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There is no consensus on the nature, or even the existence, of Vietnamese word stress.
While some authors have proposed that it is morphosyntactically conditioned (Thompson
1963, Thompson 1965, Cao 2003 [1978], Ngo 1984), others have adopted the view that
it is consistently word-final (Tran 1967; Nguyén & Ingram 2006, 2007b; Pham 2008;
Nguyén 2010) or that it lacks stress altogether (Emeneau 1951). This is due to the
elusive nature of word prominence in Vietnamese, and to the small number of studies
that tackle the issue experimentally. In this paper, acoustic experiments designed to test
previous hypotheses and tease apart possible types of prominence are presented. Southern
Vietnamese disyllabic words with various morphosyntactic structures were recorded in
controlled environments to test for stress and phrasal effects. Their duration, mean intensity,
mean f0, f0 range and formants were then measured to assess word prominence. Results
suggest that there is little evidence for word stress in Southern Vietnamese and that reports of
final stress can be reinterpreted as phrase-final lengthening. Focus-marking strategies bring
no additional evidence for the existence of stress, but they seem to be partly speaker- and
tone-specific, which supports results obtained in studies of Northern Vietnamese (Michaud
2005).

1 Introduction

There is a puzzling level of disagreement about the status and nature of word stress in
Vietnamese. While some authors analyze the language as stressless, others have proposed
that it has unbounded final stress, bounded iambic stress, or even a morphosyntactically-
conditioned stress system. This lack of consensus is primarily due to the stereotypically
isolating nature of the language: to my knowledge, no morphophonological alternations
or phonotactic distributions that could be used to diagnose word stress have ever been
reported. Another reason why there is debate about the nature of Vietnamese stress is that
different researchers appear to have conflated factors like word stress, focus and phrase-final
lengthening. The main goal of this study is therefore to examine the acoustic properties of a
number of morphosyntactically controlled disyllables to try to uncover hard evidence about
syllable prominence.

The fact that even native linguists fail to agree on the nature of stress in Vietnamese (or
even on its location in specific words) further suggests that even if it exists, it may not be very
salient. This raises two interesting typological issues: (i) How is stress realized in a language
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in which every syllable bears a lexical tone? and (ii) Do all languages have some form of
word stress?

1.1 Stress, stresslessness, and stress in tone languages

There is a certain conceptual vagueness in the use of the term STRESS in the literature
on Vietnamese. To avoid further confusion, Hyman’s (2006) definition of STRESS-ACCENT
will be adopted in this paper. PRIMARY STRESS (or just STRESS, for convenience) is an
indication of

word-level metrical structure meeting the two following criteria:

a. obligatoriness [ ... ]: every lexical word has at least one syllable marked for the highest degree of metrical
prominence (primary stress);
b. culminativity [...]: every lexical word has at most one syllable marked for the highest degree of metrical
prominence.
(Hyman 2006: 231).

Words can also bear SECONDARY STRESS, which typically manifests itself as a prominent
initial or final syllable (EDGE-PROMINENCE), or as alternation of stressed and unstressed
syllables (BOUNDED or ALTERNATING STRESS). An additional factor that often plays a role
in stress systems, WEIGHT-SENSITIVITY, can be disregarded in Vietnamese, because it has a
minimality requirement forcing all syllables to have at least two moras (i.e. it has no light
syllables). Furthermore, even researchers who believe Vietnamese has stress agree that it is
not contrastive (for full discussion see Section 1.4).

It is important to distinguish stress from PHRASAL PROMINENCE (or phrasal stress), a
cover term for a variety of phenomena that can be misinterpreted as stress if words are
recorded in isolation or in inadequate frame sentences. Phrasal prominence not only includes
the lengthening effects typically found at phrase edges (Beckman & Edwards 1990, Cutler &
Butterfield 1990a, Turk & Shattuck-Hufnagel 2000), but can also result from the realization
of boundary tones. Along similar lines, stress can be difficult to distinguish from word-final
lengthening (Cutler & Butterfield 1990b, Byrd 1996, Byrd & Krivokapi¢ 2006, Fletcher
2010). INFORMATION STRUCTURE (focus, givenness, topicalization) can also affect phrasal
prominence, but our understanding of information structure in Vietnamese is still limited
(Michaud & Brunelle 2016).

Word stress (primary or secondary) is phonetically realized by means of a combination
of increased duration, intensity and f0, and can also be cued by a reduction of phonological
contrast (especially a neutralization of vowel quality) in unstressed syllables (Hayes 1995,
van der Hulst 2012). In a variety of languages a longer syllable duration has been shown to
be the clearest acoustic correlate of stress (Fry 1955 on English, Sluijter & Van Heuven 1996
and Sluijter, Van Heuven & Pacilly 1997 on Dutch, De Jong & Zawaydeh 1999 on Jordanian
Arabic, Arvaniti 2000 on Greek, Remijsen 2002 on Ma’ya, Remijsen & Van Heuven 2005 on
Papamientu, Prieto & Ortega-Llebaria 2006 on Spanish and Catalan). The smallest reported
stress-conditioned increase in duration is about 10% in word-initial Spanish syllables (Prieto
& Ortega-Llebaria 2006), but this lengthening is typically much greater in other languages.
Note however that durational cues to stress are sometimes less direct. For instance, in Welsh, it
is the post-stress consonant that is lengthened, rather than the stressed syllable itself (Williams
1985).

Vowel quality and intensity are also generally robust cues, although their exact
manifestations and contributions are partly language-specific. In languages that show dramatic
reduction or phonological neutralization of vowel contrasts in unstressed syllables, like
English, formants are radically centralized. However, even in languages without clear vowel
reduction, F1 and F2 are usually affected to some extent (De Jong & Zawaydeh 1999, Remijsen
2002, Remijsen & Van Heuven 2005, Prieto & Ortega-Llebaria 2006). Formant measurements
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are difficult to compare across studies, but Jordanian Arabic, with a 5% boost in F1 in stressed
syllables seems to have one of the lowest reported differences (De Jong & Zawaydeh 1999).
The effect of stress on intensity is less straightforward: mean intensity often correlates with
stress, but as the energy increase is not equally distributed in the frequency spectrum, a
boosted intensity in higher harmonics has been shown to be an even better indicator of stress
in Dutch, Spanish and Catalan unaccented syllables (Sluijter & Van Heuven 1996, Sluijter
et al. 1997, Prieto & Ortega-Llebaria 2006). However, no such effect is found in English
(Campbell & Beckman 1997), and it seems that, at least in some languages, overall intensity
is more correlated with accent (i.e. the association of a melodic target, or pitch-accent, to
a stressed syllable) than with stress itself. In fact, it has been proposed that the combined
effect of duration and intensity may be a better way of capturing the perceptual prominence of
stressed syllables than the two cues taken separately (Beckman 1986, Arvaniti 2000). Finally,
although f0 is primarily a phonetic correlate of accent, a residual higher f0 may be maintained
on stressed syllables, even when unaccented (De Jong & Zawaydeh 1999, Remijsen 2002).

Although they are superficially competing for some of the same acoustic cues, lexical
tone and stress are not incompatible in absolute terms. There are many well-described cases
of languages where lexical tone and contrative stress coexist (Inkelas & Zec 1998 on Serbo-
Croatian, Riad 1998 and Lahiri, Wetterlin & Jonsson-Steiner 2005 on Scandinavian, Remijsen
2002 on Ma’ya, Baart 2003 on the tonal languages of Pakistan, Remijsen & Van Heuven 2005
on Papamientu, Nara 2015 on Punjabi). In Ma’ya for instance, stress and tone rely on the
same phonetic properties, but weighted in opposite orders (Remijsen 2002). Perhaps more
typically, in many languages with sparse tonal specification as diverse as Swedish (Riad 1998,
Labhiri et al. 2005) and Punjabi (Baart 2003, Nara 2015), stress attracts tone and is the primary
cue to stressed syllables. On the other hand, we know much less about languages in which
tone is densely distributed, especially those in which each syllable has its own lexical stress.
In East Asia, the best studied case is Mandarin, a language in which most disyllables have a
trochaic structure and where unstressed syllables are segmentally reduced and bear a neutral
tone (Norman 1988, Chen 1993, Duanmu 2000). Another language where tone and vowel
contrasts are neutralized in unstressed syllables is Burmese (Gruber 2011). In the absence of
morphophonological alternations, one may wonder if unstressed syllables in these languages
still bear an underlying tone, but tonal reduction without full neutralization is also attested: in
Thai, unstressed syllables are shorter and have reduced vowels and tones, but tonal contrasts
are still maintained (Potisuk, Gandour & Harper 1994, 1996). What Mandarin, Burmese and
Thai have in common is that word stress is realized through a general reduction of unstressed
syllables that includes, but is not limited, to tonal reduction. This contrasts with other East
Asian tone languages, like Cantonese (Bauer & Benedict 1997) and other southern Chinese
languages (Norman 1988), that have complex tone systems, but no stress.

Vietnamese is interesting in this context because it has a complex tone system and has
often been described as having word stress, but does not exhibit a clear reduction of unstressed
syllables in lexical words.! There is, however, considerable disagreement about the metrical
structure of Vietnamese: even native-speaking linguists have failed to reach a consensual
description of its stress system (see Section 1.4 for a discussion). The main goal of this paper
is therefore to look at Vietnamese in more detail in order to determine if there is any form
of word prominence in this language and, if there is any, to conceptually sort out the various
forms of prominence at play.

1.2 Vietnamese syllables and tones

There is considerable phonological and phonetic variation between Vietnamese dialects (see
Kirby 2011 for a comprehensive phonetic sketch of Hanoi Vietnamese, Brunelle 2015
for phonetic overviews of the northern and southern dialects). However, all dialects share

! Function words can be reduced (Hoang & Hoang 1975), but this is an altogether different issue.
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Figure 1 The five tones of Southern Vietnamese in unchecked syllables (mean speaker z-normalized values obtained from all the
words pronounced by the 18 speakers recorded for this study).

relatively simple phonotactics: all syllables conform to a C(w)V(C) template and bear a
lexical tone. Furthermore, there are, to my knowledge, no mentions of dialectal differences
in the placement or realization of stress anywhere in the literature. The results presented here
are therefore valid for the southern dialect, but should in theory be generalizable to other
dialects. For the purpose of this paper, SOUTHERN VIETNAMESE will refer to the relatively
homogeneous varieties spoken in Ho Chi Minh City and the Mekong Delta.? There is minor
lexical and phonological variation even in that zone, but no salient differences in tone or
prosody have been reported. The transcriptions given below correspond to surface forms as
pronounced in standard Southern Vietnamese, as it would be spoken in formal contexts by
educated native speakers from HO Chi Minh City.

Two dialectal features related to tone are relevant to this paper. The first one is that
while northern and central varieties have glottalized tones (Nguyén & Edmondson 1997,
Pham 2003, Michaud 2004), southern dialects make no use of voice quality in tonal contrasts
(Brunelle 2009). The second one is that unlike Northern Vietnamese, which has six tones,
southern dialects (and many central dialects) have merged the tones C1 (%6i) and C2 (ngd)
and now have a five-tone inventory. This simpler tone system is the reason why this paper
focuses on Southern Vietnamese. In citation, the five tones of Southern Vietnamese have the
following shapes (Figure 1): tone Al (ngang) is high-level, tone A2 (huyén) is falling, tone B1
(sdc) is rising, tone B2 (ngng) is low falling-rising and tone C (h6i-ngd) is high falling-rising.
Two additional tones are only found in checked syllables (i.e. syllables closed by voiceless
stops) and will not be tested here: D1 (checked sdc) is a rising tone very similar to tone B1
(sdc), while D2 (checked ndng) is a falling tone very similar to tone A2 (huyén).

1.3 The Vietnamese lexicon
The native Vietnamese lexicon is largely composed of monosyllabic roots, but these roots are
often compounded into polysyllabic words. Monomorphemic polysyllabic words also exist,

2 In fact, one could argue that this homogeneous dialect zone extends all the way to Khanh Hoa province,
in south-central Vietnam.
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but are limited to loanwords and ideophones. Assessments of the prevalence of polysyllables
in the Vietnamese lexicon vary: Nguyén (1997: 35) reports that 80% of the lexicon is
composed of disyllables, while Tran & Vallée (2009: 232) establish the respective proportions
of disyllables and trisyllables in a syllabified lexicon at 49% and 1%. The proportion of
polysyllables is certainly much lower in spontaneous speech (especially if one looks at
token rather than type frequency), but compounds and polysyllables are nonetheless common
and well-integrated into the lexicon and phonology. Since the morphosyntactic structure
of compounds has been claimed to affect stress, a typological overview of Vietnamese
polysyllables is given before addressing the issue of stress proper.

