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Acoustic correlates of rhythmic structure of Vietnamese narrative speech

Anh-Thu T. Nguyén
Mountain Creek, Sunshine coast, Australia

Abstract

This paper reports a study on the acoustic realization of the rhythmic structure
of Vietnamese narrative prose speech. Eight speakers of Saigon dialect read part
(one page) of a short story. Acoustic measurements including duration and
intensity were taken for every syllable of the excerpt. The syllables were
labelled into four types: s is for a monosyllable that stands alone by itself; sO is
for the first syllable of a three-word phrase/chunk in which it is the modifier of
a bisyllabic word (e.g., cai y kien, that au yem); s1 and s2 are the first and
second syllables of a bisyllabic word/chunk (e.g., y kién, au yém). The one-
syllable, two-syllable and three-syllable units/chunks were also labelled
utterance final and utterance non-final. The results showed that for both
utterance medial and utterance final chunks, the monosyllable significantly had
longer duration and stronger intensity than the other syllable types. Within
bisyllabic words, the second syllables had longer duration and stronger intensity
than the first syllables. Within three-syllable phrases/chunks, the first syllable of
a three-word phrase/chunk was not significantly different from the first syllable
of the bisyllabic word and the second syllables of the bisyllabic words/chunks
also had longer duration and stronger intensity than the preceding first syllables.
This result suggests an iambic pattern of acoustic prominence of bisyllabic and
trisyllabic words/phrases in narrative speech.
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1. Introduction

Vietnamese is a contour tone language and has no system of culminative word stress;
nevertheless, it is widely accepted that there is stress in the sense of accentual prominence at the
phrasal level (Thompson, 1965; Nguyén Ping Liém, 1970). Duration, intensity, full tonal
realisation of accented syllables have been observed to be important parameters for describing
stress in Vietnamese (D0, 1986; Chaudhary, 1983; Hoang & Hoang, 1975; Gsell, 1980). Regarding
the stress patterning in utterances, it is generally agreed by some researchers that there is an
alternating pattern of strong and weak syllables. Thompson (1965) stated that the majority of the
syllables have medium stress. In a sequence of syllables, alternating ones are slightly louder (but
not in a distinctive manner): “each pause group has at least one heavy stress and weak stresses are
fairly frequent in rapid passages, rarer in carefully speech” (p. 50). Jones and Huynh (1960) stated
that “normally the stresses in a Vietnamese utterance are conditioned by the junctures,” and
regarded the fundamental stress pattern of Vietnamese as consisting of the alternating occurrence
of a strong and weak stress, with the last word of the phrase receiving a strong stress. Consistent
with Jones and Huynh’s observation, it is remarked by Cao (2003) that due to the demarcative
function of stress/accent in Vietnamese, native listeners tended to hear a juncture after a stressed
syllable even though there is no such pause in reality as examined by spectrograms. In a recent
study, Schiering, Bickel and Hildebrandt (2010) remarked that “Vietnamese provides ample
evidence for a genuine stress domain that is preferably disyllabic and maximally trisyllable. Within
this domain, stress is realised on the final syllable in the default case. Crucially, this domain is
computed irrespective of the morphosyntactic status of its constituent syllables, i.e. stress
phonology does not distinguish between a word-level and a phrasal-level of prosodic structure.
Metrically, polysyllabic words are thus indistinguishable from other combinations of syllables.
Since the most complex structures which are referenced by the rules for iambic rhythm are phrasal,
stress may most adequately be attributed to the prosodic domain of the Phonological
Phrase.”(p.673).

