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Abstract

This study investigates interactions among relative syllabic prominence, initial geminates (IGs), and
prosodic boundaries in Pattani Malay (PM) against a background of previous analyses claiming that
IGs are moraic and trigger a ‘stress shift’ or the linking of a pitch accent to the initial syllable. We
conducted an acoustic study with fourteen PM speakers, producing singleton–IG minimal pairs in
naturalistic sentences. Our results show that the presence of IGs is not associated with the hypothe-
sized phonological changes. Instead, it is associated with moderate increases in the duration of initial
syllables, the intensity of the initial syllable vowels, and the f0 of the initial and final syllable vowels.
On the other hand, the presence of a phrase-final prosodic boundary correlates with more drastic
changes: in phrase-final position, final syllables exhibit final lengthening and falling contours of f0
and intensity, while, in the phrase-medial position, no lengthening is observed and f0 contours are
rising. Furthermore, the effects of IGs are strongest in the phrase-final position, suggesting interac-
tions between IGs and prosodic boundaries. Taken together, results cast doubts on the claim that IGs
are moraic and associated with categorical differences in syllabic prominence profiles in PM and show
that IG effects are modulated by prosodic boundaries.

Keywords Pattani Malay; Prominence; Initial geminates; Phrasal boundary

1. Introduction

In the world’s languages, consonantal duration can function contrastively to differentiate
meaning, for instance, Italian [»pala] ‘shovel’ vs. [»pal˘a] ‘ball’. Such contrasts between short
or singleton and long or geminate consonants are subject to various constraints. A well-
known constraint is that singleton vs. geminate contrasts are often licensed word-medially
but more rarely in word-initial and/or word-final position (Kraehenmann 2011; Topintzi &
Davis 2017). Pattani Malay (PM), an Austronesian language spoken in Southern Thailand,
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Table 1.Pattani Malay minimal pairs showing
lexical contrast for initial singletons and gemi-

nates

Words without IG Word with IG

[buwçh] ‘fruit’ [b˘uwçh] ‘to stand’

[‹alE] ‘path, road’ [‹˘alE] ‘to walk’

[matç] ‘eye’ [m˘atç] ‘jewelry’

[kˆda] ‘shop’ [k˘ˆda] ‘at the shop’

does not conform to this generalization. Instead, the language licenses singleton vs. gem-
inate contrasts for all segments only in word-initial position, as illustrated in Table 1.

Pattani Malay geminates are remarkable not only because they are always initial
geminates (IGs) but also because their presence has been claimed to trigger categorical
differences in the prominence profiles of words that contain them. Several researchers
(Yupho 1989; Hajek & Goedemans 2003; Topintzi 2008) have claimed that PM words with-
out IGs exhibit final stress and words with IGs exhibit initial stress, for instance, [ma»tç]
‘eye’ vs. [»m˘atç] ‘jewelry’. The difference between the two categories of words is captured
by different phonological representations and rules that trigger a change in the position
of stress. Specifically, PM IGs have been analyzed as moraic such that the presence of
IGs increases the prosodic weight of initial syllables, which are therefore assigned stress
(Hajek & Goedemans 2003; Topintzi 2008).

This phonological analysis seems prima facie compatible with results of phonetic stud-
ies (Abramson 1987; Abramson 1998; Phuengnoi 2010), which show that the presence of
IGs is associated with an increased saliency of initial syllables. However, the narrow scope
and limitations of previous phonetic work on the language suggest caution in marshalling
phonetic evidence in favor of the phonological analyses outlined above. Notably, phonetic
studies of PM were not designed to study prominence, but only the acoustic consequence
of IGs.

An outstanding issue is that IGs in PM have only been studied in words produced in isola-
tion or in phrase-final position within a carrier sentence (Abramson 1987; Abramson 1998;
Phuengnoi 2010). However, studying IGs and prominence only in isolation or in phrase-final
position is problematic because the prominence profiles of words produced in isolation may
reflect phrase level – rather than word level – acoustic patterns. Similarly, the presence
of phrase-final boundaries may affect the acoustic profiles of words, which are related to
phonological prominence. More specifically, final boundaries may affect the relative dura-
tion of syllables and induce more drastic f0 and intensity falling contours on final syllables.
Thus, phrase-final boundaries can potentially obscure the relative prominence profiles of
final and non-final syllables and the effect of IGs on them.