Native Vietnamese compounds can be grouped into two categories: coordinative and
subordinative. COORDINATIVE COMPOUNDS are made up of two roots belonging to the same
lexical category, out of which neither can be treated as a syntactic or semantic head. They
typically have a generalized meaning which adds up to more than the sum of their parts.
Thus, quan do [won®? 2a:wB'] <pants+shirt> means ‘clothes’. Although most coordinative
compounds have a default lexicalized order, this order can be reversed without affecting
their core meaning. For instance, do qudn, though much less common and more stylistically
marked than quan do, is acceptable and has the same compositional meaning. SUBORDINATIVE
COMPOUNDS, on the other hand, are composed of a head and a modifier. As they are
rigidly left-headed, they are not reversible. An example is cd heo [kaP! hew?!] <fish+pig>
‘dolphin’, in which the syntactic and semantic head cd ‘fish’ is modified by keo ‘pig’.
Previous researchers have pointed out that there is no clear dividing line between Vietnamese
compounds and phrases, be it from phonetic (Ingram & Nguyén 2006, Nguyén & Ingram
2007a) or morphosyntactic perspectives (Thomas 1962, Noyer 1998). Frequent compounds
seem equivalent to lexicalized phrases.

Reduplicates form a large proportion of the Vietnamese polysyllabic lexicon. One can
roughly distinguish three forms of reduplicates. REAL REDUPLICATES are formed by applying
a productive (or at least common) reduplication template to an existing root (Trwong 1883,
Emeneau 1951, Thompson 1965). For instance, vui [vuj*'] “happy’ can be reduplicated into
vui vé [vui®! ve®] “very happy’ and manh [man®?] ‘strong’ into manh mé [man®? me®]
‘very strong’ through a regular rhyme change and a predictable tone alternation.’ The few
available strategies for creating real reduplicates can result in forms where the base precedes
the reduplicant, like in the examples just given, or in forms where the reduplicant precedes
the base, as in manh manh [man®? manP®?] ‘strong-ish’. There is also a large set of PSEUDO-
REDUPLICATES, which are reduplicated forms where the reduplicant is lexicalized and cannot
be derived from the base through an established morphophonological template. An example
is nhuit nhat [pukpP! pakP!'] “very timid’, which is clearly related to nhdt ‘timid’, even if
there is no regular u~a reduplication pattern in Vietnamese. To this, one can also add a class
of FALSE REDUPLICATES, that are actually a type of adjectival compounds, where an adjective
is followed by a verb, like vui thich [vuj”! t"itP!] <happy+to like> “very happy’.

There are three other types of polysyllabic words. The first type is IDEOPHONES, a large
class of words that are phonological similar to reduplicates, but do not share their semantic
properties (Brunelle & Lé 2013). Words like lung tung [lunm?! tunm?'] ‘disordered, without
a clear goal’, are composed of syllables that share phonological properties, but are not
derived through clear morphophonological processes and do not have a base (neither lung nor
tung mean anything in isolation). The second type, SINO-VIETNAMESE compounds, have
an ambiguous status as they are often not transparent to native speakers (Alves 2009).
This is because Sino-Vietnamese monosyllabic roots are often semantically opaque, just
like Latin or Greek roots in Western European languages and because Sino-Vietnamese

3 These tone alternations are termed a ‘tone sandhi’ in Nguyén & Ingram (2007b). While they are the
only authors to extend of the term ‘sandhi’ to a set of tone changes that are strictly morphologically
conditioned, there is no disagreement on the specifics of the alternations at stake.
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subordinative compounds are right-headed, contrary to their systematically left-headed native
correspondents. For instance, a word like tuan Iéc [tum™? lokpP?] <dociletdeer> ‘elk,
reindeer’ is opaque because the meaning of its roots is unknown to native speakers (except
sinologists and zoologists), while a word like qudc ngi? [wokP' 1i®] <country+language>
‘Vietnamese script’ is probably semantically transparent to all native speakers due the high
frequency of its roots, but is structurally marked as its headenedness does not follow the
morphosyntactic rules of native Vietnamese. The last type of polysyllabic word is composed
of a few hundred monomorphemic polysyllabic LOANWORDS, mostly borrowed from French
(ban céng [bam™' konm?!] ‘balcony’ < Fr. balcon; so' cua [so”! kuo™!'] ‘back-up suitor’
< Fr. roue de secours ‘safety wheel’) (Huynh 2008), but also from neighboring languages
(Sai Gon [sa:;jA? gon*?] name of a city < Khmer pr&j nokor* “City of the forest’, Phan Rang
[famA! ram™!'] name of a town < Cham/Sanskrit Panduranga).

This paper focuses on disyllabic words because they are by far the most common
type of polysyllables. There is however no theoretical upper limit on the number of
syllables in a word. Native coordinative compounds can have more than two syllables (e.g.
anh chi em [an®! ¢i®? emA!] <older brother+older sister+younger sibling> ‘siblings’),
subordinative compounds/phrases are recursive (nha mdy dién [pa®? ma:;jB! dimP?]
<house+machine+electricity> ‘power station’) and reduplicates can have up to four syllables
in some stylistic contexts (Ngo6 1984).

1.4 Stress in Vietnamese

To my knowledge, Vietnamese stress has been described in four, largely incompatible, ways.
The first is that there is no word stress; as suggested by Emeneau (1951: 25), ‘[t]here are
no stress phenomena to be noted — every word in connected utterance ... has the same
degree of energy as every other’.’> The second view is that there is morphosyntactically-
defined word stress. This position was first put forward coherently by Cao (2003 [1978])
in a paper in which he made a set of observations about duration and tone reduction in
Vietnamese (apparently following observations made in Thompson 1965). Cao did not fully
distinguish sentential prominence and word stress, and described processes that seem to
go beyond stress, such as phonological reduction of function words and the lexicalization
of high-frequency phrases into compounds. However, he did make explicit claims about
headeness and stress in coordinative and subordinative compounds, and these were later
expanded and formalized by Ngo (1984: 101). According to Ngo, all lexical words are
stressed, but (i) coordinative compounds only have heads and therefore receive stress on
each of their syllables, (ii) subordinative compounds receive stress on their non-head, which
means that native subordinative compounds should be right-headed while Sino-Vietnamese
compounds should be left-headed, (iii) reduplicates receive stress on their base, and (iv) non-
Sino-Vietnamese loanwords are stressed on their initial syllable. Ngo’s extension of Cao’s
proposal to Sino-Vietnamese and non-Sino-Vietnamese loanwords is a radical move, but
the general idea that stress is related to headedness remains influential among Vietnamese
linguists.

The third position is that Vietnamese stress is always word-final. This is the position
adopted by Nguyén & Ingram, in a series of papers that constitute the only experimental
evidence about Vietnamese stress (Nguyén 2010, Nguyén & Ingram 2007a, b). In a study
of disyllabic head-final reduplicates, Nguyén & Ingram (2007b) found that first syllables
are shorter and have more centralized vowels and more reduced f0 contours than second

4 An anonymous reviewer questions this etymology, which is indeed problematic as it involves irregular
sound change. In any case, what is relevant here is that Sai Gon is a polysyllabic word whose syllables
cannot be decomposed into semantically transparent morphemes.

5 Emeneau (1951) was working on the dialect of Ha Tinh. Stresslessness could in theory be limited to this
specific dialect.
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syllables, but that their intensity tends to be stronger; spectral tilt differences independent
of tone were not found. Nguyén & Ingram obtained similar results in a related study of
disyllabic coordinative compounds: their second syllable is prominent in terms of F1 and
duration, but their first syllable has a stronger intensity unaccompanied by any spectral tilt
difference (Nguyén & Ingram 2007a, Figure 5).° Based on these results, they proposed that
Vietnamese disyllables bear second-syllable stress and conservatively concluded that ‘there
was clear acoustic evidence that Vietnamese disyllabic word forms are not symmetrical in
terms of accentual prominence, but “right-headed” or biased in weight toward the second
element’ (Nguyén & Ingram 2007a: 1757). However, as they acknowledge, the fact that
their target words are always phrase-final makes it difficult to determine if second syllable
prominence is really due to accentual prominence or if it is a consequence of phrase-final
lengthening. In a more recent study, Nguyén adopted a more formal analysis and proposed,
based on an investigation of nonce place names of up to six syllables (e.g. La-na, La-na-ma,
La-na-ma-ra, La-na-ma-ra-ga, La-na-ma-ra-ga-nha), that ‘polysyllabic words in Vietnamese
tend to be parsed into bi-syllabic iambic feet with a rightward or retrograde [i.e. alternating]
rhythmic pattern’ (Nguyén 2010: 25). Unfortunately, results suggest that the task may have
been too awkward to yield natural speech: quadrisyllabic nonce words, which match the
longest attested monomorphemic words of Vietnamese (pé ni xi lin [pe®! ni®! siA! 1inA!]
‘penicillin’, phé t6 cép pi [fo*! tor! kopP! pi*!] ‘photocopy’), have an abnormally long
average duration of about 1200 ms, while hexasyllabic nonce words reach an alarming 2000
ms. Nguyén’s (2010) claim about the alternating nature of Vietnamese stress thus seems bold,
but Nguyén & Ingram’s (2006, 2007a, b) more general proposal that stress is word-final or
iambic must be considered seriously, especially since it was made independently by other
researchers (Tran 1967, Pham 2008).

The fourth position is that stress is a phrasal phenomenon. This view was adopted,
explicitly or not, by several authors who noticed significant phrase-final lengthening in
Vietnamese (Thomas 1962; Thompson 1963, 1965; Hoang & Hoang 1975; Cao 2003 [1978]).
Some of its proponents deem that this final lengthening is accompanied by recursive iambic
phrasal stress (Thomas 1962) or additional morphosyntactic stress (Thompson 1963, 1965;
Cao0 2003 [1978]). A recent version of this proposal has been put forward by Schiering, Bickel
& Hildebrandt (2010), based on Thompson’s (1965) examples and on a loose reinterpretation
of Nguyén & Ingram’s (2006) conclusions. Schiering et al.’s (2010) claim is that Vietnamese
has neither prosodic word nor word stress, but rather very short phrases (of an undefined
nature) with final stress.

In order to determine which of these accounts is the most appropriate, an experimental
investigation of Vietnamese stress was conducted. It was designed to determine if there is any
form of prominence in Vietnamese disyllables and to assess if such prominence is caused by
phrase-final effects or by word stress. Various types of compounds were recorded to see if
their morphosyntactic structure affects prominence.

2 The study

Two rounds of recording sessions were conducted with native Southern Vietnamese speakers.
In the first one, a word list designed to determine if the second-syllable prominence found
in previous research was due to word stress or phrase-final lengthening was recorded. In
order to assess the possible effect of morphosyntactic structure on stress, the word list

® Note that the apparent difference in f0 in Figure 5 of Nguyén & Ingram (2007a) is not necessarily
meaningful as tone is not controlled for in their word list and not included as a random factor in their
statistical analysis.
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included several lexical categories, following the typological sketch in Section 1.3 and
the predictions reported in Section 1.4 above. The second round was based on two word
lists meant to further investigate the role of morphosyntactic structure and to determine
if disyllables under focus have any special prominence, and if one of their syllables
becomes more prominent than the other, which could be interpreted as indirect evidence for
stress.

2.1 Method
2.1.1 Materials

Three word lists containing Vietnamese disyllabic words framed in variable sentences were
constructed in collaboration with a linguist in Hd Chi Minh City. They were then double-
checked with two graduate students in linguistics and two naive speakers (see Appendix A).
All collaborators were native speakers of Southern Vietnamese (one was bidialectal and also
spoke Northern Vietnamese). The primary aim of the word lists was to present target words
in a context where they were not easily identifiable to prevent participants from focalizing
or rephrasing them. Special effort was also put into keeping sentences semantically and
syntactically as natural as possible to favor a reading style close to spontaneous speech. The
target words and frame sentences were not necessarily frequent or preferred in colloquial
speech, but they were well-formed and participants were able to read them without hesitating
or stumbling. An underlying assumption of this type of data is that a fluent reading style
should not exhibit marked differences with spontaneous speech in terms of word stress
placement.

The FIRST WORD LIST consisted of disyllabic words chosen to test the stress patterns of
words with different morphosyntactic structures (Sections 1.3—1.4) and the role of phrasal
position. Five disyllabic words were chosen for each morphosyntactic category. Examples of
each of these categories are given in Table 1.