In recent studies on more carefully phonetically controlled and specialized sets of
Vietnamese disyllabic compounds and reduplications, Nguyen and Ingram (20073, b) have found
that there was at least a phonetic tendency for the right hand element of a disyllabic compound
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word to be more prosodically prominent by a number of relevant phonetic measures: greater tonal
fO range, higher intensity, greater duration of the second syllable, and formant measurements
indicative of more centralized vowel nuclei (vowel reduction) on the first syllable. Nguyen (2010)
investigated the rhythmic patterns in Vietnamese polysyllabic words by examining the rhythmic
patterns and their acoustic correlates in polysyllabic reduplicative words (2-,3-,4-,5-,6- syllable
pseudo-words). The results showed that there is a tendency of syllable coupling indicated mainly
by syllable duration pattern and supported by the native listeners’ perception results, suggesting
that polysyllabic words in Vietnamese tend to be parsed into bi-syllabic iambic feet with a
rightward or retrograde rhythmic pattern. In a recent study, Nguyen (2013) examined the acoustic
realization and the perception of the rhythmic structure of Vietnamese folk poems made up of
three-word, five-word, six-word, seven-word, and eight-word lines. The acoustic analysis showed
that the duration and intensity results mirror each other in indicating a strong iambic pattern of
prominence, supporting the literature that a line of folk verse with even number of syllables tend to
have a series of iambs and when there is an odd number of syllables, the line usually ends with an
iamb, not an anapaest (Durand and Nguyén, 1985). Nevertheless, the perception results showed
that listeners’parsing patterns, though to some extent reflect the acoustic patterns, do not strongly
correlate with the acoustic results. This study is a follow-up of the results found in Nguyen (2010)
and Nguyen (2013) that polysyllabic units of speech in Vietnamese tend to be parsed into bi-
syllabic iambic pattern as indicated by the examination of duration and intensity patterns of
syllables in narrative prose speech.

2. Experiment

2.1. Linguistic materials

In other to pursue the aim of the study, part (one page length) of a short story titled 76 di
hoc (I went to school) by Thanh Tinh was used. The excerpts consisted of 372 syllables in total.
The excerpt is in the appendix.

2.2. Subjects

Eight speakers of the Sai Gon dialect (4 males, 4 females) who came from H5 Chi Minh city
participated in the study. They were either visitors or newly arrived immigrants to Australia and
had been in Australia from 2 weeks to 4 years. Their age ranged from 38 to 70 years. Their
education levels ranged from high school to higher degrees.

2.3. Procedure

Subjects were given the short story in print to practice reading before the recording. They
were asked to read the excerpts in a natural narrative manner. Recordings were made in a quiet
room using sound recording and editing computer software PRAAT (Boersma and Weenink, 2007)
at 22050 Hz sampling rate.

2.4. Measurement

The acoustic parameters measured included syllable duration (ms) and syllable intensity (dB).
Temporal variations of FO and tonal shapes are obvious components but will not be treated here
due to the nature of the linguistic material. That is, the examination of tones requires a comparison
and contrast of constant segmental compositions of the target linguistic materials which cannot be
met by the nature of the short story. Peak intensity (dB) in syllables and syllable duration (ms) were
measured manually via Praat (Boersma and Weenink, 2007).

The one-syllable, two-syllable and three-syllable units/chunks of speech were segmented by
the researcher on the basic of auditory signal and spectrogram: cues for segmentation included final
lengthening, pause, FO reset and auditory rhythmic perceptual cues. An example of the segmented
chunks was presented in Appendix 2. The syllables were labelled in a Praat Textgrid into four types
by the researcher based on auditory signal and spectrogram: s is for a monosyllable that stands
alone by itself (e.g. va [and] lai [again], dy[that], t6i [I]); sO is for the first syllable of a three-word
phrase/chunk in which it is the modifier of a bisyllabic word ( e.g., céi y kién, that au yém); s1 and
s2 are the first and second syllables of a bisyllabic word/chunk (e.g., y kién, &u yém). In addition,
utterances were also identified based on the punctuations in the text (periods and commas) together
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with the silent pauses and pitch reset in the speech signal. The one-syllable, two-syllable and three-
syllable units/chunks were also labelled utterance final and utterance non-final. The utterance has
been proposed as the largest unit in the prosodic hierarchy: It is the largest span of application of
phonological rules (Selkirk, 1978, 1980; Nespor & Vogel, 1986; Hayes, 1989) and its boundaries
are sometimes said to be the location of non-hesitation pauses (Hayes, 1989). This unit often
corresponds to a single syntactic sentence, but can include two or more sentences joined into a
single higher-level sentence (Selkirk, 1978). It is noted that all of the utterances in the narrative
were found to be followed by silent pauses and/or with pitch resets.

