible, but the consonants of the two languages seem to be
the same in every respect. The opposition between the fortis, lenis and aspirated obstruents is
realized in the same way, and the phonetic realization of all consonants are the same as those found

in Korean.
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Among findings reported in this paper, three points are particularly worth recapitulating.
First, the voice quality of the vowel varies systematically depending on the preceding consonant
type. This suggests that the voice quality may be one of the strong perceptual cues for listeners to
use in differentiating the three way contrast in Korean stops. This finding is in agreement with
Cho (1995, 1996) who reported that Korean listeners were able to identify the stop category at a
far better than chance level by only listening to vowel stimuli following the stop. Second, the
Cheju stops can be differentiated by acrodynamic characteristics. While two 'strong' strops (i.e.,
aspirated and fortis) are equally strongly articulated on a supralaryngeal level (cf. Cho & Keating,
1999), aerodynamics suggests that different mechanisms are employed in producing these stops.
Finally, our study suggests that the fricative s is closer to a lenis category than an aspirated
category in terms of its phonetic realization. The breathiness of the vowel onset after s and the
property of intervocalic lenition are most appealing evidence in favor of the lenis category.
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The vowels of Cheju
Taehong Cho', Sun-Ah Jun', Seung-Chul Jung® and Peter Ladefoged'

This paper investigates acoustic qualities of monophthong vowels of Cheju spoken by rural and urban
speakers mostly in their 60 - 70s. We examined the first and second formants (F1 and F2) of vowels with
reference to how vowels are spaced in the bark scaled vowel space. One of the obvious findings is that
quite a few Cheju speakers do make clear distinctions between e and @, and o and A. When the urban and
rural data were considered separately, and were compared with those about 50 years ago, a few
generalizations appear to fall out: (1) the mergers of e/& and 0/A are in progress in Cheju; (2) the mergers
spread from the urban to the rural area; (3) the /& merger started earlier than the 0/A merger; and (4) at
least for the urban Cheju speakers, the merger is best accounted for by the merger-by-transfer model, a
unidirectional change in which one phonemic category becomes another (cf. Labov, 1994). Further, when
our data are compared with other acoustic data available (including studies of the standard Korean in the
1960s and 1990s), it suggests that the directionality of the diachronic sound change is guided by both
auditorily and articulatorily based principles such as contrast maximization and effort minimization

principles.

1. Introduction

Cheju is the form of Korean spoken on Cheju Island, one of the eight provinces of the country.
Although Cheju is not mutually intelligible with Standard Korean, it has been considered to be
one of the six dialects in South Korea. In this paper we will take no stand on whether Cheju is a
dialect of Korean or a separate language. Our purpose here is simply to compare the vowels of
Cheju with those of what we will refer to as Korean, meaning Standard Korean as spoken in
Seoul. It is generally agreed that Cheju is currently in the process of changing from a 9 vowel
system to a 7 vowel system, as shown in Figures 1a and b. The 9 vowel system is found in the
dialect of the older generation of Cheju speakers, and the 7 vowel system is found in the dialect
of the younger generation (Kim 1963, Hyeon 1964a, 1985, Jung 1995).

1 i u
e 3 0
@ A

(a) a

Figure 1. Two vowel systems in Cheju. The 9 vowel system in (a) is found in the older
generation and the 7 vowel system in (b) is found in the younger generation (Jung 1995)

! Department of Linguistics, UCLA, 2 Department of Korean, Inha University, Korea.
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Historically, in Middle Korean, A (known as alae a ‘below a’, named after its location in
the old hangul paradigm) contrasted with o in rounding and in vowel height (Jung 1995), but it
disappeared in Standard Korean in the late 1800s (Lee 1972, Huh 1980). (Note that the symbol A
is used to refer to the unrounded counterpart of o simply for the sake of simplicity, but its exact
phonetic values in the vowel space may not correspond to those of A in the IPA vowel chart.)

In Cheju, however, it has been claimed that A has not been completely lost, and still
contrasts with o in the speech of the older generation of Cheju speakers, as exemplified by the
minimal pair tol ‘rock’ and tal ‘moon’ (Jung 1995). The presence of A in the speech of these
speakers would allow us to have some insight into the nature of this sound in middle Korean.

The other vowel that exists in the 9 vowel system but not in the 7 vowel system in Cheju
is the mid-low or low front vowel &, which is sometimes transcribed as €. In this paper, we will
use 2 for this mid-low front vowel, noting, however, that we are not suggesting that this vowel is
the equivalent of the English vowel ‘a’ as in ‘apple’ which is often transcribed with the symbol
®. The merger of e and @ is in progress in Cheju Korean (Jung 1995), and this is believed to be
also true in Seoul Korean (Hong 1991, Kang 1996).