In order to keep tonally-conditioned fO variation relatively constant, all native
subordinative compounds and loanwords (1b and 1c in Table 1) were composed of syllables
with identical tones, and each subgroup contained one token of each of the five Southern
Vietnamese tones. As it was not possible to find lexicalized coordinative compounds (1a and
la” in Table 1) with perfectly controlled tone combinations, a decision was made to choose a
set of five frequent and easily reversible words. Reduplicates (2a, 2b and 2c¢ in Table 1) were
derived from five base adjectives with each of the five tones. In order to keep the word list
reasonably short, reduplicates were only tested in phrase-medial position.

A second round of recordings was organized to control more systematically for different
patterns of headedness in loanwords (category 1c, loanwords, was broken down into Sino-
Vietnamese and non-Sino-Vietnamese loanwords) and to determine if any type of prominence
arose under focus. To that effect, a SECOND WORD LIST was put together (Table 2). Again, each
word type included words with each of the five Southern Vietnamese tones (their two syllables
bore the same tone), except for the four monomorphemic disyllabic non-Sino-Vietnamese
loanwords, which only bore the high-level tone Al (ngang) and the low-falling tone A2
(huyén) (other tones are rare in such loanwords). The second word list was composed of
naturalistic frame sentences similar to those used for the words in Table 1, but target words
were only inserted in phrase-medial position.

A THIRD WORD LIST was built to determine if corrective focus is realized on a particular
syllable in phrase-medial disyllables. It comprised two target words for each of the eight
categories in Tables 1 and 2, except category 2c (false reduplicants). When available, words
bearing the level tone Al (ngang), and the rising tone B1 (sdc) were selected. Otherwise,
words with A2 (huyén) were chosen. In the third word list, target frame sentences were
interspersed with contextual prompts designed to elicit natural corrective focus. An example
is given in (1).
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Table 1 Types of disyllables included in the first word list.

Type Example Frame sentence

Ta. Ban ghé Final: Nha ba ma Tudn c6 nhiéu ban ghé

Native coordinative  [Bam”? geB!] [na’? 6ar! maP! tum®! koP! nitwA? pap”? geB!]

compounds [chair+table] ‘furniture’  ‘Tun's parents house has a lat of furniture.’

(common) Medial: Nha ba mé Tudn c6 nhiéu ban ghé dep.

n=>5 [H?Az parl maB! tu:IJBl koB! Jli:WAZ 6a:13A2 geBl d“spm]

oo Juan parents” house fias @ lotof beautful furmitwre,

1, Ghé ban Final: Nha ba ma Tudn cé nhiéu ghé ban.

Reversed native [geB! bam??] [na’? 6a*! maP' tum®! koB! nitwA? geB! bamA?]

coordinative [table-+chair] ‘furniture’  ‘Tun's parents house has a lot of furniture.’

compounds (rare) Medial: Nhd ba md Tudn c6 nhiéu ghé ban dep.

n=>5 [na’? 6ar! maP! tumB! koP! pi:wA? geB! bam?? depP?]
Tudn’s parents’ house has a lot of beautiful furniture.

1b. Thuyén buom final: Ong di vong quanh thé gidi bang thuyén budm.

Native [tPyimA2 [opmA! di*! vonm»? quan?! theB! jorB! fan?? thyimA?

subordinative Burm”?] fu:m”?]

compounds [boat-+sail] "He went around the world on a sailboat.

n==> ‘sailboat A . FE 3 Y2
Medial: Ong di vong quanh the gidi bang thuyén buom co.
[Ol’ﬁnAl diAl Vol’:'?nAQ quan®! t"eP! joijB! papr thqiu]Az
fu:m®? ko®]
"He went around the warld on an old sailboat.

Tc. Phu kién Final: Hién nay xe may Han Quoc co nhiéu phu kién.

Sino-Vietnamese [fuB? kimB?] [hin®? naj*! xeA! maijB! hamm*? wokP! koB! pirwA? fuB2

and other [secondary+ kim®?]

loanwords component] ‘accessory  ‘Nowadays, Korean motorbikes have lots of accessories.

(opaque morph.
structure or no
internal structure)

Medial: Hién nay xe may Han Quéc cé nhiéu phu kién 161,
[hin®? naj”! xeA! maij®! ham*? wokP! koB! pirwA? fuB2

I kim®? tokpP!]
‘Nowadays, Korean motorbikes have lots of good accessories.
2a. MGi me Medial: Nhugm téc da lac hdu roi. Bdy gic' ¢ mdt phong trao
Head-initial [mo:jB! me€] mdi mé hon la xdm ngu'o.
reduplicate [new-+RED] [num®? tokpP! da® laxkP? how®? roj*2 614! joA? koB!
n=> "Very new mokpP? fon*! tfa:w”? ma:jB' meC hom?! 1a”? sam?! nirj"?]
‘Dyeing one’s hair is out already. Now, an even newer trend is tattooing.
2b. Moi moi Medial: Nhuom toc da lac hdu roi. Bdy gio' cé mot phong trao
Head-final [mo;jA! maij®']  moi méi hon la xam nguoi.
reduplicate [RED-+new] [num®? tokpP! da® laxkP? how®? roj*2 614! joh? koB!
n=>5 newish’ mokp®? fop?! tfarw”? mo:j*! mo:jB! hom?! laA? samA!
i’
‘Dyeing one’s hair is out already. Now, a kind of newer trend is tattooing.
2. Moi la Medial: Nhugm téc da lac hdu roi. Bdy gic' c6 mdt phong trao
False reduplicate~~ [muorjB! 1a52] mdi la hon la xdm nguoi.
(type of 1b [new-+bizare] ‘wnusuel,  [num®? tokpP! da® la:kP? how?? r0jA2. 6i*! jor? koP!
compound) out of the ordinary mokpP? fon™! tfa:w”? ma:jB! 1aP? hom?! 1a%? sam®! pirj"?]
n=>5 ‘Dyeing one’s hair is out already. Now, a more out-of-the-ordinary trend is tattooing.
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Table 2 Types of disyllables included in the second word list.

Type Example Frame sentence

1ci. Hoa binh Medial: & I-rdc, rét khé Idp lai hoa binh thdt.
Coordinative Sino- [hwa?? 6in??]  [20€ 2i*! rakP! rokP! xoB! lopP? 1a:jB? hwa”?
Vietamese [peace-+quiet] 6in"? thokP?]

compounds ‘peace’ ‘InIrak, it's difficult to re-establish a real peace.’

n=>5

Teil. My pham Medial: Hién nay, phu nit Nhdt rat thich mua my
Subordinative Sino- [mi€ fom©] phdm Phap.

Vietnamese [beauty-+product] [himn®? na:;j! fuB? ni€ pokP? rokP! thitP!
compounds ‘osmetics’ muo?! mi® fom® fa:pP!]

n=>5 ‘Nowadays, Japanese women like to buy French cosmetics.

1cill Ban cong Medial: O khdch san dé, phong ndo ciing c6 ban
Monomorphemic [bamA! cong rong.

disyllabic loanwords ~~ konmA!] [20€ xatP! sam®? doP! fopmA? narw”? kupm®
(non-Sino- < Fi. balcon koB! bam®!' konm*! ronm®?]

Vietnamese) ‘balcony’ ‘It that hotel, every room has a big balcony.

n=4

(1) Context
Nha ba mia  Tudn c¢6  nhitu ti  siach  dep.
[na’? 6a’r!  maP' tumB ko' piwA? tu® satB!  depP?]
“Tun’s parents’ house has a lot of beautiful bookshelves.’

Target

Khong  phai! Ho ¢6  nhidu  ban ghé  dep.
[xopmA! faj¢ hoB?2  koB! piwA?  BamP? geB!  depP?]
‘No! They have a lot of beautiful FURNITURE.’

Note that, because of the structure of the Vietnamese lexicon, it was impossible to build a
word list in which consonants and vowels were perfectly controlled. Segmental effects were
therefore dealt with statistically (see description of random effects in Section 2.1.5 below),
but a brief analysis of vowel formants is given in Section 2.2.5.

2.1.2 Participants .

All participants were native speakers of Southern Vietnamese born and raised in H6 Chi Minh
City or the Mekong Delta. They were all aged between 18 and 26 years at the time of the
recordings and were students in fields other than linguistics. In the first round of recordings,
eight participants (four female, four male) recorded the first word list. In the second round of
recordings, 10 different speakers (five male, five female) recorded the second and third word
lists.

213 Procedure .

All recordings were made in a soundproof booth in H6 Chi Minh City. Sessions were
recorded as uncompressed 44.1 kHz wav files with a Neumann TLM-102 condenser
microphone. In the two recording sessions, word lists were read five times by each
participant.

In order to maximize speech naturalness, participants were given a copy of the relevant
randomized word list 10 minutes before recording sessions and were asked to read it
once. As a result, recordings were produced fast enough not to sound hyperarticulated,
but some sentences were read inaccurately (the most common error being that rare reversed
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coordinative compounds were sometimes reversed to their more frequent counterparts; e.g.
c0 cdy ‘vegetation’ was read as cdy c¢0). Tokens affected by serious reading disfluencies were
discarded.

In the first round of recordings, participants only read the first word list. In the second
round of recording, participants first read the second word list and then the third one. To ensure
that participants produced the intended corrective focus in the third word list, an experimenter
(a female native speaker of Southern Vietnamese) read a contextualization prompt before the
participants produced each sentence (see (1) above and Appendix A).

2.1.4  Acoustic measures

Acoustic properties known to play a role in stress were measured in each of the two syllables
of the targets words (using Praat 5.3.61). These properties, which mirrored those measured
by Nguyén & Ingram (2007b), were syllable duration, mean rhyme intensity, mean rhyme f0
(mean of five equidistant sampling points in the rhyme), and the first and second formants at
the midpoint of the vowel nucleus.

Spectral tilt is reported in Nguyén & Ingram (2007b), but was excluded in this study
because proper experimental controls for these cues would have required unreasonably long
word lists. In any case, as vowel quality and tone, two factors known to have an important
effect on spectral tilt, were not controlled for in Nguyén & Ingram’s study, comparison of the
results would not have been possible.

If there is stress in Vietnamese, significant asymmetries in duration, intensity and vowel
formants (and possibly a marginally higher f0) should be expected, following the cross-
linguistic tendencies described in Section 1.1. Based on previous work on stress in East Asian
tone languages, a wider fO range could also be expected in stressed syllables.

2.1.5 Statistical analysis

The data was analyzed using linear mixed models implemented in SPSS Statistics 23. The
dependent variables were the acoustic measures just discussed (syllable duration, mean rhyme
intensity, mean rthyme {0, F1 and F2 at the midpoint of vowel nuclei, and f0 range). The fixed
effects included in at least one of the models presented in the results section, along with their
levels, were:

o Tone: Al (ngang), A2 (huyén), B (sdc), B2 (ndng), C (hoi-ngd) and D1 (checked sdic)
o Word type: As listed in Tables 1 and 2 above

e Position: Phrase-medial vs. phrase-final

o Syllable position (Syll#): First or second syllable of the word

e [nformation structure (IS): Focused or unfocused

o All relevant interactions

The structure of fixed effects for specific models depended on the subset of the data included
in a given analysis. More detail is provided for each model in the results section (Section
2.2). The random effects included in the models were always speaker and item (i.e. syllables).
Following the recommendations of Barr et al. (2013), the random effect structure of the
models was kept maximal: besides random intercepts for speaker and item, uncorrelated
random slopes were included for each fixed effect included in a model, but not for interactions
(slopes were uncorrelated because there was no a priori linguistic interpretation of eventual
correlations; random slopes of interactions were excluded because models including them
could not converge). As item is normally found in a single Word type and, in most models, in
a single Syllable position, random slopes for combinations of these fixed and random factors
(Wordtype/item, Syll#/item) were excluded.