In this paper, we attempt to dissect the contribution of IGs and prosodic boundaries
in PM to increase our understanding of syllabic prominence in this understudied Malay
variety. We conducted an acoustic study of PM words with and without IGs produced in
relatively naturalistic speech and two prosodic positions: phrase-medial and phrase-final.

Based on previous phonetic phonological work on PM, in this paper we pose two research
questions. The first is whether the presence of IGs affects the prominence profile of PM
words. This is to ascertain the merits of a ‘stress shift’ account (e.g., Topintzi 2008), which
predicts categorical differences in acoustic cues typically associated with stress or pitch
accents (Gordon & Roettger 2017). The second question is whether position in the utter-
ance affects the acoustic prominence profile of PM words. We hypothesize that words in
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the phrase-medial position and at prosodic boundaries show categorial differences with
respect to duration, intensity, f0, and spectral tilt. A more detailed overview of the research
questions and our hypotheses is presented in Section 3.

2. Literature review

2.1 Language background and claims regarding the interactions between initial
geminates and prominence in Pattani Malay

Known colloquially as Yawi or Jawi, PM is one of the few Austronesian languages spoken
in Mainland Southeast Asia. According to the 2010 census (National Statistical Office 2012),
approximately 1.47 million people speak PM at home. PM forms a dialect continuum with
Kelantan Malay and other northeastern peninsular Malay varieties spoken to the south of
Thailand, just across the Malaysian border (Collins 1989: 241–244). While Standard Thai is
the sole national and official language of Thailand and the only language of instruction in
schools, PM is the dominant language in the three border provinces, namely, Pattani, Yala,
and Narathiwat, and some districts in the province of Songkhla (Smalley 1994 155–175).
Although the presence of Thai in the area has increased, PM remains the preferred lan-
guage used in the family, and the primary linguistic code for communication among ethnic
Malays, especially in rural areas. Additionally, proficiency in PM remains high because chil-
dren acquire this language before starting school (Poonsub 2016; Premsrirat & Burarungrot
2018: 239; Premsrirat & Burarungrot 2022).

Pattani Malay is well-known in the phonetic and phonological literature as a language
with geminates attested only in word-initial position. PM shares this feature with a few
other Austronesian languages, such as Leti, Ngada, and Yapese, as well as the Austroasiatic
language Nyaheun (Muller 2001; Topintzi & Davis 2017). PM IGs are tied overwhelmingly
to disyllabic words because they diachronically originated from the reduction of erstwhile
trisyllabic forms or tetrasyllabic reduplicated forms (Paramal 1991).

All possible onset consonants in PM have a geminate counterpart, except for /r/ and /z/
which are found only in recent loan words (Uthai 1993: 91). Table 2 illustrates the consonant
inventory of PM. Note that PM does not have phonemic /f/ and /x/. Surface geminates [f˘]
and [x˘] are stylistic variants of /k«ƒ-/ and /p«ƒ/, respectively.

Only one study, Phuengnoi (2010), has been devoted to the acoustics of prominence in
PM by comparing syllables within a word and across words with and without IGs. Assuming
that Yupho’s (1989) description of identifying stressed and unstressed syllables was valid,
Phuengnoi investigated the acoustic correlates of the stress by using data from seven male
native speakers. The stimuli were monosyllabic, disyllabic, and trisyllabic words without
IGs and compared with disyllabic words with IGs. The main findings are as follows. For
vowel duration, final syllables in words with and without IGs have a longer vowel duration
than initial syllables. Regarding f0, in words with and without IGs, the mean f0 is higher
on initial syllable vowels than on final syllable vowels (Figure 1). Moreover, the mean f0
of initial syllable vowels in words with IGs is higher than in words without IGs (Figure 1,
left). For intensity, initial syllable vowels in words with and without IGs have higher mean
intensity than final syllables. When comparing initial syllables of words with and without
IGs, syllables with IGs have significantly higher mean intensities. Crucially, Phuengnoi also
found that the f0 contours for both words with and without IGs show falling profiles over
the whole word and that final syllables have nearly identical f0 contours (Figure 1, right).