The phonetic structures of Cheju vowels have not been intensively studied. The only
acoustic study that we have found in the literature is by Kim (1980). Kim reported F1 and F2
values of vowels in various phonetic contexts from one male speaker, 80 years of age at the time
of recording in 1969. The speaker had not been exposed very much to (Seoul) Korean. The
average values of F1 and F2 for monophthong vowels as reported by Kim are plotted in Figure 2,
where the vertical axis shows F1 values and the horizontal axis shows F2 values in Hz. As can
be seen in the figure, these vowels are quite symmetrically distributed in the F1-F2 plane, and
there are clear differences between € and @& and between 0 and A.

2500 2000 1500 1000 Hz
200

-300

-400

-500

x -600
A -700
-800

-900

100

Figure 2. The formant values of 9 vowels produced by an 80 year old male speaker as of 1969.
The formant values of each vowel are based on the mean values in H.K. Kim (1980).
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2. Procedure

This paper is based on recordings of eight male speakers of Cheju. Three speakers (S1-S3), aged
55, 61 and 68, were recorded in Cheju city, and the other five speakers (S4-S8) were recorded in
the more mountainous area of southern Cheju (Namcheju-kun), in two villages: Shinrye-ri and
Uikwi-ri. The five men in this region were between 66 and 74 years old. All the speakers
understood Korean, were literate, and above average in their socioeconomic status. Each of the
eight speakers was recorded using a close-talking, noise-canceling Shure microphone and a Sony
DAT recorder. Further details of the recording procedures are given in Cho, Jun and Ladefoged
(to appear, this volume), a paper discussing the consonants of Cheju based on data recorded at
the same time. '

The three sets of words used for the analysis of vowel quality in this study are shown in
Table la-c, in a broad phonetic transcription, using the diacritic ‘*’ to mark fortis obstruents.
The first set has vowels after a velar stop, the second after a denti-alveolar stop. The third set
contains additional words suitable for the e/a comparison. The third column in Table 1a and 1b
indicates which speakers produced which words. Two different words were used for the vowels
i, e, @, 0, u because the speakers from the rural area were not comfortable pronouncing the
words that the speakers in the town had found satisfactory.

Recordings were digitized into a computer at a sampling rate of 10 kHz. The first two
formant frequencies were measured using the Kay Elemetrics MultiSpeech system. For each
token, a steady state portion was found near the mid point of the vowel, and superimposed LPC
and FFT spectra were calculated with 30 ms and 25.6 ms frames, respectively. The formant
values were usually determined from the LPC spectra (with 12 or 14 coefficients), using the FFT
spectra (and sometimes formant history tracking) as supplementary checks.

Table 1. Words recorded for the analysis of vowels in a word initial syllable. -
(a) After velar stop

Vowel | Words in isolation | Speakers | Gloss

i K*iomtfa S1-83 ‘to fit’
k*itfimalla S4-S8 ‘don’t fit it’

e k*eomtfs S1-S3 ‘to break (glass)’
k*etfimalla S4-S8 ‘don’t break it’

p: kaeamsoa S1-S3 ‘to clear (sky)’
kaetfimalla S4-S8 ‘don’t fold (a blanket)’

| k*ila all to turn off (light)

2 kalla(ke) all to hang

a kalk*aja all to plow

A kalla all to grind (knife)

0 k*oamtf>s S1-S3 to twist (knot)
k*otfimala S4-S8 not to twist (knot)

u k*uomtfo S1-S3 to dream
k*utfi anjottfs S4-S8 (I) did not dream
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Table 1. Cont'd

(b) After denti-alveolar stop

Vowel | Words in isolation | Speakers Gloss

i t¥i all band (waist)

e teottfo S1-S3 | to get burned
t*etfimalla S4-S8 | not to take off

* taeattfo S1-S3 | to touch
tet{imalla S54-S8 | do not touch

i tilottfd all to encumber money

) thalattfa S1-S2 [to dust
thalopulla S3-S8

a thattfo all to burn

A talattfo all to sew on a button

0 tolattfa all to go around

u tuastfs S1-S3 [to place
tutfimalla S4-S8 | do not place

(c) Front mid/low vowel pairs in monosyllabic words

Vowel | Words in isolation | Gloss

e pe hemp cloth

*® pe thick rope

e se tongue

*® s material (roof)

e khe(ta) to chap

= kha(ta) It is k"® (game)!
3. Results

Figure 3 shows the vowel distribution across speakers and consonants (t and k) in the plane of
the first two formants of the vowels, plotted on a Bark scale, using the UCLA Plot Formants
program. This program was also used to draw ellipses with a radius of two standard deviations
along the axes of the first two principal components of the distribution.