Maximal models were simplified by dropping fixed effects if doing so yielded a
significantly lower Akaike information criterion (AIC) score. Interactions were dropped before
main effects, and main effects were not dropped if they contributed to a significant interaction.
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As discussed in Section 2.2 below, most of the effects tested in the statistical models
turned out not to be significant. To ensure that these null results were not due to an inadequate
experimental design, post-hoc power analyses were conducted to determine if the experimental
samples and statistical models used in this study were able to detect effects of a magnitude
typically found in stress systems (Gelman & Hill 2007, Kirby & Sonderegger 2016). Scripts
were adapted from Snow (2009) to simulate datasets closely mirroring the data recorded
in the first word list, and these simulated data were analyzed with models following the
same structure as the six maximal models presented in Sections 2.2.1 and 2.2.2.7 The random
variance and errors included in the simulation were obtained from the real models. A thousand
simulations were conducted for each of the six models, with datasets assuming fixed iambic
stress and morphosyntactically-conditioned stress. With an intercept of 215 ms and a final
lengthening of 150 ms, duration models were able to detect a 10 ms duration effect at p <
.05 more than 99% of the time. Similarly, with an intercept of 66 dB, mean intensity models
were able to detect a 1dB effect at p < .05 more than 99% of the time. Finally, assuming an
intercept of 200 Hz, mean rhyme f0 models were able to detect a 5 Hz effect at p < .05 more
than 99% of the time. The simulations further suggested that models were robust even when
dealing with noisy data: when the random variance and errors inferred from the actual data
were doubled, power was still above 0.8 for all models. As the magnitude of the effects tested
in the simulations was significantly smaller than that attested in stress systems (recall Section
1.1 above), one can be confident that the null results reported below are not due to insufficient
statistical power.

2.2 Results

2.2.1 Acoustic prominence in compounds

As Native Coordinative Compounds and Native Coordinative Reversed Compounds (1a and
la’ in Table 1) were composed of the same syllables in opposite order, they offered a naturally
controlled environment to look at the effect of factors like the position of a disyllable in the
sentence (medial vs. final) and the order of a syllable in a disyllable (first or second). Mixed
models were fitted on all tokens of these two types of compounds to look for asymmetries
between their syllables (dependent variables: syllable duration, mean rhyme intensity, mean
rhyme 0, F1, F2; fixed effects before model simplification: Syllable position, Position, Word
type and all interactions).

Since only three fixed effects were significant in the five models, they are not given here
but are instead reported in Appendix B (Tables A1-AS5). The first significant effect is that the
duration of phrase-final syllables (Sy/[#2* PositionFinal) was longer than that of other syllables
(+41%), as shown in the top panel of Figure 2. Phrase-final syllables also had a significantly
lower mean rhyme intensity (Syl[#2* PositionFinal), but this effect was small (—0.47 dB) and is
difficult to disentangle from syllable-specific effects in the mid panel of Figure 2. Finally, F1
was raised (+66 Hz) in phrase-penultimate syllables (PositionFinal), but this last effect is again
blurred by syllable-specific effects (Syll#2* PositionFinal) in the bottom panel of Figure 2 (and
is further discussed in Section 2.2.5). No significant effects were found for F2 and mean rhyme
f0, and the order of syllables and type of coordinative compounds were never significant as
main effects. As no differences between Native Coordinative compounds or their reversed
counterparts were uncovered, they are merged as a single group in the rest of this section.

In order to determine if these results extend to other types of disyllabic words, mixed
models were fitted on all non-reduplicate words recorded in the first word list. Models were
fitted for syllable duration (Table 3), mean rhyme intensity (Table 4) and mean rhyme {0
(Table 5).% In the maximal models, the fixed factors were the position of the syllable in the

7 R scripts available upon request.
8 SPSS uses the Satterthwaite estimation to calculate degrees of freedom.
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Figure 2 Speaker z-normalized duration, mean rhyme intensity and F1 at the midpoint of nuclei for native coordinative and reversed
coordinative compounds, in sentence-medial and sentence-final positions and in the first and second position of disyllables.
The four compounds are fim kiém [tim? kixm®'] [to search+to find] ~ kiém fim ‘to look for, quan 4o [won™>
arwB'] [pants+shirt] ~ 4o qudn ‘clothes, cdy cf [kej*! ko] [iree+grass] ~ o6 cdy vegetation' and di
nghéo [daj®! new*2] [hungry+poor] ~ nghéo ddi ‘to live in hardship’ (A fifth pair, ban ghé [Bam? geB']
[table-+chair] ~ ghé ban ‘fumiture’, had to be excluded: ghé ban was not recorded due to an error in the word st

word (Syllable position), the position of the word in the sentence (Position), the type of word
(Word type), and relevant interactions (Syllable position* Position, Syllable position* Word
type). Three types of words (Word type) were included in these models: Native Coordinative
Compounds, Native Subordinative Compounds and Loanwords (respectively 1a/la’, 1b and
1c in Table 1).

By and large, these models confirmed what was found in Native Coordinative Compounds.
The best model for syllable duration only included the main effects Syllable position, Position
and their interaction (Table 3). The only significant effect in this model was an important
lengthening (+70%) of the second syllable of disyllabic compounds in phrase-final position
(Syll#2* PositionFinal). Otherwise, there was no evidence that either of the two syllables was
more prominent than the other. The best models for mean rhyme intensity (Table 4) and mean
rhyme f0 (Table 5) had a more complex structure, but no significant fixed factors.

To summarize, results obtained from compounds and loanwords were limited to phrase-
final effects. A strong phrase-final lengthening was found in all word types investigated so
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Table 3 Estimates of fixed effects on sy/lable duration in non-reduplicates (7 = 0.89). Reference categary:
First syllable of phrase-medial native coordinative compounds. Bold marks significant fixed effects.

Estimate

(s) SE df t i
(Intercept) 0215 0010 14.888 20.100 <001
SylHF2 0004 0,006 22.557 063 494
PositionFinal 0003 0.006 13.728 0.556 587

Syli#2*PositionFinal  0.150  0.003 1138.113 53971  <.001

Tahle 4 Estimates of fixed effects on mean rhyme intensity in non-reduplicates (¥ = 0.91).
Reference category: First syllable of phrase-medial native coordinative compounds.

Estimate

(dB) SE df t i
(Intercept) 66297  1.093 21298 80657  <.001
SyllE2 0113 0573 10219 0198 847
PositionFinal 0259 0208 26.606 1247 223
WordtypeLoan 0023 1434 28.160 0016 987
WordtypeNSub —0284 1432 271989  —0198 844
SylF2* PositionFinal —0148 0186 347438  —0800 425

SylRE2*Wordtypeloan — —1.411 1740 31922 —0811 423
SyIHF2* WordtypeNSub ~ —0054  1.787 31603  —0031 Rk

Table 5 Estimates of fixed effects on mean ryme f0in non-reduplicates (¥ = 090).
Reference category: First syllable of phrase-medial native coordinative compounds.

Estimate

(0) SE df t i
(Intercept) 198.284  21.143 8.888 93718 <.001
SylHF2 —0632 4598 11757 —0137 893
PositionFinal —0507 1566 19666  —0324 149
WordtypeLoan —10143 12218 26667  —0830 M4
WordtypeNSub —1600 12.206 26561 —0131 897
Syll#2*PositionFinal —1894 1533 193573  —1.236 218

Syll#2* WordtypeLoan 4481 1459 29.906 0307 161
Syll#2*WordtypeNSub -~ —4983 14572 29732 —0342 135

far, accompanied by a weak phrase-final drop in mean rhyme intensity in native coordinative
compounds, but not in native subordinative compounds and loanwords. A possible phrase-
penultimate increase in F1 was also uncovered in native coordinative compounds and is
investigated more systematically in Section 2.2.5. No effect in mean rhyme f0 or F2 was
detected. Importantly, there was no evidence of a phonetic asymmetry attributable to word
stress. Furthermore, inspection of random effects revealed no important difference between
speakers; for example, in the models presented in Tables 3, 4 and 5, the variance estimates
of the random slope Syllable by speaker, which is arguably the most important for detecting
word stress, are marginal (0.00005 s, 0.01 dB and 13.16 Hz, respectively).

2.2.2 Acoustic prominence in reduplicates
The behavior of reduplicates was explored to determine if they showed evidence for
stress, and if the results obtained in Nguyén & Ingram (2006, 2007b) could be replicated.
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Tahle 6 Estimates of fixed effects on syliable duration in phrase-medial words (7 = 0.64).
Reference category: First syllable of disyllabic non-reduplicates.

Estimate

(s) SE df t D
(Intercept) 0214 0012 10285 17859 <001
SylHF2 0001 0005 23441 0168 868
WordtypeHIRed 0006 0007  67.005 0822 414

WordtypeFalseRed ~ —0002 0008 70613  —0237 814
WordtypeHFRed 0007 0007 713710 0979 331

Table 7 Estimates of fixed effects on mean rhyme intensity in phrase-medial words (# = 0.68).
Reference category: First syllable of disyllabic non-reduplicates.

Estimate

(dB) SE df t i
(Intercept) 65966 0864 18417 76381 <001
SylHF2 0240 0528 19565 0456 653
WordtypeHIRed 1111 1000 60867 1M 2N
WordtypeFalseRed 1311 1008 62863 1.300 198
WordtypeHFRed 1824 0990  b67.031 1842 on
Sylk#2* WordtypeHIRed —1342 1381 617113 —0972 339
Syl#F2*WordtypeFalseRed ~ —1600 1397 60322  —1.110 202

Syl 2* WordtypeHFRed 0121 0928 15806 0131 898

Table 8 Estimates of fixed effects on mean rhyme f0in phrase-medial words in (7 = 090).
Reference category: First syllable of disyllabic non-reduplicates.

Estimate

(0) SE df t i
(Intercept) 193990 20337 7908 9538 <001
SylkE2 —1678 47172 22387  —0352 128
WordtypeH|Red 4239 8853 63471 0479 634
WordtypeFalseRed 6036 8929 65724 0676 501
WordtypeHFRed 6846 8741 58404 0783 437
Syl#F2* WordtypeHIRed 213 120719 57554 0225 823
Syll#2*WordtypeFalseRed ~ —17026 12233 60384  —1.392 169
Sylk#2*WordtypeHFRed —0147 7702 15760 0019 985

This was done by fitting mixed models on all phrase-medial words included in the
first word list. The compounds and loanwords analyzed in the previous section (Section
2.2.1), which were not statistically different, were pooled into a single category, Non-
Reduplicates, and compared with three types of reduplicates (Word type): Head-Initial
Reduplicates, Head-Final Reduplicates and (head-initial) False Reduplicates (2a, 2b and 2¢ in
Table 1).

Models were fitted for syllable duration (Table 6), mean rhyme intensity (Table 7)
and mean rhyme f0 (Table 8). In maximal models, the fixed factors were the order of
the syllable in the word (Syllable position), the type of word (Word type) and their
interaction.
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The best duration model included the two fixed effects, but not their interaction (Table 6).
The lack of significance of the two fixed effects suggests that as for other word types (Section
2.2.1), there may be no durational prominence in reduplicates.

The best models for mean rhyme intensity (Table 7) and mean rhyme f0 (Table 8) were
more complex, but still yielded no statistically significant results. Altogether, this suggests
that there is no salient syllable in Southern Vietnamese reduplicates.

2.2.3 Focus

No evidence for word stress was uncovered in Southern Vietnamese native compounds,
loanwords and reduplicates. However, there is a possibility that one of the two syllables of
disyllables may only reveal its prominence in special conditions, by acting, for instance, as
an anchor for focus. The data in the second and third word lists were therefore analyzed to
see if there is any asymmetry between syllables when words are recorded under corrective
focus. As already explained in Section 2.1.1, the coarse loanword category tested in Sections
2.2.1 and 2.2.2 (1c in Table 1 above) was broken down into three subgroups to further test
the hypothesis that stress may be morphosyntactically conditioned; these subgroups were
coordinative Sino-Vietnamese compounds, subordinative Sino-Vietnamese compounds and
non-Sino-Vietnamese disyllabic loanwords (see Table 2 above). Mixed models were fitted for
the syllable duration, mean rhyme intensity and mean rhyme f0 of all the words of the second
word list and their focused counterparts in the third word list. The fixed factors included
in maximal models were Syllable position, Information structure, Word type and all their
interactions.

The best model for syllable duration is given in Table 9. The only significant fixed factor
in this model was Information structure, indicating that both syllables of words under focus
were longer than corresponding syllables in non-focal condition. The amount of lengthening
in focused syllables was limited (10 ms), but inspection of random effects revealed it to be
consistent in all speakers; the variance estimate for the random effect of Information structure
by speaker was 0.00003 s.

The best model for mean rhyme intensity (Table 10) kept its maximal structure, but had
no significant fixed effect. There was no evidence of intensity being used to mark focus by any
of the speakers, as shown by the small variance estimate for the random effect of /nformation
structure by speaker (0.23 dB).

The best model for mean rhyme fO (Table 11) had two significant fixed effects. First,
Sino-Vietnamese subordinative compounds had a lower mean rhyme f0 than other loanwords
(WordtypeSSub); Sino-Vietnamese coordinative compounds also approached significance.
Second, the same Sino-Vietnamese subordinative compounds had a boosted mean rhyme
fO under focus (ISFocus*WordtypeSSub). There is no reason why a specific category of
loanwords would have an overall lower mean f0, or a special behavior under focus: in fact, a
close look at the data suggests that these results were an artefact of the experimental design and
were caused by unexpected discrepancies in focus realization strategies across speakers and
tones.