A major finding of Phuengnoi (2010) is that words with and without IGs display the
same relative duration and f0 and intensity contours: final syllables are always longer, have
lower f0, and lower intensity than initial syllables. The magnitude of the values is different,
however, especially for f0 and intensity of the initial syllable when comparing words with
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Table 2.Consonant inventory in Pattani Malay (PM) (Uthai 2011)

Labial Alveolar Palatal Velar Glottal

stop voiceless p pː t tː c cː k kː ʔ ʔː

voiceless 

aspirated

ph pːh th tːh ch cːh kh kːh

voiced b bː d dː ɟ ɟː ɡ ɡː

fricative voiceless (fː) s sː (xː) h hː

voiced z ɣ ɣː

nasal m mː n nː ɲ ɲː ŋ ŋː

lateral l lː

trill r

glide w wː j jː

Figure 1. f0 contour of disyllabic words with (C˘V.CV) and without initial geminates (CV.CV) (Phuengnoi 2010).

singleton and IG onsets (Figure 1, left). Phuengnoi’s results also decidedly speak against the
idea of stress shift as the f0, intensity, and durational patterns are invariant across words
with and without IG onsets.

Unfortunately, one major caveat with Phuengnoi’s study is that it is limited to words
recorded in isolation. Thus, the data presented only represent words immediately pre-
ceding an utterance boundary. Similar caveats hold for previous investigations of IGs in
PM. The data presented in Abramson’s (1987, 1998) studies were elicited in isolation and
in a carrier sentence, but the analyses were performed without considering or discussing
potential differences due to phrasal positions. Accordingly, what is unclear is whether the
reported effects on syllabic prominence are due to IGs, phrasal boundaries, or a potential
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interaction between the two. Because of the difficulties in establishing a clear pattern of IG
behavior and potential interactions with prominence, a study that simultaneously manipu-
lates IGs and prosodic boundaries may help us dissect their relative contribution to syllabic
prominence in PM.

2.2 Syllabic prominence in Malay varieties

The role that relative syllabic prominence plays in the sound systems of Malay varieties,
especially those spoken in Indonesia, is still a matter of controversy among researchers.
Maskikit-Essed and Gussenhoven (2016) identified three main views on word-level promi-
nence in Malay varieties. The first view assumes that the position of stress is fixed either on
the penultimate or the ultimate syllable, additionally, syllables with [´] are unstressed (e.g.,
Cohn 1989; McDonnell 2016). This approach is sometimes known as the “traditional view.”
A second view also assumes that Malay varieties display word-level prominence, but the
assignment of prominence is conditioned by the position of the word in the utterance, e.g.,
words in phrase-medial position show penultimate stress, and words in phrase-final posi-
tion show final stress (e.g., Halim 1974). Finally, the third view claims that these languages
do not have word-level stress, and the “prominence” described as stress in other studies is
phrase-level prominence (e.g., Mohd Don et al. 2008; van Heuven et al. 2008). While these
conflicting views reflect actual linguistic heterogeneity, they may in part stem from lack
of in-depth acoustic investigation on some of the reported varieties (cf. Kaland 2021 for a
similar conclusion).

