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Abstract

This study presents an acoustic investigation of word level
prosody in the Oceanic language Vera’a. The analysis is based
on a corpus of speech data collected during fieldwork from mul-
tiple speakers. A previous description of Vera’a suggests the
language has lexical stress but its acoustic realisation was not
further investigated. This study provides the first instrumen-
tal examination of five acoustic measures and their relation to
prominence marking. The evidence indicates that vowels in the
last syllable of the root are more prominent. However, these
observations are restricted to some acoustic parameters.

Index Terms: root, word prominence, acoustic correlates,
Oceanic languages, prosodic typology

1. Introduction

Despite a growing body of research dealing with the phonetics
and phonology of word prosodic systems in the Austronesian
language family [1, 2, 3, 4, 5, 6, 7, 8], instrumental quantitative
studies in this field remain under-represented. Word prosodic
systems in the Austronesian language family are of particular
interest since previously reported lexical stress patterns have
been challenged in the literature [9] showing a tendency for
phrasal edge-marking prosodic typology [10]. As an example,
in Indonesian, a language often spoken by multilingual speak-
ers, studies have shown that lexical stress might not be present.
Instead the evidence suggests a pattern of phrasal prominence.
Additionally, these studies show that perception and production
of prominence may vary depending on other languages spoken
by individuals [11, 12].

As Gordon and Roettger [13] point out, one particular issue
that studies examining word prosodic systems struggle with is a
lack of control for prosodic boundary phenomena. The authors
suggest to control for target words not to be placed at phrasal
boundaries and to include a sufficiently large sample of lexical
items (although they do not specify number of items or speak-
ers). Efforts to implement state of the art phonetic analysis on
under-documented languages from the Pacific have yielded im-
portant results. Recent instrumental work on Austronesian lan-
guages from the Oceanic subgroup indicate that impressionistic
reports from the literature do not bear out when tested experi-
mentally. These studies include data from multiple speakers and
tested speech produced in different contexts while controlling
for phrasal boundary effects. Contra previous claims, acoustic
phonetic studies on Nafsan and Drehu show that these are edge-
marking languages and prominence is realised post-lexically
[5, 14, 8]. Interestingly, Nafsan and Drehu are languages that
do not display weight sensitivity in their prominence marking
systems. Although in both languages there is a phonemic vowel
length distinction [15, 16, 17], prominence lending pitch peaks
align with boundaries of phrases [5] or prosodic constituents
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such as accentual phrases [8]. We here report findings from a
corpus study of Vera’a, another Oceanic language that is closely
related to Nafsan and Drehu within the subgroup of Eastern
Oceanic languages and is spoken in North Vanuatu.
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Figure 1: Waveform, FO trace, and spectrogram of an utterance
from the corpus. The root in the utterance is masogi ‘time’.

1.1. Typological features of Vera’a

Vera’a is a canonical Oceanic language in the sense of [18]:
Phrase structure is head-initial and word order on clause level
is SVO. Adpositional phrases are all prepositional phrases, and
on NP level heads precede any modifiers. The only exception is
that articles precede NP heads, and so does a small set of quan-
tifiers. The language is mostly analytic, the only affixes being
possessive suffixes that attach to nominal roots. The phonology
of Vera’a is similar to that of nearby languages: it has 17 con-
sonant phonemes — including a double-articulated labio-velar
plosive and a double-articulated labio-velar nasals — and seven
vowel phonemes (e, e, €, 1, 0, 0, u/). Vera’a differs from a range
of languages in its neighbourhood though in that vowel length
is not phonemic. Syllable structure is (C)V(C), occurring word
internally and finally. Complex margins of the type CCV or
VCC are only marginally present. In the sketch grammar of the
language [19], word stress was impressionistically determined
to fall on the final or penultimate syllable of a word (a word
equals a bare root in our study). Alternatively, when the last
syllable of a word is heavy (e.g., CVC) it is said to bear stress.
There is no indication that stress could be distinctive in Vera’a
and it is not known that words are distinguished based on stress.

1.2. Methodological considerations

In this exploratory study we focus on selected acoustic parame-
ters that have been associated with stress and prominence mark-
ing cross-linguistically [20]. Taking into account recent evi-
dence from other Oceanic languages [5, 14, 8] this study seeks
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to remain agnostic as to whether there is lexical stress in the lan-
guage, especially considering that there is no evidence of mini-
mal pairs based on this criterion. Instead we set out to examine
whether there is acoustic evidence for a prominence pattern at
the word/root level. In doing so we leave the question open
as to whether Vera’a displays a lexical stress-accent to which
post-lexical phrase accents dock on, as typically known from
languages such as English [13, 21]. As previous studies have
shown, some languages can also display misalignment between
stress and post-lexical phrase level prosody meaning that a de-
marcating and highlighting function need not be aligned [6, 22].
A more detailed explanation for this methodological choice can
be found in the discussion. Similar to [4], we draw on nar-
rative discourse data which has the advantage of representing
speech production in connected discourse rather than isolated
utterances. Our data, however, stems from a larger language
documentation corpus, which bears the additional advantage of
these data to be representative of the common speech produc-
tion in everyday language use.