To understand this, it must first be pointed out that three speakers out of 10 did not use
fO for focus marking, but relied exclusively on lengthening, as shown in Figure 3 below (the
large variance estimate for the random effect of Information structure by speaker, 83.59 Hz,
confirmed this interspeaker variation). However, what is crucial here is that the seven speakers
who did mark corrective focus with an fO boost did not apply this strategy equally to all tones.
As is again shown in Figure 3, while they boosted f0 in the rising tone B1 (sic), and to some
extent, in the high-level tone Al (ngang), they did not raise the f0 of the falling tone A2
(huyén).

This pattern provides an explanation for the two significant effects found in the model
in Table 11: they were caused by differences in the distribution of the tones in the word list.
Three out of the four non-Sino-Vietnamese loanwords bore the high-level tone Al (ngang)
(mirroring its natural prevalence in these loanwords), while Sino-Vietnamese compounds
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Tahle 9 Estimates of fixed effects on syllable duration (7 = 0.69). Reference category: First syllable
of unfocused disyllabic loanwords. Bold marks significant factors significant fixed effects.

Estimate

(s) SE df t i
(Intercept) 0.201 0015 32.680 13029 <.001
SylHF2 0.001 00Mm 32481 0,098 922
ISFocus 0.010 0.003 14.130 3.129 .007

WordtypeSCoord 0020 00N 34974 1813 078
WordtypeSSub —0013 0010 293713  —1.28% 219

Table 10 Estimates of fixed effects on mean rhyme intensity (¥ = 0.80). Reference category: First syllable
of unfocused disyllabic loanwords.

Estimate

(dB) SE df t Ji
(Intercept) 61807 1465 22166 217 <001
SylkE2 2239 1116 25006 2007 056
ISFocus —03714  0.756 6652  —049% 837
WordtypeSCoord 1716 1121 26014 1523 140
WordtypeSSub 1580 1113 25076 1419 168
Syll#£2*ISFocus 0346 0983 6.371 0358 132
Syll#2*SCoord —2791 1861 22586  —1680 107
Sylk#E2*SSub —3152 1679 23332 —1878 073
ISFocus*WordtypeSCoord 0956 1019 5831 0938 385
SFocus* WordtypeSSub 1188 0960 6423 1.287 259

Syl#2* SFocus*WordtypeSCoord ~ —1.863 1404 6056  —1.326 233
SylF2*1SFocus* WordtypeSSub —1844 1550 512 —1190 281

Table 11 Estimates of fixed effects on mean riyme f0(* = 0.93). Reference category: First syllable of
unfocused disyllabic loanwords. Bold marks significant fixed effects.

Estimate

(f0) SE df t 0
(Intercept) 206114 22288 15449 9248 <001
SylkE2 —8872 12881 23564  —0.689 498
ISFocus —4618 5099 13543  —0906 381
WordtypeSCoord —26443 12998 24422  —203b 053
WordtypeSSub -27.537 12902  23.787 -2.134 .043
Syll#£2*ISFocus 8528 4210 6.167 1996 092
Syll#2* SCoord 18607 19451 22290 0957 349
SylE2*SSub 15389 19578 22818 0786 440
ISFocus*WordtypeSCoord 8924 4327 5468 2062 089
ISFocus*WordtypeSSub 13.983  4.287 6.352 3.262 016

Sylk#2* SFocus* WordtypeSCoord —2892 6108 5912 —0473 663
SylF2*1SFocus* WordtypeSSub —11023 6430 4700 1714 151

could bear all five tones. This over-representation of the high-level tone in non-Sino-
Vietnamese loanwords resulted in their mean rhyme f0 to be higher, explaining the significant
effect of Word type. In the subset of words that were focused, on the other hand, the Sino-
Vietnamese loanwords all bore the high-level tone A1 (ngang) or the rising tone B1 (sdc), two
tones raised under focus. On the other hand, non-Sino-Vietnamese bore either the high-level
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Figure 3 Mean speaker znormalized f0 of three tones in focused and unfocused conditions, for two groups of speakers exhibiting
different behaviors.

tone Al (ngang) or the falling tone A2 (huyén). Since the latter does not undergo an f0 boost,
the non-Sino-Vietnamese loanwords included in the model had on average a lower mean {0
under focus.

The main result of this section is that there was no evidence that different types of
loanwords (coordinative and subordinative Sino-Vietnamese, non-Sino-Vietnamese) behave
differently, casting more doubt on the existence of morphosyntactically-conditioned stress.
Moreover, even if the third word list had distributional limitations, a comparison of words
recorded in focused and unfocused conditions showed that under corrective focus, the two
syllables of disyllabic words systematically undergo the same acoustic changes. That said,
some variability in focus realization strategies was encountered: while syllable lengthening
was found in all speakers and all tones, {0 raising was only found in seven speakers out of 10,
and failed to apply to the falling tone A2 (huyén).

2.2.4 Possible effect of stress on the f0 of individual tones

The mean rhyme f0 models presented so far rest on the assumption that all tones are similarly
raised or lowered when (if) stressed. However, there is a possibility that under stress, individual
tones behave differently, as they do under focus (Section 2.2.3). An expansion of the f0
range could for instance be implemented by raising high tones and lowering low tones. This
possibility was evaluated by refitting the three mean rhyme f0 models presented above (see
Tables 5, 8 and 11) with Tone and its interactions (except Tone™ Word type) as additional fixed
effects. Refitted models are reported in Appendix C (Tables A6, A7 and A8, respectively). In
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Figure 4 Speaker-normalized f0 contours of the five unchecked tones (headers) in the two syllables of disyllables and in two phrasal
position (top: medial, bottom: final). Means of all recorded data.

all of them, the main effect Tone was significant, which merely confirms that different tones
have different mean f0s. As expected, the significance of other main effects closely matched
that of the original models.

Less trivial is the fact that the large majority of interactions of Tone with other fixed
factors were not significant, casting doubt on the existence of tone-specific stress realization
strategies. There are two exceptions to this generalization. First, in the model refitted on all
non-reduplicates in medial and final positions (Table A6), tone C (h6i-ngd) had a higher
mean rhyme fO0 when sentence-final than when sentence-medial (last box of the second
row of Figure 4). This can be interpreted as a consequence of phrase-final lengthening: due
to the longer duration of the tone-bearing syllable in sentence-final position, the complex
falling-rising tone C (hoi-ngd) had time to rise to its maximum, something that it failed
to do sentence-medially. Second, in the refitted focus model (Table A8), tone A2 (huyén)
had a lower mean rhyme f0 in the second syllable of a word (second box of the top row
of Figure 4). As this effect makes little linguistic sense and has no parallel in the other two
models refitted with 7one (Tables A6 and A7), I will not attempt to interpret it here (given the
20 fixed effects tested in the model, this may very well be a spurious effect due to multiple
comparisons).

The near absence of significant interactions of 7one with other independent variables
suggests that there is no overall expansion of the f0 range (or any other tone specific effects)
in positions that could be assimilated to a stress environment.

2.2.5 Formants

For reasons discussed in Section 2.1.1, word lists perfectly balanced for vowel quality could
not be constructed; vowel quality was therefore not included as a factor in the study, but
was instead controlled for by including the random factor item (i.e. the syllable) in mixed
models. Nonetheless, there were enough tokens of each vowel to look at formant frequencies
in the entire dataset by focusing on factors that were significant in previous models (Syllable
position, Position, Information structure) without breaking down the data by Word type, a
factor that was not significant so far.

Models were fitted on F1 and F2 measured at the midpoint of the vowel nucleus. The
best models included a large number of parameters, in part because of the 12 different vowel
nuclei found in the word list /i: i u uz e 0 € a: o o a: a/. The best F1 model (> = 0.767)
included all possible main factors and interactions, except Sy/[#*IS*vowel, and thus had 61
parameters. In the best F2 model (> = 0.593), no factor or interaction could be dropped,
yielding 65 parameters. Rather than trying to present these excessively large models here,
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Figure 5 Estimated Marginal Means for the first and second formants of each vowel found in the corpus, in different conditions.
Pairs of vowels surrounded by an ellipsis have statistically different F1 at p < .01. Pairs of vowels framed in a box are
statistically different F2 at p < .01, Pairs of vowels surrounded by a dotted ellipsis have statistically different F1 and F2
at p < .01. Other vowel pairs are not statistically different.

results are illustrated by plotting vowel charts of their estimated marginal means. These charts
are grouped together in Figure 5.

In non-focused phrase-medial position (lower-left panel of Figure 5), four vowels had
significantly different mean formants in the first and second syllables: /i:/ and /a:/ had a higher
F2 when they were in the second syllable of a disyllabic word than when they were in its first
syllable, while /a:/ and /o/ had a lower F1 in the second syllable. /o/ had a higher F1 in the
second syllable, but this is probably a spurious effect: the only word that had /o/ in initial
syllable, cong ty [konm ti] ‘company’, was systematically produced with a much lower vowel
than expected. In short, there were some statistically significant differences between the two
syllables, but they could not be interpreted as an expansion or a contraction of the vowel
space, and are thus difficult to attribute to stress.

Looking at non-focused words in phrase-final position (lower-right panel), there was, like
in Nguyén & Ingram (2007a), a general tendency for F1 to be lowered in the second syllable
that reached statistical significance for the vowels /e o 9/. Nguyén & Ingram interpreted this
F1 lowering as evidence for ‘an articulatory gesture enhancement with larger mouth opening
and jaw lowering indicative of stress or prosodic strengthening’ (Nguyén & Ingram (2007a:
1755). A comparison of second syllable vowels in the lower-right panel with their counterparts
in the lower-left panel revealed that the drop in F1 was limited to second syllables in final
position, which would favor the prosodic strengthening interpretation over the stress one.
Aside from F1 differences, some phrase-final non-focused vowels showed significant, but
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inconsistent F2 variability: /a:/ and /i:/ had a higher F2 in second syllable, but /i/ and /o/ went
in the opposite direction.

F1 also seemed affected by focus. The vowels of focused words in medial position (top
panel) had a significantly lower F1 than their non-focused counterparts (lower-left panel).
Furthermore, the significant differences in F1 and F2 between syllables found in unfocused
condition (lower-left panel) were not found under focus. The only exception, the significant
difference between first and second syllable /o/, could again be attributed to the word cong ty
‘company’.

3 Discussion

The acoustic results and statistical analyses presented here yield a relatively simple picture.
All other things being equal, none of the acoustic correlates investigated (syllable duration,
mean rhyme intensity, mean rhyme f0, F1 and F2, f0 range) show a systematic asymmetry
between the first and second syllables of disyllabic words. These null results do not seem
to be caused by a lack of statistical power, as the power analyses described in Section 2.1.5
above have shown that the models and samples should be able to detect effects much smaller
than those found in previously described stress systems.

One acoustic property that could admittedly be better investigated is spectral tilt, which
has been shown to correlate with stress in unaccented syllables in a few languages (Sluijter
& Van Heuven 1996, Sluijter et al. 1997, Prieto & Ortega-Llebaria 2006). The word list
used in this study does not sufficiently control for segments and tones to allow this type of
analysis, but previous studies have found no effect of spectral tilt independent of tone in
Vietnamese (Nguyén & Ingram 2007a, b). Overall, these results strongly argue against the
existence of fixed word stress in Southern Vietnamese. As no asymmetry was uncovered in
specific word types either, the hypothesis that stress is morphosyntactically-defined should
also be reconsidered.

There is, however, a dramatic lengthening of syllables in sentence-final position, and this
effect is accompanied by a drop in F1 in some low vowels, possibly because speakers have
more time to fully realize jaw opening gestures in longer syllables. Altogether, this suggests
that the final prominence that has been previously observed in Vietnamese may exclusively
be due to phrase-final lengthening.

How can we reconcile these results with those of Nguyén & Ingram (2006, 2007a, b),
who find a consistent, if weak, second syllable prominence even inside sentences? First of all,
in their work on head-final reduplicates and coordinative compounds, duration, formants and
f0 are more prominent on the second syllable than on the first, while intensity exhibits the
opposite pattern. As these acoustic cues normally correlate in stress systems, this suggests
that we are dealing with a form of prominence distinct from stress. As Nguyén & Ingram
(2007a: 1757) carefully put it, ‘it is possible that word stress levels exist only as a phonetic
tendency in Vietnamese’. At the same time, they explicitly reject the possibility that the
second syllable prominence they find is a pre-boundary effect, on the grounds that second
syllables are slightly lengthened, but not their codas (Nguyén & Ingram 2007a, b). In any
case, it is clear that the weak second syllable prominence they uncover, whatever it stems
from, does not have the same magnitude as the increased duration found in sentence-final
syllables in the current study. As an example, the second syllable of coordinative compounds
is about 1.2 times longer than the first in Nguyén & Ingram (2007a), compared to a ratio of
1.7 in this study.