Despite disagreements among phonological analyses, many Malay varieties show
remarkably similar acoustic behaviors when phrasal prosody is considered. Reports on
the acoustic behavior of several Malay varieties show that durational increase and f0
movements that could be symptomatic of prominence are not concomitant. In most of
the Malay varieties that have been studied acoustically, final syllables invariably display
longer durations, and f0 contours vary by the position of words in the phrase and/or by
discourse conditions (e.g., declarative vs. interrogative clauses). There are varieties that
show falling f0 contours when words appear in phrase-final position, including words in
isolation, and rising f0 contours when words appear in phrase-medial position, namely,
Besemah (McDonnell 2016), Malaysian Malay (Mohd Don et al. 2008), and Ambonese Malay,
which also display rising contours on final words in interrogative sentences (Maskikit-Essed
& Gussenhoven 2016). Other varieties, for example, Indonesian spoken by speakers from
southern Sumatra (Halim 1974) and Betawi Malay (van Heuven et al. 2008), display rising
contours in phrase-final position and falling contours in phrase-medial position. However,
exceptions to this common pattern have also been reported in the literature. Indonesian
spoken by Javanese speakers, as reported by Goedemans and van Zanten (2007), shows con-
sistent f0 contour patterns: rising contours on phrase-medial words, elicited out of focus,
and falling contours on phrase-final word, elicited under focus. In contrast, there is no clear
duration pattern: neither penultimate nor ultimate syllables are reported to be consistently
longer than the other syllables. Indonesian spoken by Toba Batak speakers is another inter-
esting case, where f0 and duration are used together to increase prominence on a single
syllable, such as in a prototypical stress language. This language also does not show the
different contours depending on the position in a phrase.

Another variety that stands out is Papuan Malay, reported to have penultimate stress,
except for words with [E] in penultimate syllables, which have ultimate stress instead
(Kluge 2017). An acoustic study of words in phrase-medial position by Kaland (2019) shows
that acoustic correlates of stress in Papuan Malay are the duration of segments, the tim-
ing of f0 movement (rising/falling contours), vowel formant displacement, and spectral tilt
(H1−A2, H1−A3). Other parameters, such as relative pitch height, do not correlate with
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stress. Further work on the language has shown that f0 contours seem to correlate with
phrasal-level prosody: rising contours are observed in phrase-medial position, while falling
contours are observed in phrase-final position (Kaland & Baumann 2020). This behavior of
f0 follows the general trend of Malay varieties and suggests that in these languages, f0 may
be associated with phrasal prosody, while other cues, such as duration, spectral tilt, etc.,
may be associated with word-level prosody (Gordon 2014; Gordon & Roettger 2017; Kaland
2021).

As for PM, previous acoustic studies of PM (Abramson 1987, 1998; Phuengnoi 2010) seem
to suggest that the language shows a dissociation of duration and other parameters. More
specifically, the duration of final syllables is always higher than other syllables; but inten-
sity and f0 are found to be higher on the initial syllables, regardless of the presence of
IGs (Phuengnoi 2010) or found to be higher on initial syllables when the IGs are present
(Abramson 1987, 1998). However, whether the behaviors are due to phrasal effects remains
unclear because the words studied were recorded in isolation or at the end of a carrier
sentence. However, to understand how relative syllabic prominence interacts with IGs and
phrasal boundary in this understudied variety of Malay, all cues that have been reported as
relevant for prominence in Malay varieties must be examined.

3. Research questions, hypotheses, and predictions

Based on the literature review, this paper aims to address two primary research questions
concerning the prominence profiles of words in PM.

(i) Does the presence of IGs affect the prominence profile of PM words?
(ii) Does position in the utterance affect the prominence profile of PM words?

For our first question, we have two logical alternatives: either IGs affect the prominence
profiles of PM words or they do not. If we follow previous phonological descriptions and
analyses, it is reasonable to expect categorically different profiles in words with and with-
out IGs. In disyllabic forms, prominence profiles of words with and without IGs are then
expected to be mirror images of each other. Words with IGs are expected to have initial
prominence, while words without IGs are expected to have final prominence.

By examining acoustic dimensions that are relevant for stress or pitch accents – such as
duration, intensity, f0, vowel quality, and spectral tilt (Gordon & Roettger 2017), words con-
taining IGs would be expected to have more extreme values, compatible with prominence,
on initial syllables than on final syllables. These acoustic cues include longer duration,
higher intensity, higher f0, more extreme vowel quality, and higher spectral tilt. On the
other hand, words not containing IGs would be expected to have values more compatible
with prominence on final rather than initial syllables.

