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7.1 Introduction

While a sizeable body of literature has documented and analyzed the phono-
logical and morpho-syntactic characteristics of Formosan languages, phonetic
descriptions of these endangered languages are relatively scarce, and few of
these phonetic studies have involved instrumental investigations. This chap-

ter provid Q omprehensive review of each of the major languages described
in Chapte
word prominence, with the goal of identifying areas awaiting further research.

ncluding phonetic characterizations of vowels, consonants, and

Each section presents one language, and the sections are arranged in alphabet-
ical order.

Although the phonetic studies reviewed in this chapter were not conducted
on the same bases, each with its own research goals and methods, our aim
is to make generalizations across these Formosan languages, including ones
about the dispersion of vowels according to the size of vowel inventory (Amis,
Seediq), speakers’ characteristics, and adjacent consonants (Atayal, Saisiyat),
and realization of word-level prominence. These generalizations are discussed
in §7.16.
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We reproduce the phonetic plots from previous works using comparable
scales across languages, based on the raw data either provided by the original
studies or extracted from the original figures using WebPlotDigitizer (Rohatgi
2017). For comparability, we present all vowel space plots with logarithmically-
scaled axes to approximate auditory vowel space (Calamai 2005), even if in
some cases the original plot from previous literature was linearly scaled. We
address the gaps in the literature regarding vowels and word-level prominence
by conducting exploratory acoustic analysee=:sing data extracted from the
online dictionaries of Indigenous languages ( j (henceforth e-dictionaries).
We alternatively stress” or “pitch accent” if the studies being reported com-
mitted to these tl >
committal to the phonological status of these languages (also see discussion in
§8.5 (H_Huang this handbook)). Tokens from e-dictionaries are described as

W highlighte
having penuglt or final stress, under the assumption of a linking hypothesis that

5; “word-level prominence” is otherwise used to stay non-

a stressed syllable has higher Fo than an unstressed one when uttered in iso-
lation in a declarative. We provide only Fo information to describe word-level
prominence, as intensity may be affected by recording quality and background
noise, and duration may be affected by final lengthening and other boundary
effects in the elicitation. The Fo contours were obtained using the Straight algo-
rithm in VoiceSauce (Kawahara et al. 2008, Shue et al. 2011). Mean Fo values
were computed over each of 10 equally spaced time slices from each syllable, as
well as from each onset+nucleus and coda within CVC syllables. Formants were
computed using the Burg algorithm with the default settings in Praat (Boersma
& Weenink 2017). All figures were produced using the ggplot2 package (Wick-
ham 2016) in R (R Core Team 2017). The extracted data, scripts, and output files
used in both our literature review and our analyses of the e-dictionary data can
all be found in the OSF repository at https://osf.io/wgu67/.

7.2 Amis

Central Amis has four vowels /i a u o/ and eighteen consonants /ptk?? ts m
nyvs(y)Hrllwj/, though the velar fricative only occurs in a few loanwords
(Maddieson & Wright 1995). Stress is described as invariably falling on the final
syllable (Maddieson & Wright 1995; J. Wu 2018, p. 15).

7.21  Amis Vowels

Maddieson & Wright (1995) recorded a small group of speakers from the Cen-
tral dialects of Amis (spoken in Kangko and Fengbin, also referred to as Mako-
ta'ay and Kakacawan dialects by Tsuchida (1982)) who produced 54 words with
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identical penultimate and final vowels surrounding the full range of conso-
nants (e.g,, [siri?] ‘goat, [mata?] ‘eye’, [vugus]| ‘head’). The first two formants
(F1 and F2) of /i a u/ in the unstressed penultimate syllable and the stressed
final syllable were measured (Figure 7.1). They hypothesized that, in this lan-
guage with a relatively small vowel inventory, vowels may be produced with
greater variation depending on whether they are in a stressed or unstressed
position, and that variation may occur due to coarticulation with the adjacent
consonants.
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FIGURE 7.1 Amis vowel space

REPRODUCED FROM MADDIESON & WRIGHT 1995, P. 58

The res=lts showed that the distribption stayed relatively compact and (did
not Vccording to stress locatior@tressed penult vs. stressed final) or
adjacent consonants. Maddieson & Wright (1995, p. 63) concluded that “
despite possessing a small vowel inventory, Amis characteristically displays
rather weak coarticulatory effects of consonants on the steady states of adjoin-
ing vowels.” A similar research question was asked by W. Chiang & F. Chiang
(2005b), in which they investigated the vowel space of Truku, a dialect of
Seediq, that may have 3 (/iua/), 4 (/iuao/), or 5 (/i ua e o/) perceptually
distinct vowels in the inventory, depending on the speaker (§7.13.1).

600
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7.2.2  Amis Consonants

Two noteworthy characteristics of Amis consonants have been identified in the
literature: a two-way rhotic contrast (Maddieson & Wright1995) and glottal and
epiglottal/pharyngeal contrasts (Edmondson et al. 2005, Maddieson & Wright
1995).

Amis contrasts two rhotics: an alveolar trill /r/ and a lateral flap /1/, as in
the near minimal pair /paro/ ‘contain’ vs. /pala/ ‘field’/. Maddieson & Wright
(1995) used spectrograms to illustrate that both sounds are characterized by a
dipping third formant (F3, marked with solid arrows); however, the trill /r/ is
typically produced with two or three contacts (Figure 7.2 right, marked with
arrowheads), while the lateral flap /1/ only involves a single short closure (Fig-
ure 7.2 left).
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FIGURE

7.2 Rhotic contrasts in Amis: /pala/ ‘field’ (left) and /paro/ ‘contain’ (right)
THE SOUND FILES WERE OBTAINED FROM THE AMIS E-DICTIONARY

In a laryngoscopic study, Edmondson et al. (2005) examined activity in the
lower throat to characterize glottal and epiglottal contrasts in Central Amis.
They found that [?], a “moderate” glottal stop, is not lexically represented but is
inserted to “wrap” onset-less or coda-less syllables (e.g., ina [?ina?] ‘mother’,
kaen [ka?g @gg}gg&drg{ggfairomal’] ‘other’). The epiglottal stop, however, is
lexically represented and is realized as [?] in onset position (e.g., [?ikoy] ‘to
bend’) but as an aryepiglotto-epiglottal stop [§2"] in word-final position (e.g.,
[riri(?h] ‘grasshopper’). They also found a parallel three-way difference in frica-
tives and proposed that the glottal fricative /h/ contrasts with the epiglottal
fricative /u/, which also has two variants: intervocalic [1] and word-final [#h].
The word-final variants, [{2"] and [uh] are articulatorily strengthened to /2/
and /H/, presumably due tofinal stress@
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7.2.3  Amis Word-Level Prominence

To date, no instrumental studies have been conducted on word-level promi-
nence in Amis. To begin to fill this gap, we examined recordings from the
Amis e-dictionary of isolated C1VC2V(C3) bisyllabic words in which C1 and
C2 were restricted to sonorants (/l m n i w y/) to avoid segmental perturba-
tion of the Fo contour. C3 was left unrestricted so we could examine the effect
of syllable structure on the Fo contour of the stressed final syllable. Of the 77
tokens that fit these criteria, only two had penultimate stress (lolo ‘three’/'pur-
ple’; nima ‘five’); otherwise, stress was on the final syllable. Furthermore, pat-
terns of Fo conditioned by the segmental make-up of the stressed syllable have
been reported independently by different researchers in Puyuma (§7.9.3) and
Saisiyat (§ 7.12.2). Two perceptually identifiable pitch movement patterns were
agreed upon by the authors: for the 75 tokens with final stress, the Fo contours
over the penultimate syllables were consistently low (first sections in Figure 7.3
labeled as C1V1), while the Fo contours of the stressed final syllable were either
characterized as high level, sometimes with a slight fall (27 tokens) or sharp
falling (48 tokens). Mean Fo contours are plotted in Figure 7.3, conditioned
by syllable structure. Ribbons indicate +1 SE about the mean, “S” stands for a
sonorant consonant, and “O” stands for obstruent consonant. 6 tokens from a
speaker with a very low fo range and poor Fo tracking were excluded from the
plot,and 1 CVCVS token which was pronounced with a glottal stop between the
first and second syllables was also excluded due to the resulting perturbation
to the Fo contour.