One possible explanation for the weak final prominence found in both of Nguyén &
Ingram’s experiments is that the fixed carrier sentences they used led participants to single
out the target word and realize it as its own phrase (square brackets in (2) below). From
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the examples of carrier sentences given in their papers, it is also conceivable that the words
following the target word form a phrase of their own (parentheses in (2)). Both of these
hypotheses would make the second syllable of the target phrase-final, but not sentence-
final.

) {(Co mot bong [hoa hdng]) (¢  diy)}
[ koB! mokp®?  BogmA'  hwa*! hopm®?  2¢  dejt!]
EX.COP one CLASS flower-pink at  here
‘There is a rose here.’
(adapted from Nguyén & Ingram 2007a: 1748)

Such a parsing would likely cause some phrase-final lengthening (of 4dng in (2)), but it
would not be as strong as the dramatic lengthening found in sentence-final environments. This
lengthening could in turn account for the increased f0 range and more peripheral formants
of second syllables in Nguyén & Ingram’s studies, as increased duration would allow a fuller
realization of articulatory targets. If this is interpretation were correct, Vietnamese would
not have stress, but would exhibit gradient phrase-final strengthening: the right edges of
higher prosodic domains would cause more lengthening than the edges of lower domains
(Wightman et al. 1992, Yoon, Cole & Hasegawa-Johnson 2007). This obviously requires
further investigation.

A last result of this study is that corrective focus seems to be equally marked on the
two syllables of disyllabic words. Overall, the strategies used for realizing corrective focus
in Vietnamese are similar to those that have been reported in typologically-similar Chinese
varieties, where the f0, intensity and duration of the focal syllable are systematically boosted
(Xu 1999, Xu, Xu & Sun 2004, Chen, Wang & Xu 2009). While participants did not clearly
use intensity for focus marking, they were fairly consistent in realizing focus with an increased
duration and a possibly related lower F1 at the midpoint of vowel nuclei. Moreover, seven out
of 10 participants marked focus by boosting 0 in the high tones B1 (sic) and Al (ngang),
while the low falling tone A2 (huyén) remained low. The data collected here is based on too
few tones to be easily generalizable and is not entirely comparable with previous work on
Northern Vietnamese focus (Michaud 2005, Jannedy 2008, Miller et al. 2015), but it suggests,
like previous work, that focus-marking strategies may to some extent be speaker-specific in
Vietnamese. This would not be too surprising given that the most common strategies for
marking Vietnamese focus are syntactic rather than prosodic (Michaud & Brunelle 2016).
It is also worth noting that in the current study, several participants seemed to focalize
more than the target word in a non-negligible proportion of their sentences, hinting that
prosodic manipulation may not be their most natural focus-marking strategy. In any case,
what is crucial here is that in disyllables, focus does not cause one syllable to become more
prominent than the other. There is therefore no evidence that a syllable acts as an anchor or
an attractor for focal prominence, which could have been interpreted as evidence for covert
stress.

Since no evidence in favor of asymmetrical syllable prominence was found, one of the
original motivations of this study, finding an East Asian tone language with stress but without
syllable reduction, falls flat. Southern Vietnamese appears to be similar to Cantonese and
other southern Chinese languages in that it does not have word stress.

4 Gonclusion

No evidence for any type of word prominence in Vietnamese was found in this study. When all
other factors are kept constant, there is no significant difference in duration, mean intensity,
mean {0, formants or f0 range between the two syllables of disyllabic words, irrespective of
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their morphosyntactic headedness. Furthermore, no syllable gets special prominence when
disyllables are under focus. It appears, after all, that the conservative position advocated by
Emeneau (1951) may have been the correct one: Vietnamese does not seem to have stress,
which would support the claim that some languages have no word stress at all (van der Hulst
2012, Hyman 2014).

On the other hand, the last syllable of a Vietnamese sentence is dramatically lengthened,
which agrees with traditional views of Vietnamese sentential rhythm (Emeneau 1951, Hoang
& Hoang 1975) and reflects a well-documented cross-linguistic tendency. This raises the
possibility that the very weak final prominence found in previous studies (Ingram & Nguyén
2006; Nguyén & Ingram 2006, 2007a, b) may be caused by the edges of prosodic constituents
intermediate between the word and intonational phrase. More work on the nature of such
prosodic constituents is needed.

Results also show that corrective focus is systematically realized by means of increased
duration and lower F1, but does not cause significant variation in intensity. Focus is also
realized by boosting f0 in most, but not in all speakers, and seems to affect higher tones more
than others. This partly confirms the possibility that prosodic focus has variable idiosyncratic
realizations in Vietnamese (Michaud 2005, Miller et al. 2015).
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Appendix A. Word lists
First word list

Target words

COORDINATIVE COMPOUNDS (1A—1A")

Ban ghé Ghé ban ‘furniture’
[63:1:]A2 geBl] [geBl BaZIJAZ]

Cay c6 CO cay ‘vegetation’
[kejA! ko] [ko® kejAl]

Ao quan Qudn do ‘clothes’
[arwB! won??]  [won?? awB!]

Doi nghéo Ngheo doi ‘miserable’
[doj®! pew™?]  [new™ doj®']

Tim kiém Kiém tim ‘to look for’
[timA? kimB!']  [kiimP! timA?]
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SUBORDINATIVE COMPOUNDS (1B)

Sdn bay ‘airport’
[son?! Ba:jAl]
Rdi ca ‘otter’

[ra:;jB! kaB']

Thuyén budm ‘sailboat
[t"gimA? BuimA?]

Céi ci ‘radish’
[ka:j© ku®]

Maéan hau ‘k.o. plum’

[mon®? howB?]

LOANWORDS (1)

Ban cong ‘balcony’
[6an™! kopmA']

Bdo cdo ‘report’
[6arwB! karwPB!]

Sai Gon ‘Saigon’

[sa:jA? gon?]

My man ‘beautiful’
[mi® mamn®]

Phu kién ‘accessories’
[fuB? kimB?]

Reduplicates

BASE HEAD-INITIAL (2A) HEAD-FINAL (2B) FALSE (2C)

Vui Vui vé Vui vui Vui thich ‘happy’
[vuj']  [vujA! vet] [vujA! vujAl] [vujA! thitP!]

Moi Moi mé Moi m@i M6 la ‘new’
[mo:;jB!]  [morj®' me®] [mo;jA! maijB®']  [morjB! 1aB?]

Ranh Ranh ré Ranh ranh Ranh rot ‘in depth’
[ran®?]  [ran®? reC] [ran®? ran??] [ran’? rotP?]

Nhé Nh6 nhé Nho nhé Nhé nhuyén  “small’
[n0°] [no ne] [no™! o] [no nyimn®]

Gon Gon ghé Gon gon Gon nhe ‘tidy’
[9o9™]  [gon®* ge“] [gon*? gon®] [gon™* ne®]
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Randomized list .
Nhudm toc da lac hédu roi. Bdy gio’ c6 mot phong trao mo'i ho'n la xam ngo'i.
[nu:m®? tokpP! da® la:kP? how®? r0jA2. 614! jorA? koB! mokpP? fon?! tfa:wA? maijB! homA!
l1a? sam?! ni;jA?]
Di Viing Tau chdn nén nha Hing di ché nao vui vui hon.
[di*! vupm© ta:w?? camB! nen?! na*? hupmA? di*! co® narwA? vujA! vuj”! ham*!]
O cong vién Tao Pan c6 nhiéu céy cé.
g y
[20€ kogmA! vimA! tarw?! dam”? koB! pitw”? kej”! ko]
Thé'i bao cdp nha Vi nghéo déi lim.

A2 ViAl 1]8WA2 CijBl lamAl]

[t":jA2 ba:wA! kopP! pa
Anh Tudn néi tiéng Han Quéc ranh roi.

[?an®! tum®! nojB! timPB! ham*? wokP! ran?? roj*?]

Va li quan do ciia Giang dwo'c xép gon gon ho'n va li ciia Chi.

[va?r! liAl won? arwPB! kuo® jam™! dikP? sepP! gon”? gonP? homA! var! 1i*! kua® ci®!]
S0 thu Sai Gon c6 hai con rdi cd dic.

[so® t"uB! sa:jA? gon?? koB! haijA! kon?! ra:;jB! kaP! dikP?]

Trdi cdy ré nhit & Lang So'n la mdn héu.

[tfa:B! kejAl re€ pokP! 20 lam®? somA! 1a%? mon®? how??]

Va li quén do ciia Giang dwo'c xép gon hon va li ciia Chi.

[va®! 1iA! wan®? a:wB! kuo® jamA! ditkP? sepP!gon®? hom?! vat! 1iA! kuoC cif!]

O khich san do, phong nao ciing cé ban cong rong.

[20€ xatP! samPB? d5B! fopmA? na:w”? kupm® koB! fam?! kogmA! ronm®B?]

Nha Phwong khong co tién mua do qm”in.

[na? fipA! xonmA! koB! timA? muo?! 2arwB! won?]

Hién nay xe mdy Han Quéc cé nhiéu phu kién.

[hi:m®? na;jA! xeA! ma:jB! ham*? wokP! koB! pirw”? fuB? kimPB?]

M Chi néi nho nhé ho'n con gii.

[maP! ¢i*! najB! no*! noC ham?! kon®! gasjB!]

0 céng vién Tao Pan cé nhiéu cdy co cao.

[20€ kogmA! vimA! tarwA! damA? koB! pi:wA? kej! ko© karwA!]

Anh Tudn néi tiéng Han Quéc ranh ré réi.

[?an?! tumPB! nojB! timPB! ham”? wokP! ran*? re€ rojA?]

O Ha Néi di ché nao ciing phéi tim kiém.

[20€ ha’? nojB? di*! co® na:w”? kupm® fa:;j€ tim*? kimB!]

Nhuém toc di lac hiu roi. Bdy gio’ c6 mot phong trao mo'i ho'n la xam ngio'i.

[nu:mPB? tokpP! da® la:kP? howB? r0jA2. 61! joA2 koB! mokpP? fon?! tfarw”? mo:jB! homA!
1a”? sam?! nijA?]

Nha Phwong khéng cé tién mua do quin cii.

[na’? fin?! xonmA! koB! timA? muo?! 2arwB! wan?? kuC]
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Di Viing Tau chdn nén nha Hing di ché nao vui thich ho'n.
[di*! vunmC tarw”? camP! nen?! pa?? hupm”? di*! co® na:w”? vujA! thitP! homA!]
S¢ thii Sai Gon c6 hai con rdi cd.

[so€ thuB! sa:jA? gon?? koB! ha:jAl kon?! ra:;jB! kaP!]

Sau khi vé Viét Nam anh Hoa phai lam bdo cdo dai.

[sarwAl xiAl

veA? vitkP? naimA! an?! hwa?? fa:;j¢ laim®? fa:w®! karw®B! jaij”?]

Nha Phwong khéng c6 tién mua do quan.

[na’? fip! xopm™! koB! tim”? muo?! 2arwB! won??]

O My khéng c6 ci cit ngon.

[20€ mi® xonmA! koB! kaij© ku® non”']

Hién nay xe mday Han Quéc co nhiéu phu kién tot.

[hin®? na:jA! xeA! maj®! ham*? wokP! koB! ni:wA? fuB? kim®? tokpP']

Nhuém toc dé lac hdu roi. By gio’ c6 mot phong trao mo’i md'i ho'n la xdm nguw'o'i.
[nu:mB? tokpP! da:€ laikP? how®? roj2. 6iA! jor’? koB! mokpP? fon”! tfarwA? majA!
mo:jB! hom?! 1a%? sam”! nijA?]

Tho'i bao cdp nha Vi déi nghéo lam.

[t"orjA? BarwA! kopP! nat? viA! dojB! new”? lamA!]

Va li quén do ciia Giang dwoc xép gon ghé ho'n va li ciia Chi.

[va®! liAl won”? arwPB! kuo® jam™! dikP? sepP! gon®? ge© hom™! var! 1iA! kuo® cit!]
Nha ba md Tudn c6 nhiéu ban ghé.

[na’? 6a*! ma®! tumPB! koP! pizw”? pam*? geB!]