2. Research aims

Considering recent findings on word and phrase level promi-
nence patterns in Austronesian and Oceanic languages, it is of
interest to examine Vera’a acoustically and determine whether
there is phonetic evidence to support the previous description
[19]. In particular, it is of interest to evaluate whether the penul-
timate or final syllable of roots, all other things being equal, rep-
resent the most prominent syllable. Additionally, it is our aim
to examine whether there is evidence for heavy root-final sylla-
bles (CVC) to be acoustically more salient than heavy syllables
in other positions. We focus on nominal roots in this paper for
practical reasons.

3. Materials and Method
3.1. Corpus

Our corpus consists of 7 narrative texts, each produced by
a single speaker primarily for the purpose of being recorded
and added to the ongoing documentation of the Vera’a lan-
guage (Schnell et al ongoing) as part of the local ‘orature’.
Speakers came from both genders (2f, 5m) with age rang-
ing between 16 and approximately 65 at time of recording
in early 2007." These narratives constitute the Vera’a sub-
corpus of DoReCo [23, 24] on whose time-aligned segmenta-
tion the current study is based, and it is also a major part of
the Vera’a corpus within Multi-CAST [25, 26] which features
relevant morphosyntactic annotations that enable us to iden-
tify nominal roots which are the focus of this study. A de-
tailed description of forced alignment and segmentation process
such as location of root and vowel boundaries can be found
in [27]. All narratives are in turn part of the larger Vera’a
documentation corpus archived with The Language Archive
(MPI Nijmegen) (https://hdl.handle.net/1839/
bc035bf8-1d9%-4163-8131-983d5a7b08ab).

Recordings used in the current study were made as part
of the general language documentation project of Vera’a. All
recordings were made in bamboo-walled houses that keeps in-
terference from wind and other background noises (community
activity, animals, etc.) as minimal as possible in the given con-
ditions. Speakers offered to be recorded as contribution to the
documentation project.

Exact age is often unknown by elderly speakers of the language.
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3.2. Data curation

For the purpose of this study a selection of nominal word roots
was carried out, similar to [4]. As NPs in Vera’a can feature
both pre- and post-nominal satellites and nominal roots can be
expanded by suffixes, the decision was made to base the analy-
sis on forms that represent NP heads and are simple roots. First,
the narratives in the corpus were segmented into phrases the
size of short utterances. This initial corpus amounts to 1484
utterances. NPs that were not produced directly at the start or
the offset of the utterance and that did not co-occur with pauses
were identified. For each root an additional segmentation of syl-
lables was included, following [19]. Additionally, the number
of syllables per root and the syllable structure of all syllables
in the corpus was marked. A hierarchical database was con-
structed using the EMU Speech Database Management System
[28]. It included the following eight tiers: phonemic segments,
syllables, morphological glossing, morphologically segmented
Vera’a text, syntactic glossing, corresponding Vera’a text, En-
glish translation, Vera’a original utterance. Duration and acous-
tic values were queried using the emuR package in R [29, 30].

3.3. Analysis

Following the criteria described above, a set of 412 noun roots
and 134 unique word-roots was identified. Table 1 shows an
overview of the vowels, syllable structures, and number of syl-
lables per root present in the set. Importantly, the roots selected
were never placed at the onset or offset of the utterance. This
was done with the aim to control that they were not at a major
prosodic boundary. See example in Figure 1. The data set is not
balanced containing words of different lengths and with differ-
ent syllable structures. To allow a comparison across roots and
control for potential confounding factors the following analyses
are restricted to a set of CV (463 tokens) and another of CVC
(280 tokens) syllables. Five acoustic measurements were taken
for the vowels of the selected syllables: vowel duration, inten-
sity at mid point, relative intensity, F1, and F2 at mid point.
Relative intensity was calculated as the difference between in-
tensity at vowel mid point and intensity at mid point in the last
segment preceding the root. Raw values for F1, F2, and vowel
duration were Lobanov normalised and these values were used
in the statistical analyses.