One important caveat must be mentioned: we do not know how recordings
in the Amis e-dictionary were elicited, so it is possible that the Fo contours
of the isolated words were influenced by phrase-final boundary tones or dis-
course context. There is also no information on the speakers in the database,
so we cannot be certain how many speakers made the recordings we analyzed.
Nevertheless, we found systematic correlations between the syllable structure
and the perceived pitch movement on the last syllable. Namely, among the
tokens ending with a sonorant coda, 31/32 were classified as having a falling
pitch in the final syllable, and only one token was classified as high level. In
contrast, a minority of tokens classified with falling pitch (17/48) ended with
a phonetic glottal stop or word-final obstruent. Among the 43 tokens not end-
ing with a sonorant coda, 26 were classified with high level pitch in the final
syllable: 10/27 of these ended with a phonetic glottal stop and 16/27 with a
word-final obstruent coda. Similar patterns of Fo conditioned by the segmen-
tal make-up of the stressed syllable have been reported in Puyuma (§7.9.3) and
Saisiyat (§7.12.2).



2021134 [BRI-HFLO] 005-CH7-Lu-proef-01 [version 20220225 date 20220225 16:37] page 50

50 LU AND YU

Perceived pitch movement on final syllable —e— Highlevel --e - Falling

CVCV(0) CVevs

150

140 4

130

Mean fo (Hz)

120

110

CiVa C2V2 Civi C2V2 S

10 20 30 10 20 30
Time slice

FIGURE 7.3 Amis word-level prominence
DATA OBTAINED FROM THE AMIS E-DICTIONARY

7.2.4  Other Processes

An emphatic process in Siwkolan Amis (also a variety of the Central dialect) has
been identified whereby the consonant or vowel of the penultimate syllable of
a stative verb is lengthened to show expressive intensification or contrast to
one’s expectation. Acoustic studies on emphasis in Amis (Hsin-yi Chen 2019)
have revealed that 1) the consonants or vowels in the emphatic penultimate
syllables were longer than their non-emphatic counterparts, 2) the emphatic
syllables were also found to carry a rising Fo contour, comparable or even
higher than the stressed final syllable, and 3) the voice quality of emphatic
syllables differed from the non-emphatic ones, with spectral measures Hi-Hz,
Hi-A3, and Hi-A1 lower in the emphatic syllables than in the non-emphatic
ones. In an AXB identification task in which the duration of the penultimate
consonants/vowels and Fo were manipulated, Y. Chang et al. (2019) showed
that native Amis speakers were more sensitive to Fo peaks in the consonant-
lengthening emphatic process, while both duration and Fo cues were reliably
distinguished in the vowel-lengthening emphatic process. They concluded that
vowel lengthening is the default emphatic form while consonant lengthening
is more marked and is mainly used to signal a speaker’s surprise. This finding
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echoes those in other languages (e.g., Finnish, Basque, and Latin) in which con-
sonant lengthening (or “expressive gemination”) was also found for expressive
purposes (Martinet 1937, Rivierre 2001).

7.3 Atayal

The Squliq dialect has 19 consonants /p tk q? ts@) xyhmnygrlwj/. Li
(1980) reported a five-vowel inventory and the addition of /z/ in the consonant
inventory for the Squliq dialect while Lu (2005, p. 22) reported a three-vowel
inventory (see more discussion in §7.3.1) and the lack of /z/ for Mayrinax.
Stress in Atayal falls mainly on the final syllable (L. Huang & Hayung 2018,

p. 16).

7.31  Atayal Vowels

Based on data collected from a small number of Squliq Atayal (Wufeng Town-
ship) and Mayrinax Atayal speakers (Tai'an Township), Y. Chang (2011) reported
that /i/ and /u/ were produced as [e] and [o] when adjacent to /q h/, under a
three-vowel phonemic analysis (/i a u/ as phonemic and [e, o] as allophones).
Results showed that the formant transitions of /i u/ following /q h/ to a steady
state were about 1.5 times longer than /i u/ following other consonant environ-
ments. During this transition, F1 values were higher while F2 values were lower
compared to /i, u/ in other consonantal environments. During the steady state
of the vowel, however, the spectral information did not differ across consonan-
tal environments. Figure 7.4 shows the vowel data produced in h/qV context
(grey) and in other context (black) provided in the study (it was not clear
whether these vowels were produced by a single speaker or by multiple speak-
ers), with formants measured at the vowel midpoint.

Y. Chang (2o11) also conducted perceptual experiments in which ten Squliq
Atayal listeners were asked to discriminate [i, e] and [u, o] embedded as a
final vowel in CVCV stimuli and to rate how good these tokens were in their
language. Four of the ten listeners performed at below-chance levels in dis-
criminability, and discriminability was shown to decrease when the vowels
followed the coarticulated environment /h/. Overall, listeners judged high vow-
els to be better sounds in their language than mid vowels. These results indi-
cate that [e] and [o] may be allophones of /i/ and /u/ rather than emerging
phonemes.
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FIGURE 7.4 Atayal vowel space

REPRODUCED FROM Y. CHANG 2011, P. 4

7.3.2  Other Processes

C.P. Shih (2008) documented the interrogative intonation of four Plngawan
Atayal (C'uli’ dialect) speakers from Wanda, Wushe, Puli and Qin-ai Townships.
Four types of questions were identified: yes-no, tag, alternative, and informa-
tion questions.

Yes-no questions were realized using either a typical declarative intonation
(final falling) with the high-toned sentence-initial question particle ya’ or with
a final rising-falling contour without the particle. Figure 7.5 shows the Fo con-
tours of a declarative sentence (1a) and a yes-no question (1b). The rising-falling
contour in (1b) was realized on the final stressed syllable was. The ya’ yes-
no questions (1c) displayed sentence-final Fo contours similar to those in the
declarative sentence. Fo measurement points were taken at the beginning and
end of each syllable for (1a) and (1b), but at syllable midpoints for (1c).

(1) Plngawan Atayal (C.P. Shih 2008)
a. ba’=cu mawas.
know=1SG. NOM AV:sing
‘I can sing. (p. 11)
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b. ba’=cu mawas?
know=2sG. NOM Av:sing
‘Do you sing?’ (p. 11)

c. ya’ s{undkisli’ mawas ka’ Yuma?
QsT {avylike Avising NOM Yuma
‘Does Yuma like to sing this song?’ (p. 101)

Another distinct final rising contour was found for tag questions with the
sentence-final aw (Figure 7.5, tag question, Fo peaks measured for each syl-
lable). In an alternative question construction in which two yes-no questions
are connected, the first clause had the typical yes-no final rising-falling contour
while the second had a final falling contour with the sentence-initial ya’ par-
ticle, similar to the ya’ yes-no contours in Figure 7.5. C.P. Shih also described
the wh-question intonation of information questions, which ended with a high
rising contour.