Alternatively, it is also possible that words with IGs do not display different promi-
nence profiles. PM disyllabic words may have fixed prominence on the initial syllable,
or on the final syllable, or neither of the two syllables may be more prominent than the
other. If prominence is fixed initially or finally, we expect initial or final syllables respec-
tively to display more extreme acoustic values compatible with prominence no matter
whether they contain IGs or not. Finally, if neither of the two syllables is more promi-
nent than the other, we expect to observe no clear patterns of greater relative prominence
between the two syllables. Figure 2 illustrates the predicted acoustic profiles under the
hypothesis that IGs have a categorical effect and the hypothesis that PM has a fixed (final)
prominence.
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Figure 2. (Colour online) Predicted acoustic profiles based on stress shift hypothesis (top) and fixed (final)
prominence hypothesis (bottom).

For our second research question, we similarly have two alternative scenarios: either
the presence of a phrasal boundary affects the realization of the prominence profiles of
syllables, or it does not. If phrasal boundaries categorically influence prominence profiles,
we expect final syllables to have different acoustic properties in phrase-medial and phrase-
final position. Final syllables may be longer in phrase-final than in phrase-medial position
because of phrase-final lengthening (Byrd & Saltzman 2003; Edwards et al. 1991; Turk &
Shattuck-Hufnagel 2007; Wightman et al. 1992). Similarly, f0 may fall more drastically, pos-
sibly together with intensity, in the vicinity of a phrasal boundary, as has been observed in
other Malay varieties (e.g., Mohd Don et al. 2008; Maskikit-Essed & Gussenhoven 2016). The
hypothesis that PM would show falling contours instead of rising contours is according to
Phuengnoi’s (2010) report of words in isolation.

Moreover, phrasal position may affect the differences between final and initial syllables.
For example, it is possible that the durational difference between final syllables and initial
syllables will be more pronounced in phrase-final position again due to boundary-adjacent
lengthening. Similarly, f0 and intensity contours over the word may be flat or rising in
phrase-medial position but falling in phrase-final position. Interestingly, the predicted
phrasal boundary effects lead to a dissociation of the acoustic correlates that are typi-
cally manipulated in tandem by speakers producing stress or pitch accents. The syllables
adjacent to a phrase-final boundary have longer durations, a property typical of promi-
nent syllables, but also falling and generally lower f0 and intensity, a property typically
associated with non-prominent syllables.

A logical alternative would be that prosodic boundaries do not systematically affect
the relative prominence of syllables in PM words. If this is the case, we do not expect to
observe differences in the acoustic realization of final and initial syllables in phrase-medial
and phrase-final position. Studying IGs and phrasal boundaries together also allows us to
investigate their potential interactions.
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4. Methodology

4.1 Participants

The participants were fourteen speakers of PM (six males, eight females), aged from twenty
to sixty-one years (μ = 33, σ = 15). All speakers were born and raised in the three south-
ernmost provinces of Thailand, namely, Pattani, Yala, and Narathiwat; they reported native
proficiency in PM and native-like fluency in Thai. These speakers are sequential bilinguals
because the ages at which they learned Thai are the same as those of kindergarten and
elementary school students. Speakers did not disclose any speech or hearing impairment.

4.2 Materials and experimental task

Disyllabic words were used as IGs are only attested in monosyllabic and disyllabic forms
(Paramal 1991); however, the former are uninformative regarding prominence profiles.
Thirteen disyllabic minimal pairs differing only in singleton vs. geminate onsets were
selected from the literature (Abramson 1987, 1998; Hamzah et al. 2011, 2014); Table 3
presents the full list. A fourteenth minimal pair [pitu] ‘door’ [p:itu] ‘at the door’ was also
collected, but we did not analyze it because participants produced the geminate form in a
non-assimilated prepositional phrase form, namely, [di pitu].