Table 1:  Summary and counts of vowels, syllable structures,
and number of syllables per root found in our corpus.
Total
Vowel e e € i o 2 u
Count 284 94 137 82 75 58 57 | 787
Syllable structure cv cve  ceve v ve
Count 463 280 1 35 8 787
Syllables per root 1 2 3 4 5
Count 126 201 55 24 3 412

3.3.1. Statistical analyses

Data were analysed using linear mixed effects models. Statisti-
cal analyses were carried out in R [30] with help of the statistics
package lme4 [31]. Values were fitted into a linear mixed ef-
fects model to investigate specific factors of interest. Following
[32], no random slopes are added to the models as this affects
statistical power of small data sets, such as the one used in this
study.
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4. Results
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Figure 2: Normalised vowel duration for CV- and CVC-tokens.
Here, 1 stands for first syllable in the root, 2 for second, 3 for
third, 4 for fourth, F for final and M for monosyllabic.

4.1. Duration

Figure 2 shows the normalised vowel duration for vowels ob-
tained in words containing one to four syllables in CV and CVC
structures. A model that had Position of syllable in the root,
Syllables per root, Vowel quality, Sex, and Syllable structure
as fixed factors together with speaker and word as random in-
tercepts was performed to identify whether syllable position af-
fects vowel duration. The results show that vowels in root final
syllables (Est. 16 + 2.6 ms, p<0.0001)* and in monosyllabic
roots (Est. 20 &£ 6.5 ms, p<0.0001) are significantly longer than
vowels in other positions. The factor Syllable structure was not
significant (p=0.8), showing that vowels in CV and CVC struc-
ture showed comparable duration. Separate models for the CV
and CVC sets were additionally performed, but the overall re-
sult does not change, apart from estimates being larger in the
CVC set, e.g for the final syllable (Est. 25 &+ 5.3 ms, p<0.0001).

4.2. Intensity

Intensity was taken at vowel mid point to examine vowels as a
function of their quality and position in the root. A model with
Position of syllable in the root, Syllables per root, Vowel qual-
ity, Sex, and Syllable structure as fixed factors together with
speaker and word as random intercepts was used to identify
which factors affect intensity in the vowel. Similar to results in
4.1, the vowels in final position (Est. 1.3 + 0.4 dB, p<0.0001)
and monosyllabic roots (Est. 1.7 £ 0.9 dB, p<0.05) show sig-
nificantly greater intensity. Additionally, an effect of syllable
structure was found (Est. 0.9 + 0.4 dB, p<0.02) with mono-
syllables in CVC showing lower intensity. The differences are,
however, fairly modest.

4.3. Relative intensity

As noted in other studies examining intensity in relation to
prominence [4, 7], it is helpful to evaluate relative intensity as
this can provide a more reliable measure than raw values. For
this purpose we calculated the difference between the intensity

2Estimates are provided in ms for a better overview.
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Figure 3: Relative intensity in mono- and polysyllabic roots in
CV and CVC-syllables.

at vowel mid point and that of the last segment preceding the
root analysed. Figure 3 shows the relative intensity according
to position of the syllable in the root and syllable structure. The
median values in the graph suggest that the final syllable dis-
plays greater relative intensity. We employed a model with Po-
sition of syllable in the root, Syllables per root, Vowel qual-
ity, Sex, and Syllable structure as fixed factors together with
speaker and word as random intercepts. In line with results
in 4.1 and 4.2, the vowels in final position display a signifi-
cantly greater relative intensity (Est. 1.3 + 0.4 relative inten-
sity, p<0.004). In this case there was no significant result for
monosyllables or syllable structure.

4.4. First and second formant

Figure 4 summarises the Lobanov normalised F1 for all Vera’a
vowels in the first and second syllable of disyllabic words with
CV. The median F1 of vowels /e, e, o/ suggests these vowels
have a raised F1 when in final position. However, this is not
the case for the rest of the vowel inventory /o, u ¢, i/. Figure 5
shows the F1 trajectory of e-vowels as produced by male speak-
ers. The vowel /e/ was selected because it is the vowel with
the largest number of tokens (see Table 1). The trajectories in-
dicate that the vowel appears to be realised as more peripheral
in its F1 when in the final syllable or in a monosyllabic root.
To investigate F1 and F2 at mid point two models with Position
of syllable in the root, Syllables per root, Vowel quality, Sex,
and Syllable structure as fixed factors together with speaker and
word as random intercepts were used. The models included all
seven vowel qualities present in our corpus. As can be expected
the factor vowel quality was significant for all vowels. However,
the factor of main interest to determine prominence patterns in
the root, namely Position of syllable in the root did not yield
any significant result for F1 or F2. Neither did we find a signif-
icant result for Syllable structure and separately run models for
the CV and CVC sets do not show other results. Note however
that the number of tokens per vowel varies greatly and that there
might be too few vowels in all possible positions to determine
whether the position in the root truly plays a role. Future in-
vestigations of Vera’a prominence patterns should include more
vowel tokens.
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Figure 4: Normalised F1 of disyllabic roots with CV-syllables.