Sentence — declarative --- yes-no --- ya'yes-no - - tagquestion

3507

300 4

Mean Fo (Hz)
3

200 1

150 T T T T T T T

Measurement point

FIGURE 7.5 Plngawan Atayal question intonations
REPRODUCED FROM C.P. SHIH 2008, P. 94
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7.4 Bunun

Isbukun Bunun has three vowels (/i a u/) and sixteen consonants (/ptkq?bd
tsvdshmnuyl/). Stress has been reported to predominantly fall on the penul-
timate syllable (Huang 2008, Lin 1996, Zeitoun 2000 [based on Tumpu dialect
in Nantou], Yu 2009, p. 17 [based on the Isbukun dialectal variety spoken in
Namasia, Kaohsiung]).

7.41  Bunun Vowels

Yu (2009) recorded 28 Isbukun Bunun speakers (14 female, 14 male) from
Namasia District in Kaohsiung, producing a list of words with the three con-
trastive vowels /i a u/ balanced across prosodic positions (word-initial, word-
medial, word-final). Mean F1 and F2 values were obtained and plotted (see
Figure 7.6a). After comparing the values of the two formants from each vowel
against those in Hakka, Southern Min and English, Yu (2009) concluded that
the vowel spaces of these languages are similar.

300 4

400 4

900

1000 A

1100 -

1200 -

T T T T T T T
3000 2500 2000 1500 1250 1000 750

F2 (Hz)

FIGURE 7.6A  Isbukun Bunun vowel space
REPRODUCED FROM YU 2009, PP. 113-140
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Maddieson et al. (1995) recorded g female speakers and 6 male speakers from
Chohsi (or Zhuoxi) and Kufeng villages (Central and Southern dialects) and
reported a comparable vowel space to the one in Yu (2009), as shown in Fig-
ure 7.6b. The data were estimated from the figures in Maddieson et al (1995)
and are available in the online OSF repository.
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FIGURE 7.6B  Central and Southern Bunun vowel space
REPRODUCED FROM MADDIESON ET AL. 1995, P. 26

7.4.2  Bunun Consonants
Yu (2009) recorded the same 28 Isbukun Bunun speakers producing words with

one of five stops /p t k b d/ as the onset of the final or penultimate syllable.
The results (Figure 7.7) showed that the contrast is best described as pre-voiced
versus short-lag voice onset time (VOT). VOT also increased with more poste-
rior places of articulation, a universally observed tendency. Acoustic analyses
of fricatives and nasals were also provided.
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FIGURE 7.7 Isbukun Bunun stop voice onset time

REPRODUCED FROM YU 2009, PP. 113—140

Maddieson et al. (1995), recorded the same 15 Bunun speakers described
above and reported similar VOT values for the voiceless stops. However, using
acoustic and aerodynamic data, Maddieson et al. (1995) describe the voiced
stops /b d/ as implosives /b dJ. Variation was also observed, mainly to facilitate
voicing: prenasalization was observed for /6/ while lateralization was observed
for /d].

7.4.3  Bunun Word-Level Prominence

We failed to find instrumental studies on Bunun word-level prominence and
thus examined Bunun recordings in the e-dictionary of isolated words in the
shape of C1VC2V(C3), in which C1 and C2 were restricted to sonorants (/l mn
y/) and C3 was left unrestricted, following similar selection criteria as in § 7.2.3.
The resulting list of 27 Bunun tokens included words with multiple meanings
(e.g., luly; ‘cheekbones’ and lulu, ‘wound’); each meaning variant was asso-
ciated with a different recording file in the e-dictionary and were included
as separate t s. One token (liliu ‘fly (bug)’) had final stress; the remain=
ing 26 tokenﬁ a stressed penultimate syllable were perceived as having
high level pitch on the penult. The remaining 19 were perceived as having
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rising pitch on the stressed penult. Due to the small number of tokens, we
show individual Fo contours in Figure 7.8 rather than the mean. There was
no evidence that the category of perceived pitch movement on the penult
varied systematically with syllable structure; if anything, it seemed to vary by
speaker.

Perceived pitch movement on penultimate syllable —e— Highlevel --e -
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FIGURE 7.8 Bunun word-level prominence

DATA OBTAINED FROM THE BUNUN E-DICTIONARY

7.5 Kanakanavu

Kanakanavu has six vowels (/i e u o a i/) and twelve consonants (/p tk? ts v
smnyr /) (Hsuan-ju Chen 2016, pp. 9-11). Word-level prominence has been
reported to fall mainly on the penultimate syllable, though it may also fall on
the antepenult or final syllable depending upon processes such as final echo
vowels, monophthongization of long vowels, or vowel deletion (Hsuan-ju Chen
2016, p. 84).
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7.51  Kanakanavu Vowels

No instrumental investigations of Kanakanavu vowels were found in the liter-
ature, so we selected 44 bisyllabic (C1V1C2V2(C3)) or trisyllabic (C1V1C2V2C3
V3(C4)) tokens from the e-dictionary to provide a preliminary characterization
of Kanakanavu vowels. C1 and C2 were restricted to stops /p tk/ to facilitate the
segmentation of the stressed vowel. /?/ was excluded to avoid glottalization of
the vowel. Unfortunately, very few /e, o/ exemplars met these requirements.
F1 and F2 values were measured at the midpoint of the stressed vowels (Fig-
ure 7.9). (F2 and F3 data and plots are available in the OSF repository, as well,
and are available in general for all languages with data for vowel space plots
obtained from the e-dictionary.) All tokens were spoken by speakers we per-
ceived to be men.

300 4

400 4

F1(Hz)

—~ 500 ee

600

7004 o

800

900

1000 A

2500 2000 1500 1250 1000 750 600

F2 (Hz)

FIGURE 7.9 Kanakanavu vowel space
DATA OBTAINED FROM THE KANAKANAVU E-DICTIONARY
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7.5.2 Kanakanavu Word-Level Prominence
S. Chen (2016) recorded six Kanakanavu speakers (3 female, 3 male) from
Namasia Township in Kaohsiung producing two-, three-, and four-syllable
words with prominence on the final or penultimate syllable (two-syllable
words) or on the penultimate or antepenultimate syllable (three- and four-
syllable words). With Fo maxima measured for each syllable, Fo peak was
shown to be a consistent indication of stress (Figure 7.10). Duration may also
reliably signal stress on non-final syllables, as shown in Figure 7.11)

hing parenthesis

Stress =mm antepenult == penult final

180

160 -

Mean fo (Hz)

140 -

4 3 2 1
Syllable number (counting from right edge)

FIGURE 7.10  Kanakanavu word-level prominence signaled by Fo
REPRODUCED FROM S. CHEN 2016, P. 685
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FIGURE 7.11  Kanakanavu word-level prominence signaled by duration and paneled by stress position

REPRODUCED FROM S. CHEN 2016, P. 686

7.6 Kavalan

Hsinshe Kavalan has four vowels (/i u a 9/) and sixteen consonants (/p tk q
B mn 1 rdw j/) that are yet to be explored instrumentally. Word promi-
nence has been reported to fall invariably on the final syllable (F. Hsieh 2018,

p-19).