Note that the stimuli were not balanced for onset manners. This was not possible as we
wanted to ensure that all participants were familiar with the target words. However, we do
not expect stimuli with plosive and sonorant onsets to behave differently, as in Kelantan
Malay (Hamzah 2013), which forms dialect continuum with PM. Even though voiceless stop
IGs show a stronger effect on vowel intensity and f0, voiced stop and sonorant IGs also show
a significant effect on intensity and f0 with the same direction of effect.

Although Arabic-based, Roman-based, and Thai-based scripts have been designed for
PM, its speakers are usually illiterate in the language (Paramal 1991: 40; Smalley 1994).
Accordingly, it is not possible to rely on written stimuli to elicit the target words. To obvi-
ate this problem, participants were familiarized with pairs of PM sentences containing the
target word and their Thai translation to avoid ambiguity of the stimuli and mistakes in
translation. In the experiment, participants were cued using the Thai translation of the
target sentences uttered by an experimenter, after which participants produced the cor-
responding PM version containing the target words. Whenever participants’ production
contained a mistake, such as disfluencies, pauses, or speech errors, participants were asked
to repeat the trial. Although this task may resemble a translation task or a repetition task,
we consider it ecologically valid for the following reasons. First, because participants are
familiarized with translations of each sentence before the experiment, they are not trans-
lating online word by word. Hence the Thai sentence is simply a cue for a PM sentence.
Accordingly, it is not very likely that participants would be attending to finer details of the
Thai production of the utterance.

We opted to elicit target words by orally presenting them in natural-sounding PM and
Thai sentences (Appendix A), our main consideration being that a more realistic picture of
prominence requires the production of PM IGs in a more naturalistic context in which IGs
are less likely to be hyperarticulated. The production of PM IGs in less naturalistic contexts,
for example, in isolation or a carrier sentence, has been investigated; the results demon-
strate that segmental and phrasal effects are difficult to separate (Section 1.2). This problem
is frequently observed in studies on stress and prominence (Gordon & Roettger 2017). On
the basis of this background and claims in the literature on Malay varieties (Kaland 2019),
we subscribe to the idea that naturalistic speech yields more representative samples than
read speech for the study of word-level prominence.

https://doi.org/10.1017/S0025100323000233 Published online by Cambridge University Press

https://doi.org/10.1017/S0025100323000233


272 Burroni et al.

Table 3.The thirteen minimal pairs of disyllabic forms that differed uniquely for the
singleton or initial geminate (IG) onsets of the initial syllable

Singleton (CVCV) Gloss IG(C˘VCV) Gloss

[pagi] ‘morning’ [p˘agi] ‘early morning’

[paka] ‘to use/wear’ [p˘aka] ‘usable’

[tançh] ‘land’ [t˘ançh] ‘outside’

[dapo] ‘kitchen’ [d˘apo] ‘at the kitchen’

[kato/] ‘hammer’ [k˘ato/] ‘frog’

[kabo] ‘Java kapok’ [k˘abo] ‘beetle’

[ga‹ˆ] ‘wage’ [g˘a‹ˆ] ‘saw’

[‹alE] ‘path’ [‹˘alE] ‘to walk’

[misa] ‘mustache’ [m˘isa] ‘to grow a mustache’

[labç] ‘profit’ [l˘abç] ‘spider’

[bulE] ‘moon’ [b˘ulE] ‘month’

[buNç] ‘flower’ [b˘uNç] ‘to bloom’

[‹˘uƒi] ‘to steal’ [‹˘uƒi] ‘thief’

The effects of IGs, prosodic boundaries, and their interaction were tested: target words
were elicited in both phrase-medial and phrase-final positions. Each sentence was repeated
three times. In total, twenty-six tokens (thirteen unique minimal pairs) × two phrasal
conditions (medial vs. final) × three repetitions × fourteen speakers = 2,184 tokens were
collected; 212 tokens were excluded because of strong background noise in the sound
files or equipment failures. Thus, 1,972 tokens were analyzed: 932 contained IGs and 1,040
contained singletons.