6ng di vong quanh thé gi¢'i bing thuyén buom cb.

[ogmA! di*! vonmA? quan?! t"eB! jo:;jB! ban?? t"yimA? burm”? ko®]
Nhuom téc da lac hiu roi, bdy gio' cé mot phong trao mé'i mé ho'n la xdam ngw'o'i.

[nu:m®B? tokpP! da® la:kP? how®? r0jA2. 6iA! joA? koB! mokpP? fon?! tfa:w”? moyjB! me®
hom?! 1a%? samA! ni;jA?]

Mad Chi néi nhé ho'n con gdi.

[maB! ci?! noj®! po® homA! kon”! gazjB!]

Trdi cdy ré nhit & Lang Son la man hdu chua.

[tfa:jB! kejA! re€ nokP! 2o lamPB? som®! 1a%? mon®? how®? cuo?!]
Két qua thi dai hoc ciia Hing my mdn qud.

[ketP! wa® t"iA! da:jB? hokpP? kuo® hupm”? mi® mam® waPB!]
Md Chi nhé con ho'n con gii.

[maB! ci?! no® kon”! homA! konA! gazj®!]

Nha ba md Tudn c6 nhiéu ghé ban.

[na*? ba’r! ma®! tumB! koB! pirwA? geB! bam”?]

O Ha Néi di ché nao ciing phii kiém tim.

[2€ ha?? nojB? di*! co® na:w”? kupm® fa;j¢ kimB! tim#?]
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Nhuom téc da lac hdu roi. By gio’ c6 mot phong trao mo’i mé'i ho'n la xdm ngwo'i.
[nu:m®B? tokpP! da® la:kP? howP?? rojA2. 6iA! joA? koP! mokpP? fonA! tfa:rw”? moijA! mo:jB!
homA! 1a4? samA! nitjA?]

o0 cong vién Tao Pan cé nhiéu cé cay.

[20€ kogmA! vimA! tarwA! dam?? koB! pitwA? ko kejA!]

Anh Tudn néi tiéng Han Quéc ranh ranh roi.

[?an?! tumPB! nojB! timP! hamm”? wokP! ran*? ran?? rojA?]

0 céng vién Tao Pan cé nhiéu cé cdy cao.

[2o€ konm?! vimA! tarwA! dam?? koB! piiw”? ko® kejAl karwA!]

6ng di vong quanh thé gidi bing thuyén buom.
[onmA! di*! vogmA? quan®! theB! jorjB! ban™? thyimn? buimA?]
Bic Kinh c6 hai sin bay.

[6akP! kinA! koB! ha:jA! son®! ba:jA!]

The'i bao cip nha Vi nghéo ddi.

[t"a:jA2 BarwA! kopP! nat? viAl new”? daj®']

Mad Chi noi nhé nhé ho'n con gdi.

[maB] A B]]

ci*! noj®! no® ne® hamA! kon?! ga;j

Di Viing Tau chdn nén nha Hing di ché nao vui hon.
[di*! vunmC tarw?? camPB! nen?! pa?? hupm”? di*! co® na:w”? vujA! ham”!]
O Cali Viét Kiéu nhé cupc séng ctia Sai Gon ci.

[2o€ ka?! 1iA! viikP? ki:w™? noP! kwkP? sonm®! kuo® sazjA? gon”? ku®]
O Ha Néi di ché nao ciing phéi tim kiém ky.

[20€ ha’? nojB? di*! co® na:w”? kupgm® fa;j© timA? kixm®B! ki¢]

Két qué thi dai hoc cia Hing my man.

[ketP! wa® t"A! da:jB? hokpP? kuo® hupm”? mi® man©]

The'i bao cip nha Vi déi nghéo.

[t"a:jA2 BarwA! kopP! nat? viAl dojB! new”?]

Sau khi vé Viét Nam anh Hoa phi lam bdo cdo.

[sarwA! xiAl veA? vitkP? narm?! anA! hwa®? fa:;j¢ laim”? pa:w®! karw®!]
O Ha Néi di ché nao ciing phéi kiém tim k.

[20€ ha*? nojB? di*! co® narw”? kugm® fa;j¢ kim®! timA? ki€]

Nha Phwong khéng cé tién mua quan do cii.

[na? fip™! xonm®! koB! timA? muo?! won? 2a:wB! kuC®]

O khich san do, phong nao ciing cé ban cong.

[2o€ xatP! samB? doP! fonmA? narwA? kunm® koB! fam?! konm*!]

Bic Kinh c6 hai sin bay Ién.

[6akP! kinA! koB! haijA! san?! bazj”! lomB!]

Nha Phwong khéng cé tién mua quan do.

[na’? fin”! xonmA! koB! timA? muo?! won?? 2arwB!]
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Nha ba md Tudn c6 nhiéu ban ghé dep.

[na:A? fa:A! ma:B! tumPB! koB! pi:wA? pam? geB! depP?)
O My khéng c6 céi cu.

[20€ mi® xogm?! koB! ka;j© ku®]

Di Viing Tau chdn nén nha Hing di ché nao vui vé hon.
[di*! vunmC tarw?? camPB! nen?! pa?? hupm”? di*!' co® na:w”? vujA! ve© hom*!]
Nhuém téc di lac hdu roi, biy gié’ c6 mét phong trao méi la hon la xim ngwo'i.

[nurmB? tokpP! da® laxkP? how®? r0jA2. 6iA! joA? koB! mokpP? fon?! tfa:w”? morjB! 1aB2
homA! 1a%? samA! nizjA?]

Va li quén do ciia Giang dwo'c xép gon nhe ho'n va li ciia Chi.

[va®! liA! won? arwPB! kuo® jam?! dikP? sepP! gon®? neB? homA! vaA! 1iA! kuo® ci®!]

Second word list

Target words

SINO-VIETNAMESE COORDINATIVE ~ SINO-VIETNAMESE

COMPOUNDS SUBORD. COMPOUNDS FOREIGN LOANWORDS
Giao théng  ‘transportation Congty  ‘company’  Phan Rang ‘Phan Rang’
[jarwA! thonmA!] [konmA! tiA!] [fam?! ramA!]

Bao cao ‘report’ Yéu té ‘element’ Sai Gon ‘Saigon’
[6a:wB! karwPB!] [2i:wB! toB!] [sa:jA? gon™?]

Hoa binh ‘peace’ Tién dé ‘premise’ Ban cong ‘balcony’
[hwa’? pin’?] [tim? de”?] [6am™! kopmA!]

My man ‘beautiful’ My phém ‘cosmetics’ Xdng dan ‘sandal’
[mi® mamn®] [mi¢ fom©] [sap”! dan?!]

Van dong ‘active’ Phu kién  ‘accessory’

[van®? donmB?] [fuB? kimP?]

Randomized word list . . ]
Hién nay xe mdy Han Quoc cé nhiéu phu kién tot.

[hi:®? na;jA! xeA! ma:;jB! ham*? wokP! koB! pizw”? fuB? kim®B? tokpP']

0 Cam-pu-chia, cé chinh sich mé'i vé hé théng giao théng tot.

[20€ karm™! pu?! chio?! koP! cinB! satP! mo:jB! ve”? heP? thopmB! jarwA! thon?! tokpP!']
Chinh quyén Lao Cai muén ba con trong cao su nén phai tuyén truyén vin dong manh.
[chinB! gim”? larw?? ka;jA! mumB! 62”2 kon?! tfogmA? karw?! su®! nen?! fa;jC tyim!
tfyimA? vonB? dogmA! man®?]

Dé phién tich sw nghéo déi, Té chitc Nong lwong Thé gid'i dwa ra mét yéu t6 mdi.

[deC fop™! titP! siB? new’? dbjB! toB! cikP! nonmA! limA! theB! jorjB! dio®! ra®! mokpP?
2i:wB! toB! morjBl]
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O ILriic, rit khé ldp lai hoa binh that.

[20C 214 rakP! rokP! xoB! lopP? 1a:jB? hwa? 6in”? thokP?]

Nghién c®u nay diwa vao ba tién d@é lon.

[nimA! kiwPB! naijA? jioB? varwA? pa’! timA? de”? lomPB!]

Két qua thi dai hoc cua Hing my mdn qud.

[ketP! wa® t"A! daijB? hokpP? kuo® hunm”? mi¢® mam® waP']

O khich san do, phong nao ciing cé ban cong rong.

[20€ xatP! samPB? d5B! fopmA? na:w”? kupmC koB' fam?! kogmA! ronm®?]

O Cali Viét Kiéu nhé cujc song ciia Sai Gon ci.

[20€ ka?! 1iA! viikP? kizw™? noB! kukP? sonm®B! kuo® sa:jA? gon”? ku®]

Tt khi thay d6i ranh gi¢i hanh chinh, Thdp Cham thuéc vé thanh phé Phan Rang md'i.
[tiA? xiAl thagAl doj© ran®! joijB! han?? cinP! tha:pP! caimA? thwkP? ver? than?? foP!
fam®! ram?! mozjB!]

Hbi triwedc, Bic Ho thich di dép cao su, nhwng Bdc Gidp thich di xing dan da.

[hojA? tfikP? bakP! ho?? thtP! dir! jepP! karw”! su?! pigA! bakP! japP! thitP! dif!
sap! dam?! jar!]

Kinh té Xinh-ga-po rit phdt trién nén c6 nhiéu cong ty lo'n.

[kin®! teB! sin?! ga’! po! rokP! fa:tP! tfim® nen?! koB! pirw”? konmA! ti*! lomPB!]
Sau khi vé Viét Nam anh Hoa phi lam bdo cdo dai.

[sarwA! xiA! veA? vitkP? narm?! anA! hwa®? fa:;j¢ laim”? pa:w®! karwPB! ja:jA?]

Hién nay, phu nit Nhit rt thich mua mﬁphém Phdp.

[hi:n®? na;jA! fuB? ni€ pokP? rokP! thitP! muo®! mi® fomC farpP!]

Third word list

Target words
Subset of first and second word lists.

Randomized word list .

Nhudm téc di lac hdu roi. Bdy gio’ cé mot phong trao la ling ho'n la xdm ngio'i.

[nu:mB? tokpP! da® lazkP? howB? r0j#2. 61! joA2 koB! mokpP? fon”! tfarw”? 1aB2 lunm”?
hom?! 1a”? sam?! ni;jA?]

o Khong phai! Cé mot phong trao mé'i mé ho'n la xdm ngwo'.
o [xonmA! fa:;j€ koP! mokpP? fon?! tfarw”? mo:jB! me® homA! 1aA? samA! nirjh?]

Nha ba md Tudn cé nhiéu tii sdch dep.
[na? ba’! ma®' tun”? koB! pirwA? tu® satB! depP?]

o Khéng phéi! Ho co6 nhiéu ban ghé dep.
o [xonm™! fa:;j€ hoB? koB! pirwA? pam™? geB! depP?]

Bic Kinh c¢6 hai céng Ién.
[6akP! kinA! koB! ha:jA! kam® lom®B!]

o Khéng phai! Bic Kinh cé hai sin bay Ién.
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o [xonm™! fa;j¢ bakP! kin®! koB! ha;jA! sop?! fa;jA! lomPB!]

Nha Phwong khéng cé tién mua ti lanh ci.

[na®2 fipA! xogmA! koP! tim*? muo®! tuC lan®? kuC]

o Khong phéi! Ho khéng co tién mua quan do cil.

o [xonm”! fa;j¢ hoB2 xonm*! koP! timA? muo?! wop? 2a:wB! ku®]

Di Viing Tau chdn nén nha Hing di ché nao dong dong hon.

[di*! vupmC ta:w”? camPB! nen?! pa*? hupmA? di*! co® narw”? dopmA! donm*! ham*']

o Khéng phai! Nha Hing di ché nao vui vui ho'n.

e [xonmA! fa;j¢ pa?? hupm”? di*!' co® na:w”? vuj*! vujA! ham”!]

0 Cam-pu-chia, cé chinh sich méi vé gido duc tot
[20€ kam®! pu?! chio®! koP! cinB! satP! ma;jB! ver? jarwB! jukpP? tokpP!]
e Khéng phai! C6é chinh sdch méi vé hé théng giao thong tét.

o [xonmA! fa;j¢ koB! cinB! satP! mo:jB! veA? heB? thonm®! jarwA! thonmA! tokpP!']

8¢ thii Sai Gon c6 hai con sw tif diec.

[so€ thuB! sa:jA? gonA? koB! ha:jAl koAl sit! ti€ dikP?]

o Khéng phéi! Ho c6 hai con rdi cd dic.

o [xonmA! fa:;j¢ hoP? koP! hai;jA! kon?! raij®! kaB! dikP?]