7.61  Kavalan Vowels

To the best of our knowledge, no instrumental studies on Kavalan vowels
have been conducted to date. For an initial characterization of Kavalan vow-
els, we selected 51 bisyllabic C1V1C2V2(C3) items from the e-dictionary with
C2 and C3 restricted to /p, t, k/ and V1, V2, and C1 unrestricted. As before (see
§7.5.1), stops were chosen for clear segment boundaries between consonants
and vowels. The uvular stop /q/ was excluded to avoid coarticulatory effects
that have been observed in otherlanguages (e.g., Atayal, § 7.3.1; Saisiyat, § 7.12.1).
F1and F2 were measured at the midpoint of the stressed vowel (V2). When for-
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mants from multiple speakers with very different vocal tract lengths are plotted
together, they are often normalized for comparability, or plotted by individ-
ual speaker. Since the e-dictionary did not identify which speaker produced
which token, we could only make a rough attempt to do this by listening for
different voices and noting salient differences among them, such as perceived
gender. Figure 7.12 shows the vowel space based on our sample set from the
e-dictionary.

speaker ® men ® women

300 4

400 -

500 -
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700 -
800 H
900 4
1000
1100 -
1200 -
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1400
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T T T T T T T T
3000 2500 2000 1500 1250 1000 750 600

F2 (Hz)

FIGURE 7.12  Kavalan vowel space

DATA OBTAINED FROM THE KAVALAN E-DICTIONARY

7.6.2  Kavalan Word-Level Prominence

Many of the sound files obtained from the e-dictionary that met the require-
ments described in §7.2.3 were obviously produced with rising listing into-
nation (especially those of one particular speaker), rather than typical falling
declarative intonation. We selected 33 tokens with falling intonation; of these,
only one had penult stress (wama ‘only’), which was excluded from the analy-
sis. Individual Fo contours are shown in Figure 7.13. Among the remaining 32
tokens, the stressed final syllable was perceived as having falling pitch in all but
four tokens. These four tokens were all CVCV tokens produced by (a) speaker(s)
with a low Fo range (possibly male speaker(s); note that the identification of
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the speakers was not possible from the e-dictionary), which were perceived to
have high level pitch on the final syllable. The other speaker(s) with a higher
Fo range (possibly female speaker(s)) did not produce any tokens perceived
to have high level pitch on the final syllable. Note that one token perceived as
high level (mali ‘ball’) had tense voice quality at the end of the second syllable,
which may have contributed to the sharp drop in Fo there as estimated by the

Straight algorithm.
Perceived pitch movement on final syllable - -e - Highlevel —e— Falling
CVCV(0) CVCVS

100 4

10 20 30
Time slice

FIGURE 7.13  Kavalan word-level prominence
DATA OBTAINED FROM THE KAVALAN E-DICTIONARY

7.7 Paiwan

Piuma Paiwan has four vowels (/i u a 9/) and the largest consonant inventary
among the Formosan languages, with 23 consonants (/ptckq?bd djgl>=5 z
mnr|£wj/). Stress is described as falling on the penultimate syllable, unless
the penultimate vowel is a schwa (which repels stress) or the final vowel is long
(which attracts stress), in which case stress is on the final vowel. (C. Chen 2009,
S. Shih 2019, Yeh 20m).
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7.71  Paiwan Vowels

Maddieson et al. (2004) presented data from two Southern Paiwan speakers
(Mudan dialect) and presented vowel formants from the steady state and their
corresponding durations. The formant results (Figure 7.14) from 1 woman and
1 man showed that, among the four phonemic vowels, /i/ was the least vari-
able, /u/ was produced with a lower tongue height, indicated by higher Fi,
and /a/ was a low central vowel. Furthermore, the results showed that /a/ was
most affected by consonant context, indicated by the dispersed space in Fig-
ure 7.14.

Speaker -- Female — Male

225 -

300 4
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500 4

F1 (Hz)

600 4
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800
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FIGURE 7.14  Paiwan vowel space
DATA OBTAINED FROM MADDIESON ET AL. 2004

Maddieson et al. (2004) attributed the high variability of /a/ partly to its rela-
tively shorter duration, as shown in Figure 7.15.



2021134 [BRI-HFLO] 005-CH7-Lu-proef-01 [version 20220225 date 20220225 16:37] page 64

Duration (ms)

[*
[e)
1

64 LU AND YU
T T T T
a E] i u
Vowel

FIGURE 7.15  Paiwan vowel duration

DATA OBTAINED FROM MADDIESON ET AL. 2004

S. Shih (2018, 2019) further identified three types of schwas in Piuma Paiwan
based on their prosodic status: 1) non-moraic schwas which repel stress (e.g.,
[k(ri:)] ‘small’), 2) bimoraic schwas which occupy the head of a foot (e.g,
[[P(£3:t] 1lip’), and 3) monomoraic schwas which occupy the non-head of a foot
(e.g, [(ti.lek)] ‘to direct’). This three-way contrast among schwas was based on
a three-way durational difference compared with a control vowel /u/ in compa-
rable positions. S. Shih (2018) recorded two native Piuma Paiwan female speak-
ers who produced 50 disyllabic words with either /a/ or /u/, and with stress on
either the penultimate or final syllable. The results (Figure 7.16) showed that
there was only a two-way duration contrast for /u/ but a three-way contrast for

/a].
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FIGURE 7.16  Three-way duration contrast of Piuma Paiwan schwas
DATA OBTAINED FROM S.H. SHIH 2018, PP. 96-110

7.7.2  Paiwan Consonants

Paiwan has a three-way coronal contrast /d d /. Maddieson et al. (2004) used
spectrograms to show that vowel transitions into these consonants are all char-
acterized as F2 rises and F3 and F4 lowering. The releases, however, are dis-
tinct for all three consonants. The dialect described in Maddieson et al. (2004)
is Southern Paiwan spoken in the township of Mudan. The data below were
obtained from the Paiwan e-dictionary, which is based on Northern Paiwan, a
variety that also has the same three-way contrast.

Maddieson et al. (2004) showed that velar and uvular stops /k, q/ are distinct
acoustically as well (in some Central and Southern dialects). Vowel transitions
into the velar stop are characterized by velar pinch of F2 and F3 and low F1
while transitions into the uvular stop are characterized by diverged F2 and F3
and higher F1, as shown in Figure 7.18. The sound files below were obtained
from personal communication with Shih-Chi Yeh. These data were collected
for Yeh (2018).

As in Atayal and Saisiyat, vowels preceding uvular consonants exhibit strong
coarticulatory effects not observed in other consonant contexts (Maddieson et
al. 2004).
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FIGURE 7.17  Three-way coronal contrast of /d d 3/ in Northern Paiwan: /pudek/ ‘belly button’ (top left),
/puju/ ‘mat’ (top right) and /kudav/ ‘ten thousand’ (bottom)
DATA OBTAINED FROM E-DICTIONARY
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FIGURE 7.18  Velar and uvular stops in Southern Paiwan: /kaka/ ‘sibling’ (left) and /qaqa/ ‘crow’ (right)
DATA OBTAINED FROM YEH (2018)
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7.7.3  Paiwan Word-Level Prominence

C. Chen (2009) recorded 30 disyllabic tokens from a Piuma Paiwan woman
speaker to investigate acoustic correlates of word-level prominence. The results
showed that Fo is a reliable indication of prominence in isolated words (Fo
mean for stressed syllables = 222 Hz and unstressed syllables = 179 Hz) while
duration is generally not, due to final lengthening. C. Chen (2009) further
compared three Paiwan dialects by recording six speakers from the Sandimen,
Piuma, and Mudan villages. Based on their recordings of 48 items, Fo was again
shown to be a consistent correlate for word-level prominence while duration
was not. S.H. Shih (2018) measured F1, F2, Fo, duration and intensity of /u, 8/ in
prominent and non-prominent positions, confirming C. Chen’s (2009) finding
that Fo is a strong correlate of prominence (Figure 7.19). However, contrary to
what was found in C. Chen (2009), S. Shih (2018) reported that duration is a reli-
able cue for prominence in comparisons of word-final stressed and unstressed
vowels (Figure 7.16, final stress). Additionally, stressed vowels were found to be
produced with greater intensity. In the two vowels examined by S. Shih (2018),
stressed /o/ was lower in intensity than unstressed /a/, while /u/ did not show
acoustic differences due to stress.