4.3 Data collection and processing

Audio data were collected at 44.1 kHz in Praat (Boersma & Weenink 2020) by using a Rode
NT-USB, a cardioid condenser microphone. We use a cardioid microphone placed on a table
near participants (like other work on Malay prominence, Kaland 2019) to have a more natu-
ralistic setting. This choice may have led to more variation in intensity measurements and,
thus, to less accurate estimates of intensity effects. Future work could attempt to produce
a PM corpus where microphone distance is tightly controlled to ensure a more accurate
picture of the effects of IG and prosodic boundaries on intensity.

All recordings were made in quiet rooms at the Prince of Songkla University, Pattani
Campus, Pattani, Thailand. We first identified target words and labeled them using Praat
TextGrids; subsequently, the portion of the audio signal representing the target words was
extracted using MATLAB (MATLAB 2021). Segmental boundaries were obtained in Praat
TextGrids by forced alignment with a custom-built model trained using the Montreal Forced
Aligner on our dataset (McAuliffe et al. 2017). The TextGrids were inspected and manually
corrected when necessary. Corrected TextGrids containing segmental boundaries and audio
signals of each word were read back in MATLAB for analysis.
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The variables analyzed were syllable duration, vowel f0, vowel intensity, vowel formants,
and spectral tilt (H1−A2, H1−A3). For the duration, we first analyzed the (Ia) raw duration
of singleton and geminate consonants and the (Ib) durational ratio of the consonants to the
entire word ( CW ) to confirm that singleton/IG onsets are distinguishable by duration. We
then analyzed (II) the duration ratio of the initial syllable (σ i) to the entire word ( σ i

W ) across
IG vs. singleton conditions, as well as (III) the ratio of the final syllable (σ f ) to the entire word
( σf

W ) in the IG vs. singleton condition. Duration ratios were used because target sentences
differ in numbers of syllables, and we considered duration ratios of syllables to yield a more
stable measurement across sentences with different numbers of syllables. Furthermore,
(IV) we analyzed the difference in duration ratios between σf

W − σi
W in the singleton and IG

conditions. For the duration ratio, no outliers were excluded.
f0 values were calculated by using the MATLAB pitch() function, namely, the normalized

correlation function algorithm (Atal 1972) with a 30 ms window length and 29 ms overlap.
F0 values were normalized by converting Hz to z-scores, separately for each participant,
to remove anatomically driven differences in f0 due to the participant’s sex and age. Five
trials of the vowels in final syllables were excluded because the f0 vectors contained less
than two data points per vowel. F0 contours were smoothed using smoothing splines to
remove microprosodic effects due to neighboring segments and potential pitch tracking
artifacts. In particular, cubic spline interpolants were fit to the raw f0 data and their time
points to obtain a smoother f0 contour that is amenable to analysis with polynomial growth
curve functions. Finally, f0 contours were time-warped to a fixed length, a necessary step
for the growth curve analyses.

Sound Pressure Level (SPL) normalized intensity was calculated by transforming the root
mean squared amplitude of the signal to dB and normalizing it to human auditory thresh-
old using the formula 20 × log10

I
I0 , where I is the amplitude of the signal, and I0 represents

the normalizing term for the auditory threshold of a 1000 Hz sine wave, equal to 2 × 10−5

(Huang et al. 2001: 22). Intensity values were calculated with a 30 ms window length and 29
ms overlap to match the f0 windowing. Next, intensity values in dB were converted to the z-
score separately by participant to remove differences among participants due to recording
conditions. No outliers were excluded except for five trials of the vowels in final sylla-
bles in which the intensity vectors contained fewer than two data points. Finally, intensity
contours were also time-warped to obtain a fixed length.