5. Discussion and Conclusion

Based on a speech corpus of Vera’a narratives this study exam-
ined five acoustic parameters in relation to prominence mark-
ing. To this end noun roots consisting of mono- and polysyl-
labic words were compared. Our analysis indicates that the fi-
nal syllable (CV and CVC) of polysyllabic Vera’a roots is more
salient than others through means of duration and relative inten-
sity. More precisely we found that vowels in CV and CVC root
final syllables and in monosyllables, display significantly longer
duration values than other syllables in the root. Additionally, it
was established that relative intensity is greater in root final syl-
lables. Since in monosyllabic roots prominence can only be
marked on this syllable it is not surprising that final syllables
and monosyllables show similar results regarding duration. In
addition, this study also presents results on the acoustic mea-
sures raw intensity, normalised F1, and normalised F2. It was
found that intensity is greater in vowels in root final syllables.
Moreover, vowels in CV-syllables display greater intensity than
those in CVC. The differences found in intensity appear to be of
small magnitude and although they provide additional evidence
in favour of a more prominent root final syllable, they should be
interpreted with caution.

Figures 4 and 5 suggest that F1 is raised in the vowels /e,
e, o/ when in syllables in root final position. However, the sta-
tistical analysis did not confirm this observation. There are dif-
ferent factors that could have influenced this result. Note that
a survey on acoustic cues to stress [20] found that in languages
in which stress affects vowel quality, the effect is often limited
to certain vowels and/or one formant. Additionally, due to the
nature of the speech present in our corpus, this study does not
contain an even number of vowel tokens in every possible syl-
lable structure (CV and CVC) or position of the syllables (first,
second, third, fourth, final, monosyllabic), this means that some
vowels are not present in all positions (e.g., the vowel /¢/ in the
third syllable in CV, or vowel /i/ in the first and third position in
CVC). This shortcoming is due to the lower frequency of some
vowels in these positions in our corpus but could be mitigated in
future research by including a larger set of roots. No statistical
evidence was found for F2 as a correlate of prominence in our
corpus.

This study presents the first acoustic evidence for word/root
prominence being marked on the last syllable in Vera’a, con-
firming some observations from [19]. In other words, it was
found that root final syllables and heavy root final syllables are
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Figure 5: Smoothed first formant trajectories based on 10 points
between 0.20% and 0.80% of e-vowels in CV. Only vowels that
were preceded or followed by plosive and fricative consonants
are included. Tokens were produced by male speakers.

acoustically more salient than syllables in other positions, al-
though similarly salient compared to monosyllables. Note how-
ever that no evidence was found for penultimate stress, contra
the previous impressionistic report.

One aspect that was not examined in this study is the effect
of fundamental frequency (F0). This was omitted for several
reasons. First, to date there is no description of Vera’a phrase
level prosody making it difficult to make any well-informed pre-
dictions. Second, cross-linguistically, it is known that FO is of-
ten associated with phrase level prosody, marking not only word
level but also post-lexical prominence, as well prosodic bound-
aries [33, 13, 20]. Although this study sought to control for
effects relative to prosodic boundary marking of major intona-
tion breaks, it is possible that other factors related to prosodic
phrasing could have an effect on the roots investigated. More-
over, there is too little evidence to date to make predictions on
Vera’a being a bottom-up language like English, or a top-down
language such as Chickasaw [13]. This means that we could
not reliably predict whether in Vera’a pitch accents would dock
on to a potentially stressed syllable, or whether stress would be
orthogonal to phrasal accent assignment, displaying word-level
unstressed syllables carrying tonal events like Chickasaw [22]
or potentially display a yet unknown alignment of FO. For these
reasons we have restricted our analysis to the five acoustic mea-
sures presented above.

In conclusion, we find evidence that root final syllables are
acoustically salient in Vera’a simple roots. This finding could
be indicative of regular demarcative right edge prominence. A
more detailed account of Vera’a prosodic typology needs to be
completed to be able to determine whether the language con-
forms to patterns observed in more closely related languages
with post-lexical prominence marking [5, 14, 8], whether it
could show similarities to languages that display misalignment
of FO in highlighting and demarcating [6, 22] or whether it dis-
plays stress-accent [21]. This study is part of a larger research
project examining the acoustics of Vera’a and prominence pat-
terns in the language. Future work including a larger set of data
and extending to examine the acoustic correlates of phrase level
prosodic structure is planned.
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