2.5. Analysis

There were in total 2616 syllables (327 syllables per excerpt x 8 speakers). A mixed (fixed
and random) effects analysis of variance (ANOVA) model, using the restricted maximum
likelihood method (REML) to estimate variance components was used to statistically analyse the
data. The dependent variables were syllable duration and intensity. The fixed effects were syllable
positions (s, s0, s1, s2), segmented chunks (one-syllable, two-syllable, and three-syllable chunks)
and chunk positions (utterance final and utterance non final). The random effect was speakers and
items. Tukey post-hoc tests were carried out to determine the significant differences among levels
of the main effects when necessary.

The use of REML overcomes the potentially serious deficiency of the ANOVA-based
methods which assumed that data are sampled from a random population and normally distributed.
REML also avoids bias arising from maximum likelihood estimators in which all fixed effects are
known without errors, consequently tend to downwardly bias estimates of variance components.
Moreover, REML can handle unbalanced data. The data analysis was carried out using SAS
program.

2.6. Results

2.6.1. Prosodic units

Majority of the narrative speech was segmented as two-syllable units (60.4%), while three-
syllable units accounted for 23.4% and one-syllable unit only 16.2%.

2.6.2. Duration

The three-way mixed effect ANOVA (syllable positions x segmented chunks x chunk
positions) on syllable duration showed a significant effect for the main factor syllable positions: F
(5, 2931) = 9.12, p < .0001, chunk positions F(1, 2931) = 69.77, p<.0001, but no significant effects
for segmented chunks F (2, 2931)= 0.03, p= 0.5 ns. The interactions syllable positions x segmented
chunks x chunk positions: F(1, 2931) = 0.9, p =.09 ns and other interactions were not significant.

A post-hoc Tukey test on the significant differences among levels of the main factor of
syllable positions (figure 1 below) showed that for both utterance medial and utterance final
positions, the monosyllable significantly had longer duration than the other syllable types. Within
bisyllabic words/ chunks, the second syllables had longer duration than the first syllables. Within
three-syllable phrases/chunks in non-final position the first syllable (s0) of a three-word phrase was
not significantly different from the first syllable (s1) and second (s2) of the bisyllabic words and
within the bisyllabic words the second syllable (s2) was significantly longer than the first syllable
(s1). In utterance final position, the first syllable (sO) of a three-word phrase was significantly
different from the first syllable (s1) of the bisyllabic words and within the bisyllabic words the
second syllable (s2) was significantly longer than the first syllable (s1). Generally, the results are
very robust for both utterance final and non-final positions. Utterance final syllables are also shown
to be marginally longer than those at utterance non-final position, indicating a final lengthening
effect.
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Figure 1: Mean duration (ms). s, SO, s1 and s2 are syllable positions in segmented chunks.
1syll, 2syll, and 3syll: number of syllables in chunks.
Non final and final are positions of chunks in utterances. The symbol * means p < 01

2.6.3. Intensity

The three-way mixed effect ANOVA (syllable positions x segmented chunks X chunk
positions) on syllable intensity showed a significant effect for the main factors syllable positions: F
(5, 2931) = 6.16, p < .0001, and chunk positions F (1, 2931) = 68.5, p = <.0001, but no significant
effect for segmented chunks F (2, 2931) = 0.84, p=0.4 ns. The interaction syllable positions x
segmented chunks x chunk positions: F (1, 2931) = 1.31, p =0.2 ns. and other interactions were not
significant.

A post-hoc Tukey test on the significant differences among levels of the main factor of
syllable positions (figure 2 below) showed that in both utterance non-final and final positions, the
monosyllable significantly had stronger intensity than the two other syllable types (sO and s1).
Within bisyllabic words/chunks, the second syllables had stronger intensity than the first syllables.
Within three-syllable phrases/chunks, the first syllable (sO) of a three-word phrase was not
significantly different from the first syllable (s1) of the bisyllabic words and the second syllable (s2)
also had stronger intensity than the first syllable (s1). The results also show that intensity value of
the utterance—final syllables is lower than that of utterance non-final ones, indicating an intensity
declination at utterance final.
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Figure 2: Mean intensity (dB). s, s0O, s1 and s2 are syllable positions in segmented chunks.
1syll, 2syll, and 3syll: number of syllables in chunks. Non final and final are positions of chunks in
utterances. The symbol * means p < 01.