Stress == penultimate final
two syllable three syllable four syllable
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Normalized time

FIGURE 7.19  Normalized Fo trajectories in tokens with penultimate and final stress in two-, three-, and
four-syllable words in Piuma Paiwan schwas
REPRODUCED FROM S.H. SHIH 2018, PP. 89—92
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7.8 Pazeh and Kaxabu

Pazeh an@ four vowels (/iu a a/) and eighteen consonants (/ptk?bd g@
xhmn g rl/). Stress is described as falling on the final syllable (Li & Tsuchida
2001, p. 3). Except for the loss of /r/, the phoneme inventory of Kaxabu is iden-
tical to that of Pazeh. Since no instrumental studies have been conducted on
Pazeh, nor is there an available e-dictionary, we report some measurements of
word-level prominence in Kaxabu, a dialect close to Pazeh (Lim 2016, p. 85).

Lim (2016) consulted 10 native Kaxabu speakers and reported three Fo con-
tour shapes for word-final prominence: Speakers aged 80o—go implemented
word prominence as high, whereas older speakers (9o+) realized it as falling.
Some speakers, however, irregularly realized word-final prominence as either
high or falling. One of the most fluent speakers consistently realized all final syl-
lables as high except for ones ending in fricatives, which were realized as falling.
Figure 7.20 shows two smoothed Fo curves of this speaker plotted based on two
disyllabic words ending in fricatives (low-fall type) and eleven disyllabic words
ending in non-fricatives (low-high type). The first syllables were consistently
realized as(1o

Type wm low-fall === low-high

120

110 9

100 A

Mean Fo (Hz)

907

804

FIGURE

T T T T T
0.00 0.25 0.50 0.75 1.00

Time
7.20  High and falling realizations of word-final prominence in Kaxabu
REPRODUCED FROM LIM 2016, PP. 91-96
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Beyond word-final prominence, Lim (2016) also observed quantity-sensitive
stress assignment. Specifically, when an initial syllable is heavy (i.e., long vowels
or diphthongs), it is realized (asfhigh

7.9 Puyuma

Nanwang-Puyuma has four vowels (/i u a 9/) and eighteen consonants (/p t tk
?bddfg nyrl|wj/). Stress consistently falls on the final syllable (Teng
2008, p. 22).

7.91  Puyuma Vowels

We provide an initial characterization of Nanwang Puyuma vowels based on
79 bisyllabic C1V1C2V2(C3) tokens obtained from the e-dictionary. C2 and C3
(if present) were restricted to stops /p t k b d g/, and the rest of the segments
were unrestricted. F1and F2 were measured at the midpoint of the vowel in the
stressed final syllable. All tokens were produced by speakers we perceived to be
women.
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FIGURE 7.21  Puyuma vowel space
DATA OBTAINED FROM THE PUYUMA E-DICTIONARY
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7.9.2  Puyuma Consonants

Hsu (2018) reported that the contrast between the two laterals /1 |/ in Nan-
wang Puyuma may be reliably categorized by their F3 and F4 values. In one
speaker’s production of the two laterals, the values of these formants for /1/
were higher (F3: 3100 Hz; F4: 3850 Hz) than those for /|/ (F3: 2700 Hz; F4: 3530
Hz).

7.9.3  Puyuma Word-Level Prominence

In measurements of Fo, intensity, and duration for some representative Nan-
wang Puyuma tokens, Teng (2008, pp. 22—23) showed that intensity and dura-
tion serve as consistent correlates to word prominence, while Fo correlates
may be obscured by other intonational factors. Upon further examination using
data (also from the Nanwang dialect) obtained from the Puyuma e-dictionary
using selection criteria similar to those described in §7.2.3, we found 5 ([[ima]
lima ‘hand’, [luwat] lruwatr ‘five, [mamas| mames ‘easy’, manay ‘what/who),
numa ‘sometimes’) out of 61 tokens that had penultimate stress (i.e., higher
Fo on the penultimate syllable than final one); we classified all other tokens
as having either high or falling pitch movement over the final stressed sylla-
ble (Figure 7.22). Among the words not ending in a sonorant coda, 16 with
a final open syllable and 14 that ended with an obstruent coda were clas-
sified as having high level pitch on the final syllable; the remaining 8 were
classified as having falling pitch on the final syllable. All 18 tokens ending
with a sonorant coda were perceived as having falling pitch on the final syl-
lable. (Fo values past the 22nd time slice of 5 of these—/iyay ‘(be) drunk’,
walay ‘thread’, wanay ‘whisker’, yanay ‘brother-in-law’, yawan ‘leader—were
excluded due to misleading, sharp jumps to the Fo contour at the end of
the word from background noise.) As noted earlier, we found similar patterns
according to the segmental make-up of stressed syllables in Amis (§7.2.3) and
Saisiyat (§7.12.2).
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Perceived pitch movement on final syllable - -e - Highlevel —e— Falling
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FIGURE 7.22  Puyuma word-level prominence
DATA OBTAINED FROM THE PUYUMA E-DICTIONARY

710  Rukai

Budai Rukai has four vowels (/i u a a/) and twenty consonants (/p tkb d Qg@
v0@dsmnuyrl|wj/) (Zeitoun 2000). Stress falls primarily on the penultimate
syllable and less frequently on the final or antepenult syllable (Li 1995, Zeitoun
2000, p. 50).

7101  RukaiVowels

We selected bisyllabic C1V1C2V2(C3) items from the e-dictionary (also from the
Budai dialect) with C2 and C3 ranging over all stops except /d/ due to possible
coarticulatory effects from retroflexion. Eight items with extreme background
noise were discarded. F1 and F2 values were obtained at the midpoint of the
stressed penultimate vowel (V1) for the remaining 59 items. Vowel spaas
plotted according to speaker characteristics that we speculatively identified
(Figure 7.23). Note that(the tokens for /o/ on the left panel (men) were not suf-
ficient to draw an appropriate ellipse.
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FIGURE 7.23  Rukai vowel space

DATA OBTAINED FROM THE RUKAI E-DICTIONARY

7.10.2 Rukai Word-Level Prominence

C. Chen (201) reported stress regularization from antepenult to penultimate
due to frequent contact with Paiwan, a language with regular penultimate
stress. Eight speakers of Budai Rukai (4 female, 4 male) were recruited, half
of which were from Budai Village, the other half from Sanhe Village, where Pai-
wan is the dominant language. Their productions of 11 disyllabic words with
penultimate stress and 15 trisyllabic words with antepenultimate stress were
recorded in isolation. The results showed that both groups of speakers consis-
tently produced disyllabic words with higher Fo on the penultimate syllable.
The production of trisyllabic words, however, differed by group. Both man and
woman speakers from Budai Village implemented a higher Fo for the ante-
penultimate syllable, while the men from Sanhe Village shifted the high Fo to
the penultimate syllable (Figure 7.24, lower-left panel). In addition, the dura-
tion of the (stressed) penultimate syllable was longer than the duration of the
final syllable for Sanhe speakers, but the opposite was true for the Budai speak-
ers.
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FIGURE 7.24  Word prominence correlates in Rukai

REPRODUCED FROM C. CHEN 2011, PP. 142—-143

7.11 Saaroa

Saaroa has six vowels: /i u a (¢) (9) i/, with those in parentheses only occur-
ring in loanwords. There are thirteen consonants in Saaroa (/[ptk?tsvsh
m n y r r #/). Saaroa has been reported to contrast vowel length (e.g, /kizra/

non-matching parenthesis

‘vesterday’ vs. /kira/ ‘step on’; /si:ki/ ‘male name’ vs. /tiki/ ‘heart’; /vuiru/ ‘bow’
vs. /vuru/ ‘give (UVP)’ (Pan 2012, p. 31) Stress primarily falls on the antepenul-
timate syllable with words longer than three syllables but on the penultimate
syllable in disyllabic words, which are less common (Pan 2012, p. 33). To the best
of our knowledge, no instrumental studies on Saaroa have been conducted, so
our preliminary characterization of Saaroa vowels and word-level prominence
based on e-dictionary data is provided below.