This plot appears to show that there is considerable confusion among these vowels. The
vowel space between e and & and between o and A is substantially overlapped and there is a
large variation for u in the F2 dimension. In what follows, we will examine the distribution of
vowel space and the variability of front/back mid vowels and u, considering factors such as
speaker, region, and segmental context. When we do so, it will be apparent that much of the
confusion can be resolved.
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Figure 3. Formant plot of Cheju vowels across speakers and consonantal contexts.

3.1 Front mid vowels: e and 2 distinction
Part of the spread in the data for the € and & vowels can be ascribed to a problem with the word

list. Owing to confusions in the mapping between Cheju sound and Korean orthography, the
words k*eamtfa (recorded by the urban speakers) and k*etfimalla (recorded by the rural
speakers) were written in a way that indicated a pronunciation that might not correspond to their
pronunciation when not reading. . As we do not know how our speakers were affected by the
orthography, we leave these words out of our detailed analyses, focusing on the € and & in /t_/

context.

In order to see whether there were differences between the urban and rural speakers, the
data were submitted to a two way ANOVA with factors Vowel, and Region. With the first
formant (F1) as the dependent variable, there were significant effects for both factors (F(1, 28) =
12,085, p < .001 for the e/ze difference; F(1, 28) = 4.253, p < .05 for the Urban/Rural difference.
For the second formant (F2), none of the factors had a significant effect. Since the Region
significantly influenced the vowel production, the vowels are plotted separated by Region in
Figures 4a and 4b, for the urban speakers and the rural speakers, respectively.

Pairwise posthoc comparisons show that urban speakers did not distinguish between e
and & in both F1 and F2, as seen in Figure 4a, while rural speakers did make a significant
distinction between these two vowels in F1 (p <.0001) as seen in Figure 4b— @ has a higher
average F1 value than e, i.e. & is a lower vowel than e.

When we examine the formant values of e and @& in the monosyllabic words (Table 1c,
Figure 6), it is clear that the rural speakers fully distinguish these two mid front vowels, but the
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urban speakers, even though they were in their 60’s, do not. For the rural speakers, F1 is
significantly greater for @ than for e, and has a similar value to that in the @& produced by the 80
year old speaker in 1969, as shown in Figure 2. However, our data suggest that even the rural
speakers of Cheju do not make a distinction between e and # as clearly as the distinction made
50 years ago.

3.2 Back mid vowels: 0 and a distinction

Figures 4 and 5 show that there is a difference between o and A for both urban and rural
speakers. The urban speakers make the o/A distinction by employing an F2 (backness)
difference. As can be seen in Figures 4a and 5a, they tend to make o less front than A. This
difference was significant only in the /k_/ context (t=3.107, p = 0.01), but not in the /t_/ context.
On the other hand, the rural speakers make the o/A distinction by employing an F1 (height)
difference. As shown in Figures 4b and 5b, A is generally lower than o and the differences are
significant in the /t_/ context for all six speakers. In the /k_/ context, all but one speaker (S6)
showed a significant difference in F1 (t=2.522, p = .0244). It seems that this distinction is in the
process of being lost among urban speakers, even those in their 60s, but is better preserved
among rural speakers of a similar age, although one of the rural speakers did not show any
difference at all—again indicating a move towards a merger, even by the rural speakers.
However, the distinction is not as clear as it was a half a century ago (see Figure 2 for the result
reported in Kim, 1980). The rural speakers seem to lower the rounded mid back vowel, o, and
raise and retract the unrounded vowel, A, compared to the earlier data, thus weakening the
contrast between these two vowels in both the height and the front/back dimension.

3.3 The variability of u

As noticed earlier in Figure 3, there is great variation in the distribution of tokens for u. A
comparison of the four graphs in Figures 4 and 5 shows that rural speakers have more variation
than urban speakers. In both speaker groups, u is fronter (i.e., higher F2 values) in t_ context
than k_ context (F (1, 28)=17.532, p < 0.001), but the degree is much stronger in the rural
speakers’ data. In addition, the frontness of u in each context is stronger in rural speakers’ data
than in urban speakers’ data. Much of this variation is due to the coarticulatory effect of the
adjacent segment. Figure 7(a) shows the effect of the preceding consonant on the formant value
of u in two different following contexts (before o in the left panel, and before tfi in the right
panel). The arrows indicate fronting of u when it is in t_ context compared to when it is in k_
context. In other words, speakers make u more fronted after the front consonant t, and such
fronting is not made when the preceding consonant is k.