Kinh té Xinh-ga-po rit phdt trién nén cé nhiéu toa nha lé'n.

[kinA! teB! sinA! ga®! po?! rokP! fa:tP! tfim® nen®! koP! pirwA? twa®? pa? lomB!]
o Khéng phdi! Xinh-g a-po co nhiéu cong ty lo'n.

o [xonmA! fa;j€ sin®! gaA! pot! koP! pirwA? konmA! ti?! lomPB!]

Di Viing Tau chdn nén nha Hl‘mg di ché nao déng diic ho'n. .

[di*! vunmC tarw?? camP! nen?! pa?? hupm”? di*!' co® na:w”? dopm”'! dikP' hom”!]
o Khéng phai! Nha Hing di ché nao vui vé hon.

A2 (Al

o [xonm?! fa;j¢ pa*? hupm co® na:w”? vujA! ve® ham”!]

Sau khi vé Viét Nam anh Hoa phai lam two'ng trinh dai.
[sarwA! xiA! veA? vitkP? narm®! an?! hwa*? faij© laimA? tim®? tfin? ja;jA?)

o Khéng phai! Anh phéi lam bdo cdo dai.
o [xonmA! fa;€ an®! fa;j€ laimA? parwB! ka:w®! ja:;jA?]
Dpé phén tich sw nghéo déi, T 3 chitc Noéng lwong T hé gidi diva ra mot nguyén tic mdi.

[de€ fopA! titP! siB2 new”? dbjB! toB! cikP! nogm™! limA! theB! joijBl dio?! ra®! mokpP?
nyim?! takP! majB!]

e Khong phi! Ho dwa ra mét yéu té méi.
o [xonm™! fa;j€ hoB? dio”! ra! mokpP? ?i:wB! toB! morjB!]

Nha Phwong khéng cé tién mua ban ghé cii.
[na? fup”! xonmA! koP! timA? muo?! bamn”? geB! ku®]

e Khong phi! Ho khéng cé tién mua do quan cil.
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o [xonm™! fa;¢ hoB2 xonm®! koB! timA? mua?! 2a:wB! won”? ku®]

O khich san do, phong nao ciing co givo'ng rong.

[20€ xatP! samPB? doB! fopmA? na:wA? kunm® koB'! jim*? ronm®?]

o Khong phai! Phong nao ciing cé ban cong rong.

o [xonm?! fa;j¢ fonpm*? na:w”? kunpm® koB! fam*! konmA! ronm®?]

O Cali Viét Kiéu nhé cujc séng cia Ha Nji cii.

[2o€ ka”! 1iA! viikP? ki:w™? noP! kuikP? sonm®! kuo® ha’? noj®? ku®]

o Khong phéi! Ho nhé cudc song ciia Sai Gon cii.

o [xonm?! fa:;j€ hoB2 noB! kukP? sonm®! kus® saijA? gon?? ku®]

Nhuém toc di lac hiu roi. Bdy gio’ co6 mot phong trao ky qudc ho'n la xam ngio'i.

[num® tokpP! da€ TakP2 howP? £ojA2. 61! joA2 koP! mokpP? fonA! tfa:wA2 kiA2 wakD?
hom! 1a%? samA! nijA?]

o Khéng phai! Co mét phong trao mo’i md'i ho'n la xdm ngwo'i.

o [xogmA! fa:;j€ koP! mokpP? fonA! tfarw”? mo;jA! maijB! homA! 1aA? samA! nijA?]
Nha ba md Tudn cé nhiéu chiéc xe dep.

[na*? 6ar! maB' tum™? koB! citkP! xeA! depP?]

e Khéng phai! Ho cé nhiéu ghé ban dep.

o [xonmA! fa:;j€ hoP? koP! pirtwA? geB! bam™? depP?]
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Appendix B. Mixed models for coordinative and reversed coordinative compounds

Table A1 Estimates of fixed effects on syllable duration of Native Coordinative Compounds and Reversed
Native Coordinative Compounds (# = 0.833). Reference category: First syllable of Reversed
Native Coordinative Compounds in medial position. Bold marks significant fixed effects.

Estimate

(s) SE df t D
(Intercept) 017 018 23210 16.061 <001
Syll2 0.001 010 11497 0140 891
WordtypeCoord —0.001 009 7768 —0121 907
PositionFinal 0002 008 13.957 0.259 800

Syli#2*PositionFinal 0152 .003 1258.085  49.920 <.001

Table A2 Estimates of fixed effects on mean rhyme intensity of Native Coordinative Compounds and
Reversed Native Coordinative Compounds (7 = 0.899). Reference category: First syllable of
Reversed Native Coordinative Compounds in medial position. Bold marks significant fixed effects.

Estimate

(dB) SE df t Ji
(Intercept) 65402 1.318 17930 49608 <001
SyllE2 0698 0833 6.292 0718 498
WordtypeCoord 0160 0823 6.007 0195 852
PositionFinal 05617 0334 13821 1548 144

Syli#2*PositionFinal ~ -0.467 0.236  1263.138 -1.975  <.001

Table A3 Estimates of fixed effects on 7 at midpaint of vowel nuclei of Native Coordinative Compounds and
Reversed Native Coordinative Compounds (# = 0.752). Reference category: First syllable of Reversed
Native Coordinative Compounds in medial position. Bold marks significant fixed effects.

Estimate

(H2) SE df t i
(Intercept) 656.388 90857 8159 1224 <001
Syll2 —10471 11824 6617 —0862 49
WordtypeCoord —93876 121467 6604  —0.773 466
PositionFinal 66.767 19.164 9.174 3.486 .007
Syll#2* WordtypeCoord 212541 238341 6127 0892 406
Syli#2* PositionFinal -72931 26659 8.757  -2.736 .024
WordtypeCoord* PositionFinal —6462  26.759 8897  —024 815

Syll#F2* WordtypeCoord* PositionFinal 22347 48419 5964 0462 661
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Table A4 Estimates of fixed effects on F2 at midpoint of vowel nuclei of Native Coordinative Compounds and
Reversed Native Coordinative Compounds (7 = 0.521). Reference category: First syllable of Reversed
Native Coordinative Compounds in medial position.

Estimate

(H) SE df t i
(Intercept) 1569.398 237.756 6.828 6601 <001
SylkE2 —75.709 331486 6405  —0228 826
WordtypeCoord 9213 331.031 6420 0028 979
PositionFinal —10411 58185 16036  —0.179 860
SylF2* WordtypeCoord 99.336 654.026 6116 0162 884
Syll#£2* PositionFinal 90.310 76467  13.731 1.181 258
WordtypeCoord* PositionFinal 72993 77048 14226 0947 359

SylHF2* WordtypeCoord*PositionFinal ~ —164.757 124127 6008  —1327 233

Table A5 Estimates of fixed effects on mean rhyme 0 of Native Coordinative Compounds and Reversed
Native Coordinative Compounds (7 = 0.824). Reference category: First syllable of Reversed Native
Coordinative Compounds in medial position.

Estimate

(Hz) SE df t i
(Intercept) 207336 21810 9.205 95607 <001
SylHF2 —17586 11.370 8919  —0667 522
WordtypeCoord —13006 11.263 8610 —1.1%5 219
PositionFinal —1451 2291 2079%  —0633 533
SylHF2* WordtypeGoord 11689 20446 599 0672 588
Syl#F2* PositionFinal —3064 1827 1261990  —1677 094

WordtypeCoord* PositionFinal 0987 1844  1266.829 0635 592
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Appendix C. Mixed models for mean syllable 0 including tone as a fixed effect

Tahle A6 Estimates of fixed effects on mean rhyme 0, all phrase-medial words (¥ = 0.94). Reference category:
First syllable of disyllabic non-reduplicates with tone BT (scic). Bold marks significant fixed effects.

Estimate
(H2) SE df t Ji
(Intercept) 215984 20736 8.508 10416 <.001
ToneHoiNga -41.209 9862  53.675 -4178  <.001
ToneHuyen -33.513 8768  54.157 -3822 <.001
ToneNang -55.964 11.417 37.774  -4879 <.001
ToneNgang —2990 9851 53443 —0.304 783
Syll#2 —7265 4916 5869  —1478 191
PositionFinal 0264 2324 39.809 03 910
WordtypeLoan —0951 6428 19697  —0148 884
WordtypeNSub 7597 6396 19.306 1.188 249
Syll#2*PositionFinal —3432 2313 303303  —1484 139
Syl#2*WordtypeLoan —1283 802 26831 —0.160 874
Syll#2* WordtypeNSub —10452 7979 20248 —1310 202
Syll#2* ToneHoi 13298 8680 8133 1532 163
Syll#2* ToneHuyen 10586 6.363 5421 1.666 152
Syll#2* ToneNang 18462 13030 24618 1416 169
Syll#F2*ToneNgang 15.662 8,601 7963 1.810 108
Syll#1*PositionFinal* ToneHoiNga —112 3420 39.003  —0.501 619
Syl 1*PositionFinal *ToneHuyen —1329 2915 34615 —0456 651
Syll#1*PositionFinal *ToneNang —1590 3962 2935 —0401 631
Syll#1*PositionFinal *ToneNgang —1.801 3817 31729 —0533 597
Syll#2* PositionFinal* ToneHoiNga 11585 3.283  34.909 3.529 .001
Syll#2*PositionFinal *ToneHuyen —1311 2952 36300 —0444 660
Syll#2* PositionFinal *ToneNang —3604  38% 28422 —0925 363
SyllHF2*PositionFinal *ToneNgang -0 3.258 34614 —0237 814
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Tahle A7 Estimates of fixed effects on mean riyme 10, all phrase-medial words (7 = 0.90). Reference
category; First syllable of disyllabic non-reduplicates with tone D1 (checked scic). Bold marks
significant fixed effects.

Estimate

(H2) SE df t i
(Intercept) 225009 24554 16097 9164 <001
ToneHoiNga -45250 15.451  44.557 -2.929 .005
ToneHuyen -38.159 15.039  46.023 -0.537 015
ToneNang -57.623 15.886 45270  -3.627 .001
ToneNgang —12165 15268 45666  —0.797 430
ToneSac —11811 13884 46089  —0.861 399
Syll#2 —1900 6406 25667  —0297 769
WordtypeHIRed —1643 5806 62.768  —0.283 178
WordtypeFalseRed 0269 5907 66.991 0046 964
WordtypeHFRed 023 583 64108 0.040 968
Syl#2*WordtypeHIRed 15.740 8162 50570 1928 059
SylHF2* WordtypeFalseRed —3320 8309 539%  —0400 691
Syll#2* WordtypeHFRed 1304 7293 22060 0.186 854
Syl#2*ToneHoiNga —4984 9447 %019  —0528 602
Syl#F2* ToneHuyen —3.681 8.285 19562  —0444 662
Syll#2*ToneNang 463 1054 31.048 0519 608
Syl#2* ToneNgang 9410 916 26.002 1027 314

—

Table A8 Estimates of fixed effects on mean riyme f0 (7 = 0.95). Reference category: First syllable of
unfocused disyllabic loanwords with tone B1 (sczc). Bold marks significant fixed effects.

Estimate
(Hz) SE df t Ji
(Intercept) 223306 21557 16018 10359 <001
ToneHoiNga —2667 14754 17681 —1808 088
ToneHuyen -28.560 11.818 20.818  -2.417 025
ToneNang -36.474 12484  20.144 -2.922 .008
ToneNgang —13502 10847 20868  —124b 226
Syll#2 7864 16.321 13.178 0482 638
ISFocus —4166 3930 11360  —1067 312
WordtypeSCoord -21.289 7805 18.518 -2.728 014
WordtypeSSub -22637 7642 17.398  -2.962 009
Syll#2*ISFocus 9517 4230 6415 2.250 063
Syl#F2* WordtypeSCoord 16976 12.689 13910 1.349 199
Syll#2* WordtypeSSub 13373 12586 13918 1063 306
Syl#2*ToneHoiNga —10527 17766 13514 —0593 563
Syll#2*ToneHuyen -37.791 15.018  13.408 -2.526 .025
Syll#2*ToneNang —20387 15918 13606  —1.261 222
Syl#2*ToneNgang —13040 13654 13257  —095% 357
Syl#F1*1SFocus* WordtypeSCoord 8661 4340 5559 1993 097
Syll#1*ISFocus* WordtypeSSub 13.858  4.249 6.528 3.261 015
Sylk#2* SFocus* WordtypeSCoord 3503 421 6.556 0820 A
SylHF2*1SFocus* WordtypeSsub 3008 4303 6.758 0m 501
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