7111 Saaroa Vowels

We selected all the trisyllabic words (C1V1C2V2C3V3C4) with C1 and C2 re-
stricted to stops (/p t k/). Trisyllabic words were chosen as they are the most
common word size. Among the 52 tokens that fit our requirements, 6 had
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penultimate stress and were excluded, resulting in 46 tokens in total. F1 and F2
values were measured at the midpoint of the stressed vowel (V1) (Figure 7.25).
All tokens were produced by speakers we perceived to be men. From the vowel
space, the /i/ vowel transcribed in the literature may be better transcribed as a
mid-central /a/.

T T T T T T T T
3000 2500 2000 1500 1250 1000 750 600
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FIGURE 7.25  Saaroa vowel space

DATA OBTAINED FROM THE SAAROA E-DICTIONARY

7112 Saaroa Word-Level Prominence

We examined all the recordings of bisyllabic and trisyllabic words in the e-
dictionary with the shapes of C1V1C2V2(C3V3C4) in which C1 and C2 were
restricted to sonorants to avoid segmental perturbation of the Fo contour,
resulting in 11 bisyllabic and 61 trisyllabic tokens. Although the majority of
the selected bisyllabic tokens clearly exhibited penultimate stress (8 out of
1), the Fo contours varied (i.e., 2 tokens with falling-low, 5 with high-low,
and 1 with high-mid). We also observed 3 bisyllabic tokens that seemed to
have final stress (mid-high). The majority of the trisyllabic tokens (52 out of
64), on the other hand, consistently exhibited a high-mid-low pattern, signal-
ing antepenultimate stress as described in the literature (Figure 7.26). That
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being said, 9 tokens were observed with penultimate stress, realized as mid-
falling-low (1 token) or mid-high-low (8 tokens).

Perceived pitch pattern over word —e— HML

200 7

160

Mean fo (Hz)

120 -

Antepenult Penult Final

10 20
Time slice

FIGURE 7.26  Saaroa word prominence
DATA OBTAINED FROM THE SAAROA E-DICTIONARY

7.12 Saisiyat

Saisiyat consists of two dialects, Ta'ai and Tungho. Tungho Saisiyat has been
reported to exhibit four to seven vowels: /i (e) a (&) o o (ce)/ (Deng 2007 and
Tsuchida 1964, among others); the Ta’ai dialect, on the other hand, has the fol-
lowing six vowels: /ia 0 2 ce &/ (Hsieh 2008, p.11). There are sixteen consonants
in Saisiyat (/ptk? 83 /hsmnyrwj/). Word-level prominence falls on the
final syllable (Y. Chang 2011, Hsieh 2008, p. 20).

7121 Saisiyat Vowels

The controversy over the number of underlying vowels stems from the exis-
tence of /oe/ and the status of [e] and [a]. The two vowels, [e] and [a], are
largely in complementary distribution with /i/ and /a/, and their distribution
seems to be partially limited to be adjacent to /h ?/. Y. Chang (2009) collected
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tokens from three speakers of the Tungho dialect. The tokens included vowels
adjacent to various consonants inclufz=g /h ?/. The F2 values for the central
vowels(/s, a/iwere higher around(/h;? gesting that the tongue was fronted
in this context (Figure 7.27). However, (J€; @&/ seem to occupy a region of the
vowel space distinct from that of /i a/. One alternative hypothesis is that, rather
than tongue fronting around/h ?/, pharynx could be constricted, mimicking the

acoustic effect of fronting (cf. Amis).
Environment e h/? other
250
i
300 .
1 o o
i 9
! & = 0
- 1
400 e e
e e

— 9 (0]

N

9
El 500 -
-
=
600 -
& g 4a
700 A P &)
x
800 - a
x
900 -
1000 -
I 20‘00 15IOO 12‘50 IO:)O 75‘0
F2 (Hz)

2500
FIGURE 7.27  Saisiyat vowel space
REPRODUCED FROM Y. CHANG 2009, PP. 4—5
Y. Chang (2009) reported a possible vowel length contrast from the loss of */c/,
e.g, *rima? »/_ima?/ -»[i:ma?] ‘hand’ Two speakers of the Tungho dialect were

recorded producing a list of disyllabic words with the lost */c/ as an onset or
coda in the first syllable. The results showed that vowels with the lost */c/ were

significantly longer than those without it (1.25:1). This difference was treated as
non-phonemic because the durational difference, though significant, was small

in comparison to those in languages with clear vowel length contrasts (see also

Tsuchida 1964, Li 1978, and Zeitoun et al. 2015).
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712.2  Saisiyat Word-Level Prominence

W. Chiang & F. Chiang (2005a) recorded two men (1 from northern Saisiyat, 1
from southern Saisiyat) producing 34 words balanced in length (2—5 syllables)
and prominent final syllable coda type (no coda, nasal coda, stop coda). The
results (Figure 7.28) showed that when the final syllable has a stop coda, promi-
nence (which they typologized as pitch accent) is realized as a high tone, while
a falling tone was observed on final syllables with either nasal codas or no coda.
Duration, too, was found to be longer for the accented syllable, but Chiang &
Chiang (2005a) noted that it may be due to final lengthening. Intensity was not
found to be stronger for the accented syllable relative to the unaccented sylla-
bles.

Coda == nocoda == stopcoda == nasalcoda
2 syllable 3 syllable
160
120 = —~
N\
804 |
40 1
4 syllable 5 syllable
160
120 Rt -
SEeaa \\. —— -ﬁ'-}.;\-_' 5 4
80 1
404
T T T T T T T T T T T T
o 250 500 750 1000 1250 O 250 500 750 1000 1250
Time (ms)

Saisiyat realization of word-final prominence
REPRODUCED FROM W. CHIANG & F. CHIANG 2005A, P. 412

712.3 Other Processes

W. Chiang et al. (2006) investigated the realization of Fo patterns in negative
and affirmative sentences. Two Saisiyat speakers (1 from northern Saisiyat, 1
from southern Saisiyat) recorded 15 affirmative (2a) and negative sentences
(2b) in a question-and-answer paradigm due to the lack of a writing system
in this language.
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(2) a. PoBaj minatinir.
Obay elder.sibling
‘Obay is (someone’s) elder sibling. (W. Chiang et al. 2006, p. 188)

b. PoBaj Pokik minatini?.
Obay NEG eldersibling
‘Obay is not (someone’s) elder sibling. (ibid)

The results Figure 7.29 showed that the subject (e.g., Obay in (2ab)) consistently

carried the highest Fo and intensity in both sentence types, while the sentence-
final element carried the lowest Fo and intensity.