In addition to the fronting due to the preceding context, the data also show that F2 values
of u are influenced by the following context. The urban speakers produced u in words where the
following context is @ as in tuattfa (‘to place’) and k*uamtfa (‘to dream’) while the rural
speakers produced u followed by tfi as in tutfimalla (‘do not place’) and k*utfi anjottfa (‘(I)
did not dream’). This different context significantly influenced the production of u. Figure 7b
illustrates that u is more fronted (with a greater F2) when followed by tfi than when followed by
9, and this is statistically significant (F (1, 28) = 31.124, p < .0001 for F2). This suggests a
significant effect of anticipatory coarticulation between u and the following segment, and
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explains why rural speakers show more context effect in the F2 dimension than urban Speakers.
In sum, the variation of u is due to the coarticulatory effect of adjacent segments, and the
difference between urban and rural speakers is not related to a regional feature, but is caused by
different word sets. Our data show that in general other back vowels are also fronted by the
following tfi context, but the effect is especially large in u.

(a) Plot of vowels in /t_/ for the Urban (b) Plot of vowels in /t_/ for the Rural
2500 2000 1500 1000 500 2500 3000, 1500 1000 500
<00 200
300 300
400-‘ | 400
500 500
6001 600
1 700 | 700
800 800
a0n ann
Figures 4. Formant plots of vowels in /t_/ context for (a) the urban speakers and (b) the rural speakers.
(a) Plot of vowels in /k_/ for the Urban (b) Plot of vowels in /k_/ for the Rural
2500 2000 1500 1000 500 2500 2000 1500 1000 500
<00 <00
300 300
ﬂ 400 400
F 500 500
600 600
a a2 a 700 700
aa
800 800
ann ann

Figures 5. Formant plots of vowels in /k_/ context for (a) the urban speakers and (b) the rural speakers.
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Urban speakers (S1-S3) Rural speakers (S4-S8)

(a) in /p_/ context

0 2500 1500
;0,0 Ry B e T30y

-500 -500
4]

600 - < T 600

ke

e &g

2

-700 - -700

&
-ann - . . . . . . . . . . -800

(b) in /s_/ context
2500 2000 1500, 2500 2000 1500
S . . ) f . 400 - S . . . . . 400
-500 -500
-600 -600
-700 -700
-800 - . . . . . . . . . . - 800
(c) in /k_/ context
2500 1500 2500 2000 1500

B . 400 - \ . . . . . . , f f 400
-500 -500
-600 -600
-700 -700

Figure 6. e/& difference in monosyllabic words.
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(a) Effect of the preceding C on u

100 00 1500 1000 500
2000 tsea . Re00 s.‘oo .o 00 asgo o Too0 <00

uin k_»o

-400

uint_o 400 ) i
u in t_d3t

u in k_d3i

(b) Effect of the following V onu

2000 1500 1000 500 2000 ! SOD IOOD 50200

uink_ o
,u1nkd3l E ;’ _300

uint dzi wint?

2 . . ~-500

Figure 7. Variation of u due to the adjacent context, showing coarticulatory effect.

4. Summary and discussion

In this paper, we examined the vowel space of Cheju with a primary focus on e/& and o/A
differences and the variation of u. There is strong evidence that the rural speakers have an e/&
distinction in their clear speech, whereas the urban speakers, even in their 60s, seem to have lost
it entirely. Second, both groups make the 0/A distinction to some extent. The rural speakers
made a consistent distinction in F1, and the urban speakers made a distinction in F2 for half of
the data recorded. Third, we observed a great deal of variability for u, which is primarily due to
coarticulatory effects.

Our data suggest that the mergers of e/& and o/A are in progress in Cheju. Such
transitory status can be seen in that €/& or 0/A distinctions were made by the rural speakers most
of the time, but rarely by the urban speakers of a similar age. This is presumably because the
rural speakers are more conservative, and, as a result, tend to preserve the contrasts. This is
reminiscent of a case reported by Trudgill (1974) where a pattern of merger is detected around an
urban center and spreads to the rural area. Labov (1994, p. 313) explains that “dialect geography
is one of the most powerful tools available for interpreting the past by means of data drawn from
the present.” In other words, by the investigation of the forms spoken in an isolated rural area,
we could possibly infer what the old forms would be like. In fact, some of the e/@ distinctions
made by our rural speakers are very similar to those made by the old speaker in Kim’s 1969
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study. In addition, the direct comparison between the present day urban speakers’s data and the
data in Kim’s 1969 study shows that the merger is in progress.