2.7. Discussion and conclusion

In summary the duration and intensity results mirror each other in indicating an iambic
pattern (s2>s1) of acoustic prominence of bisyllabic words/phrases/chunks in narrative speech,
consistent with Nguyen and Ingram (2007a, b) that in a bisyllabic unit of speech, the second
element is more acoustically prominent than the first element. Generally, the patterns of acoustic
results are consistent with the researcher’s segmentation in indicating clear units of one—Syllable,
two-syllable or three-syllable chunks, particularly the final syllable of the speech unit always had
the most acoustic prominence. The results mirror those found in Nguyen (2010) and Nguyen (2013)
that polysyllabic units of speech in Vietnamese tend to be parsed into bi-syllabic (s2>s1) or tri-
syllabic (s2>s0~sl1) iambic feet and when syllables stood by themselves, they tended to be
lengthened to fill the bi-syllabic foot template. This result also reflects observations by Thompson
(1965) and Jones and Huynh (1960) that “fundamental stress pattern of Vietnamese as consisting of
the alternating occurrence of a strong and weak stress, with the last word of the phrase receiving a
strong stress”. The results also support Schiering, Bickel and Hildebrandt (2010) remarks that
“Vietnamese provides ample evidence for a genuine stress domain that is preferably disyllabic and
maximally trisyllable. Within this domain, stress is realised on the final syllable in the default case.
Crucially, this domain is computed irrespective of the morphosyntactic status of its constituent
syllables, i.e. stress phonology does not distinguish between a word-level and a phrasal-level of
prosodic structure. Metrically, polysyllabic words are thus indistinguishable from other
combinations of syllables. Since the most complex structures which are referenced by the rules for
iambic rhythm are phrasal, stress may most adequately be attributed to the prosodic domain of the
Phonological Phrase.”(p.673). It is wondered whether the results of this study is extended to
spontaneous speech which needs to be investigated in future studies.
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Appendix 1: the first excerpt of a short story

TOI BI HOC, a short story by Thanh Tinh

Hang nim ct vao cudi thu, 14 ngoal duong rung nhiéu va trén khong cé nhirg dam may
bang bac, long t6i lai nao nac nhung ky niém hoang mang cua budi tuu truong.

T6i khong thé nao quén dugc nhitng cam gi4c trong sang iy nay ng trong 1ong t6i nhu may
canh hoa twoi mim cudi gitra bau troi quang dang.

Nhiing y tuéng ay t0i chua 1an nao ghi Ién gidy, vi hi ay toi khong biét ghi va ngay nay toi
khong nhd hét. Nhung mdi 1an thdy may em nho ryt ré nap dudi nén me lan dau tién dén truong,
10ng tdi lai tung bung ron ra.

Buoi sang mai hdm ay, mot budi mai day suong thu va gi6 lanh. Me t6i au yém nam tay toi
dan di trén con duong lang dai va hep. Con duong nay t6i da quen di lai Iim lan, nhung lan nay tu
nhién tdi thay la. Canh vét chung quanh t6i déu thay doi, vi chinh long t6i dang c6 su thay di lon:
Hom nay t6i di hoc.

T6i khong 16i qua song tha diéu nhu thang Quy va khong ra ddng nd ho nhu thing Son nita.
Trong chiéc 40 vai du den dai t6i cam thay minh trang trong va dtmg dan.

Doc duong t6i thiy may cau nho trac bang t6i, 40 quan twom tat, nhi nhanh goi tén nhau hay
trao sach vo cho nhau xem ma t6i them. Hai quyen vo méi dang ¢ trén tay toi da bat dau thay nang.
T6i bam tay ghi that chat, nhung mot quyén vé ciing chi ra va chénh dau chdi xubng dét. Téi xoc
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1&n va nam lai can than. May cu di truéc o sach vé thiét nhiéu lai kém ca bit thuéc nira. Nhung
may cau khong dé 16 vé kho khan gi het.

Toi mudn tha sitc minh nén nhin me tdi:

- Me dwa but thuéc cho con cam.

Me t6i cti dau nhin toi véi cap mat that au yém:
- Théi dé me nam ciing duoc.

T6i c6 ngay cai y kién vira non nét vira ngay tho nay: chic chi ngudi thao méi cam noi bit
thudce.

Appendix 2

An example of the segmented chunks

_ Toi/ khong thé nao/ quén dugc/ nhitng cam giac/ trong sang/ ay /ndy no/ trong long t6i/ nhu/
may canh/ hoa tuoi /mim cudi/ gitra bau troi/ quang dang/.
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