Sentence — affirmative . negative

120 1

80 1

Mean fo (Hz)

40

T T T
subject negator sentence-final element

FIGURE 7.29  Saisiyat Fo and intensity patterns of affirmative and negative sentence
REPRODUCED FROM W. CHIANG ET AL. 2006, P. 121
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7.3 Seediq

Tedava Seediq has five vowels (/i u a e o/) and eighteen consonants (/ptkqbd
g hmnyrlwj/). Word-level prominence invariably falls on the penulti-
mate syllable (H. Chang 2000, p. 48, Li1991). Truku Seediq has a slightly smaller
vowel inventory (/i a 9 u/) and a slightly bigger consonant inventory (/ptckq
bdj?sxyhmnykrwj/).

7131  Seediq Vowels

W. Chiang & F. Chiang (2005b) recorded six native speakers (3 females, 3 males)
of the Truku dialect of Seediq who perceptually categorized native vowels into
three (/i u a/), four (/i u a o/) or five (/i u a e o/) different categories. They
investigated the degree of dispersion in the vowel space and whether it was
related to the number of vowels in the inventory that these native speakers
identified. F1 and F2 were measured at steady state in the stressed penultimate
vowels and the unstressed final vowels in 77 disyllabic words. The results (Fig-
ure 7.30) showed that 1) the 3-vowel inventory (top two panels) exhibits a larger
vowel space than the 5-vowel inventory (bottom two panels), 2) greater dis-
tance occurred between vowels in the 3-vowel inventory than in the 5-vowel
inventory, 3) stressed vowels were more dispersed than unstressed vowels and
4) front vowels produced by the women speakers were more fronted than those
by women speakers. Note that these vowels were categorized by the informants
themselves, and not by the phonological distribution. From visual inspection
of the vowel space, there is some indication that vowels in unstressed syllables
reduce to a three-way contrast for all speakers. But even for stressed vowels,
what were classified as /o/ and /u/, or /i/ and /e/ are non-distinct acoustically.
As previous studies generally reported a five-vowel inventory for Seediq, it is
worth examining if the above mentioned two set of vowels have undergone
merging.
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T T
2000 1500

1000 750

T
500

F2 (Hz)

3000

T

2000 1500 1000 750 500

Truku Seediq three- (top), four- (middle) and five- (bottom) vowel space in

stressed (left) and unstressed syllables (right)
REPRODUCED FROM W. CHIANG & F. CHIANG 20058, PP. 31-36
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Seediq Word-Level Prominence
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As no instrumental studies have been conducted on Seediq word-level promi-
nence, we provide our own preliminary characterization. We obtained 46 bisyl-
labic tokens from the e-dictionary (Tgdaya dialect); as in § 7.4.3, C1 and C2 were
restricted to /1, m, n, 1j, w, y/, and C3 was limited to /s/ (but not other fricatives
due to their effect on voice quality that made it difficult to extract Fo from the
preceding vowels). The stressed penultimate syllable was consistently realized
as rising on all the tokens, as shown in Figure 7.31.

Perceived pitch movement on penultimate syllable —e— Rising

2009

N

=

o

= 120 4

o 5

<

)

=

100 A
Penult Final
T T
5 10 15
Time slice
FIGURE 7.31  Tgdaya Seediq word-level prominence

DATA OBTAINED FROM THE SEEDIQ E-DICTIONARY

20
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714
twenty-one! (/jptkq?’b?'d$0dsfhmnuyrliwj/). Word-level prominence

Thao
Thao has three vowels (/i u a/) and a relatively large consonant inventory of
falls on the penultimate syllable (Tseng 2009, p. 57).

Thao Vowels
For our preliminary characterization of Thao vowels, we used the same selec-
tion criteria as in §7.10.1 for Rukai. 17 tokens were obtained from the e-dictio-

7.14.1
nary.
300 -
400
—
N
LT 5004
=
—
[
600 -
700
a
a
800 4
a at
900
1000
1100 T T T T T T T
2500 2000 1500 1250 1000 750 500
F2 (Hz)
FIGURE 7.32  Thao vowel space
DATA OBTAINED FROM THE THAO E-DICTIONARY

1 Some authors consider that /1/ is actually a loan phoneme, but we will not discuss this issue

here.
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714.2 Thao Word-Level Prominence

Blust (2003, p. 35) noted that word-level prominence is marked primarily by
greater intensity and secondarily by duration. Additionally, we obtained 15
tokens fitting similar criteria to those described in § 7.4.3 (allowing for /l m n
y wyr/ for C1and C2). Of these tokens, only one (/alau ‘bully’) had final stress
based on Fo. The stressed penultimate syllable in the other 14 tokens was con-
sistently realized with rising Fo, as shown in Figure 7.33.

Perceived pitch movement on penultimate syllable —e— Rising

200 9

160

Mean fo (Hz)

120 9

804 Penult Final

5 10 15 20
Time slice

FIGURE 7.33  Thao word-level prominence
DATA OBTAINED FROM THE THAO E-DICTIONARY

7.15 Tsou

Tsou has six vowels (/i u a e o #/) and seventeen consonants (/ptk? b d'ts f
v sz hmny (w)j/). It has been noted, however, that /w/ has a limited dis-
tribution (Wright & Ladefoged 1997). Stress typically falls on the penultimate
syllable (Wright 1994, Wright & Ladefoged 1997, Zeitoun 2005).
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7151  Tsou Vowels

Wright and Ladefoged (1997) recorded thirteen speakers (5 female, 8 male) of
the Tfuya dialect of Tsou, producing eleven words (two tokens for each vowel
except for /i/, for which only one token was recorded due to its restricted dis-
tribution). Note that the x-axis indicating the backnessaf=wowel represents
the difference between F2’ (Fa-+(F3-F2)(F2-F1) [2(Fg-Fi ¢ The results (Fig-
ure 7.34) showed that what 1§ transé;ibeas 215 /e/ is more centralized and closer
to high vowels than to low vowels. They also observed that the speakers tended

to centralize the back vowels.

men women

T T T T T T T T T T T T T T T T
3000 2000 1500 1000 750 500 400 300 3000 2000 1500 1000 750 500 400 300

F2'-F1 (Hz)

FIGURE 7.34  Tsou vowel space in stressed syllables by gender

REPRODUCED FROM WRIGHT & LADEFOGED 1997, P. 992

715.2  Tsou Consonants
Wright & Ladefoged (1997) and Wright (1996) provided detailed phonetic
descriptions of Tsou consonants illustrated with spectrograms, as well as aver-
aged VOT for the three voiceless stops (p: 11 ms, t: 17 ms, k: 28 ms). These values
increase with more posterior places of articulation—a common trend cross-
linguistically.

Ladefoged & Zeitoun (1993) argued against the existence of a pulmonic
ingressive fricative [f] in Tsou as proposed by Fuller (1990). Using methods such
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as asking informants to inhale the smoke from a cigarette, or to put a thin
tube between their lips when producing words containing [f], Ladefoged &
Zeitoun (1993) reported that a puff of smoke or air could be clearly observed
in the production of the sound. That is, there were no signs of ingressive-
ness.

A special characteristic of Tsou is that it allows a wide array of consonant
clusters in the word-initial position (pt, pts, ps, pn, pk, py, p?, ph, ft, fts, fn, fk,
fy, 2, th, vts, vh, bn, mp, mf, mts, ms, mz, mn, m?, mh, tp, tf, tv, tm, tn, tk, tn, t2,
th, tsp, tsf, tsv, tsm, tsn, tsk, tsy, ts?, tsh, sp, sv, sb, sm, sn, sk, sy, s?, nm, nt, ns, ks,
kn, v, yh, ?p, v, ?m, ?t, ?ts, ?s, hp, hv, hm, ht, hts, hn, h?) (Wright 1996, p. 72).
Wright & Ladefoged (1997) noted that clusters beginning with /? h/, in partic-
ular /?p/, /?t/ and /h?/, are not found in other languages. Wright & Ladefoged
(1997) recorded five speakers of the Tfuya dialect (1 female, 4 male) producing
these clusters at different speech rates (fast, normal, slow) and reported that
when the first consonant was a stop, its release rate was 100%, ensuring audi-
bility. They also found that variations in inter-burst-interval between C1 and
C2 were not significant across different speech rates; however, when C1 had
internal cues, there may be a lack of release (for nasals) or an overlap with C2
(for fricatives and affricates), and consistent differences across the three speech
rates were observed.