Our data also suggest that the e/& merger started earlier than the o/A merger in Cheju.
Urban speakers in our study completely lost the e/a& distinction but still partially preserve the o/a
distinction. A supporting example is that there is a complete overlapping for the e/a& pair while a
clear o/A distinction is made by the same urban speakers, as seen in Figure 5a. This supports the
informal observation shared by the researchers of Cheju; it has been believed that in general the
loss of o/A distinction is found among speakers in their mid 50s and younger while the loss of
e/& distinction is found among speakers in their 60s and younger.

It is interesting to note that the order of merger in Cheju between these two pairs is the
opposite of that in Standard Korean. In mainland Korean, the o/A merger occurred in late 1700s
(e.g., Lee 1972; Huh 1980), and the e/& merger has been in progress in the past several decades
(cf. Hong 1991). Jung (1995) posits that the loss of contrast in non-high front vowels (the e/
merger) that is in progress in Standard Korean is driven by pressure from the system. With only
two back non-low vowels (u and o, after the loss of A) and three front non-low vowels (i, e, and
&), the system is loosing the e/a& distinction to make the vowel system more symmetric. Along
the same line, we could posit that in Cheju, the e/& merger started first and the o/A merger
follows to make the vowel system symmetric. It is believed that Cheju lost the e/a& distinction
earlier than mainland Korean due to the confusion in the mapping between sound and the
standard orthography. That is, as mentioned earlier, the vowel & symbol in Korean is sometimes
mapped to Cheju & and sometimes to Cheju e.

4.1. Mechanism of mergers

Now a question arises as to by what route two phonemes become one. Labov (1994, pp. 321-
323) suggested three models to account for different kinds of mergers that have been observed in
sound changes. The first type of merger processes is merger by approximation—i.e., phonetic
targets of two distinctive sounds are gradually approximated until they become non-distinctive.
In this type we expect the two sounds are merged into an intermediate phonetic form. The
second type of merger occurs by means of merger by transfer. This process is a unidirectional
change in which one phonemic category becomes another. In general, merger by transfer takes
place when one form becomes a social prestige, being dominantly used in an established
standard language. The last process is merger by expansion —i.e., the new phonetic space is
expanded to range over phonetic spaces of two phonemes that are merged. In other words, the
new phonetic space falls neither on an intermediate range (as in merger by approximation) nor
on the phonetic space that belongs to either one of the phonemes that are merged (as in merger
by transfer).

It is not entirely clear from the data available to us what kind of merger process is taking
place in Cheju. On the one hand, the new phonetic space for the e/a& for urban speakers as seen
in Figure 4a appears to be best accounted for by the merger-by-transfer model which predicts a
unidirectional change. In other words, the phonetic space of & seems to re-map to that of e.
This can be more clearly seen in monosyllabic words in Figure 6. On the other hand, the o/A
merger show inconsistent patterns between urban and rural speakers. The merger in Figure 4a (as
produced by urban speakers) fits into the merger-by-transfer model—i.e., the tokens are
clustered around the phonetic space for 0. By contrast, the merger shown in Figure 4b (rural
speakers) indicate that, although there is no complete merger, merger-by-approximation appears
to be in progress,—i.e., the phonetic space for 0 is relatively lowered. Though more systematic

90



data are required to examine the exact mechanism of the merger that is in progress in Cheju,
what emerges from the data available is that at least the merger for the urban speakers is best
accounted for by the merger-by-transfer model.

In the next section we will examine vowel spaces in Seoul Korean and Cheju
synchronically and diachronically, and discuss the sound change related to the principles of the
maximal perceptual contrast and minimal articulation.

4.2 Dispersion theory and sound change

So far, we have compared the two pairs of mid vowels in Cheju at two time frames separated by
about 50 years. In this section, we will examine the vowel system of Seoul Korean roughly at
the same time frame as Cheju data, and compare Seoul Korean data with Cheju data. As the
vowel system of Seoul Korean at the two time frames, we will use data from Han (1963) and
Yang (1996).