715.3 Tsou Word-Level Prominence

C.F. Huang (2003) recorded twelve speakers from the Tapanga and Tfuya
dialects (3 female, 3 male from each dialect) and reported the Fo differences: 1)
between the stressed penultimate syllable and the unstressed final syllable in
disyllabic words, 2) across the unstressed antepenultimate, the stressed penul-
timate and the unstressed final syllables in trisyllabic words, and 3) across the
unstressed preantepenultimate, antepenultimate, final and stressed penulti-
mate syllables in four-syllable word. The results showed that stressed penul-
timate syllables in disyllabic and trisyllabic words were realized with higher
Fo than the other syllables. In trisyllabic words, the Fo of the unstressed first
syllable was higher than the unstressed final syllable. In four-syllable words,
speakers variably produced higher Fo on the antepenultimate or preantepenul-
timate syllables than on the stressed penult.

716  Summary

In this chapter, we have summarized the instrumental studies on the pho-
netic features of fourteen major Formosan languages (Amis, Atayal, Bunun,
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Kanakanavu, Kavalan, Kaxabu, Paiwan, Puyuma, Rukai, Saaroa, Saisiyat,
Seediq, Thao, Tsou). When instrumental studies could not be found, we made
our own preliminary characterizations. Despite the fact that these studies were
carried out with different research questions and using different methods, sev-
eral overarching generalizations could be made.

7161  Formosan Vowels

First, as noted in Chapter g, vowel inventories of Formosan languages are rela-
tively small compared to the world average (4.3 vs. 8.7). One common research
question pursued in these previous studies is whether vowel space would be
less dispersed or the coarticulation of vowels would be more readily observ-
able in these languages with small vowel inventories. In their investigation of
(Central) Amis, Maddieson & Wright (1995) found that vowel space is relatively
compact, independent of stress and adjacent consonants (§7.2.1). On the con-
trary, W. Chiang & F. Chiang (2005b) observed that stressed vowels in Truku
Seediq are more dispersed than unstressed ones, indicating that dispersion in
the vowel space is related to the number of vowels in the inventory. Moreover,
vowels were found to be more scattered with a three-vowel inventory than with
a five-vowel inventory identified by the native speakers, and there was a greater
distance between vowels in the three-vowel inventory than in the five-vowel
inventory (§7.13.1).

Along similar lines, Y. Chang (2o11) investigated if vowels are more coartic-
ulated with adjacent consonants, specifically examining two vowels [e o] in
Atayal (Squliq and Mayrinax dialects) that seem to emerge when /i u/ occur
next to glottal /q h/. Results showed that, despite formant transitions being
longer in the glottal environment, spectral information during the steady state
of the vowel did not differ across consonantal environments. Corresponding
perceptual experiments were conducted, in which Squliq Atayal listeners were
asked to discriminate [ie] and [u o] embedded as a final vowel in CVCV stimuli
and to rate how good these tokens were in their language. Though discrim-
inability decreased when the vowels were followed by /h/, overall, listeners
rated high vowels as better sounds in their language than mid vowels, sug-
gesting that [e] and [o] are allophones of /i/ and /u/ rather than emerging
phonemes (§7.3.1). Saisiyat /i/ and /a/ were found to be subject to the same
coarticulation effect, becoming [e] and [a] when occurring next to glottal /q
h/, resulting in a complementary distribution between the two sets of sounds.
Y. Chang (2009) showed, however, that [e &] occupy a region of the vowel space
distinct from /i a/, unlike in Atayal (§ 7.12.1).

The status of schwa, whether it is a phonetic realization resulting from the
resolution of consonant clusters (as in Atayal, Tsou) or it exists in the underly-
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ing representation (as in Paiwan, § 7.7), is also of interest in Formosan phonet-
ics (see more discussion in Chapter 8 (§8.2.6)).

7.16.2 Formosan Consonants

Though Formosan languages offer rich opportunities for consonant research,
instrumental studies on Formosan consonants are scarce. Further research is
needed, for example, on the wide range of liquids (e.g., in Kavalan, Pazeh,
Seediq, Thao, Atayal, Saisiyat, Pyuyma, Rukai, Paiwan; see also relevant dis-
cussion in §810.2.3), the retroflex stops (e.g., in Paiwan, Puyuma, Rukai), and
glide-fricative alternations (e.g, in Atayal; H. Huang 2020).

Whether glides (G) enjoy an underlying status or are derived on the surface
due to well-formedness requirements has been a controversial issue explored
in several previous studies (Tung 1964, Ho 1976, Lin 1996, Wright & Ladefoged
1997; see also the discussion in Chapter g (§9.2.5)). In a cross-linguistic study
of glides in Amis, Bunun, and Tsou, C. Wu (2002) measured the duration of
syllables with glides (CGVC, CGV) and without (CVC, CV, CCV). The results
(Table 7.35) showed that syllables with glides were significantly longer than
those without, segmental durations of CG were longer than those of C, those
of GV were longer than those of V, and those of GV were longer than those of
G. These results indicate that the duration of glides is comparable to that of a
consonant.

TABLE 7.1 lelable durations (in ms) for Amis, Bunun, and Tsou

M 35 changed to 1
CGVC CVvC CGV Ccv
M SD M SD M SD M SD
Amis 319 8.4 214.4 1.9
Bunun 343.1 4.2 311 3.1 230.7 4.7 1717 1.3
Tsou 284.1 2.5 250.8 4.3 264.4 1.8 165.4 2.8

C. WU 2002, P. 74

7.16.3 Formosan Word-Prominence

In exploring data in the e-dictionary, we also identified some patterns in word-
level prominence: word-final stress tends to be realized with falling Fo when
the syllable ends with a sonorant and as high when the syllable is open or
ends with an obstruent, as in Amis (§7.2.3, Figure 7.3) and Puyuma (§7.9.3,
Figure 7.18). W. Chiang & F. Chiang (2005b) made a similar observation for
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Saisiyat (§ 7.12.2). The patterns (i.e., falling vs. high) observed in Pazeh, Bunun,
and Kavalan, however, were based on syllable weight or speakers’ idiosyncratic
characteristics (Pazeh, § 7.8, Figure 7.26) or had no particular correlation with
syllable structure (Bunun, §7.4.3, Figure 7.8; Kavalan, §7.6.2, Figure 7.13). On
the other hand, from the limited data obtained from e-dictionaries, only one
kind of Fo contour shape was observed in Seediq (§7.13.2, Figure 7.31) and
Thao (§7.14.2, Figure 7.33) show only one kind of Fo contour shape (i.e., ris-

ing).

7.16.4 Final Remarks

Finally, there are a few instrumental studies involving second language aspects
of Formosan languages. For example, Lin (2011), Y. Chen (2015) and Chung
(2016) examine high-school-aged speakers of Amis, Bunun and Paiwan in the
vowel production of their heritage languages (L1), Mandarin (L2), and English
(L3), and provide pedagogical implications, such as incorporating perceptual
training into the teaching of English as a foreign language.
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