Middle Korean had A, as in present day Cheju. In late 1700s Seoul Korean lost A (Huh
1980) and now has an 8 vowel system, if they have e/& distinction, or a 7 vowel system, if not
(Kang 1997). Figure 8 illustrates vowel systems of (a) Seoul Korean and (b) Cheju. Figure 8a
compares the present day vowel system of Seoul Korean (Yang 1996) with that in 1960s (Han
1963), and Figure 8b compares the present Cheju data with Kim’s (1980) Cheju data. Note that
the Cheju data from the present study are pooled from both urban and rural speakers except for
[u] which is based on urban speakers’ data only, due to the extreme fronting of rural speakers’
data influenced by the following segments (see section 3.3 and Figure 4b). As a result, both e/
and o/A distinctions are merged in the Present Study plot in Figure 8b.

In Figure 8a, there seems to be a clear distinction between e/& in Yang’s (1996) data (the
mean difference is 99 Hz in F2). However, the large standard deviations (75 Hz and 105 Hz for
e and &, respectively) suggests that the difference is not statistically significant. In fact, Lee,
Kim, and Hong (1997) showed in their study of the vowel qualities of media language that there
is no substantial difference between e and & in the present day Seoul Korean. They also
compared their own media data with Han’s and Yang’s data and showed that the vowel space is
smaller for the normally spoken media data, due to the reduction and the contextual influence. In
sum, Seoul Korean had 8 vowels in 1960s (i.e., Han’s data), and 7 vowels in 1990s (i.e., Yang’s
data), while Cheju had 9 vowels in Kim’s study and 7 vowels (or 8 for rural speakers) in the
present study. '

Lindblom’s revised dispersion theory (Lindlbom 1986; Lindblom and Maddieson, 1988)
predicts that, in a given system, contrastive vowels are spaced with a sufficient contrast. This
principle of sufficient contrast can be observed in the location of the mid vowel a and the low
vowe] a in Seoul Korean and Cheju. First, the vowel a3 in Cheju is mid-central, whereas it is
further back and lowered in Seoul Korean, taking the space of open-mid back vowels in the IPA
chart (1999). This mid-centralness of the vowel 3 is preserved in both the earlier and present day
vowel systems of Cheju. We believe that this is due to the presence of contrast between 9
against o or A in Cheju. In Seoul Korean, on the other hand, it would not be necessary to keep o
in the central position. It seems that 3 is instead moved to the open-mid back position, so that it
could enhance the front/back contrast among vowels and make the system more symmetrical.
That is, the comparison between Seoul Korean and Cheju allows us to infer that 9 has been
shifted from the central vowel space to the mid-back area in Seoul Korean, in order to achieve a
sufficient contrast among vowels, a phenomenon in which the sound change is driven by the
principle of contrast maximization.
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(a) Seoul Korean (b) Cheiu Korean
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Figure 8. Comparisons between (a) Seoul Korean and (b) Cheju vowel systems at two time
frames, current vs. 1960s. The vowel chart for Han (1963) was drawn based on her Informant 1’s
average values and Yang’s (1996) data were based on 30 male Seoul speakers. The Kim (1980)
data were collected in 1969.

Second, as shown in Figure 8b, within Cheju, a in the present study is much higher than
that in Kim’s study (by 139 Hz in F1). As discussed earlier, Cheju in 1960s had a 9 vowel
system and had four vowels contrastive in vowel height, or F1 (e.g., i-e-&-a or u-0-A-a). This 9
vowel system seems to use a larger vowel space especially in the vowel height dimension,
compared to the present Cheju vowel system in which there is a three way contrast in vowel
height (i.e., i-e/&-a or u-o/A-a) due to the merger of e/& and o/A. Reducing the vowel space in
the height dimension in the current Cheju system supports the sufficient contrast principle
instead of the maximal contrast principle as originally proposed by Liljiencrants and Lindblom
(1972). The space reduction in the current Cheju system also supports the principle of
articulatory effort maximization (e.g., Lindblom 1986, 1990; Flemming, 1995). These two
principles together predict that speakers minimize the articulatory effort to an extent that allows a
sufficient contrast. Our data follow these principles. In the 9 vowel system, speakers make more
effort to make an extreme a, or to open their mouth wider, in order to achieve a sufficient
contrast between four vowels that are distinctive in vowel height, whereas in the 7 vowel system,
speakers do not need to make such articulatory effort since less vowel space in height is required
for sufficient contrast between three vowels. These auditorily and perceptually based principles
together with the distribution and the inventories of the vowel system seem to guide the
directionality of the diachronic sound change.
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