We used a linear predictive coding algorithm in MATLAB (Yao et al. 2010) to extract vow-
els F1 and F2. The audio signals were first downsampled to 8 kHz. LPC order was adjusted
per the speaker’s sex: twelve coefficients for male speakers, and ten coefficients for female
speakers. Minimum and maximum F1 and F2 values were set for each vowel, as required
by the algorithm and to prevent erroneous tracking during the Viterbi step of formant
tracking, on the basis of Iemwanthong’s (2008) report on the acoustics of PM vowels. We
first extracted the acoustic measurements with fixed window length of 30 ms and 15 ms
time step. Values at the midpoint of the trajectories were selected because all the target
vowels in this study are monophthongs. Tokens with a duration shorter than 30 ms and
those whose F1 and F2 were outside the expected frequency range were excluded. These
amounted to twenty-three tokens for F1 of the first vowels, nineteen tokens for F2 of the
first vowels, ninety-two tokens for F1 of the second vowels, and thirty-two tokens for F2 of
the second vowels.

For spectral tilt measures, we used H1−A2 and H1−A3 because these were reported
to be significant acoustic correlates of prominence in Papuan Malay (Kaland 2019), even
though the cue is not significant in Ambonese Malay (Maskikit-Essed & Gussenhoven 2016).
First, we calculated FFT spectra, using the MATLAB fft() function (Frigo & Johnson 1998).
We used Hamming windows with 1,024 samples, or approximately 25 ms, extracted from
the middle of the vowels. The amplitudes were then transformed into dB and normalized
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to human auditory threshold using the formula for intensity. The first harmonics, or H1,
were extracted from the first peak of the FFT spectrum. A2 was extracted from the high-
est peak of the FFT spectrum closest to the F2 and A3 extracted from the highest peak
of the FFT spectrum closest to the F3. The F2 and F3 values were extracted using the
same method as that used to extract formant frequency in the prior paragraph. We did
not correct the H1, A2, and A3 values, because Kaland (2019) reported for another Malay
variety that uncorrected values are better acoustic correlates for stress than corrected
values.

4.4 Data analysis

Effects of IGs and phrasal position on duration, F1, F2, H1-A2, H1-A3, the mean intensity
difference between the final and the initial syllables, and the mean f0 difference between
the final and the initial syllables were tested by hierarchically building nested linear mixed-
effect regression models. We started with models that contained random intercepts only.
The random intercepts for the models with duration include speaker and onset, while the
random intercepts for the other models include speaker, onset, and vowel. We then tested
whether adding fixed effects for the presence of IGs, for phrasal position, and for the inter-
action between these two fixed effects improved model fit. Each time a fixed effect was
added to the model, random slopes were included in the model. Contrast was coded such
that singleton and phrase-medial positions represent the baseline values for the presence
of IGs and for phrasal position, respectively. The random effects for models with duration as
the dependent variable include speaker and manner/place of the syllable onset segments.
On the other hand, the random effects for models with formant frequencies or spectral tilts
as a dependent variable include speaker and vowel quality. Because we did not control for
vowels in initial and final syllables, formant analysis was limited to a comparison of single-
tons/IGs and phrase-medial/phrase-final positions, i.e., no comparison between syllables
was conducted. Linear mixed-effect models were compared using MATLAB compare() func-
tion to perform likelihood ratio tests. The test statistics (χ 2) and the p-values reported are
the result of the likelihood ratio tests.

F0 and intensity contours were analyzed using third-order orthogonal polynomial
growth curve analysis. Effects of the presence of IGs and phrasal position were tested by
hierarchically building nested models (Mirman 2014). We started with the models contain-
ing only a random effect for subject and word but neutralized for the singleton/geminate
difference to avoid collinearity with the fixed effect for IG presence. We then tested
whether adding fixed effects for the presence of IGs, for phrasal position, and for the inter-
action between these two fixed effects improved model fit. If the fixed effects improved
the model fit, each time, we added the interactions of the fixed effects with orthogonal
linear, quadratic, and cubic time (Mirman 2014). The fixed effect indicates differences in
mean across conditions; the interaction with linear time indicates differences in slope, and
the interaction with quadratic and cubic time indicates differences in shape and curva-
ture. The random effects included in these models are random intercepts for subject and
word. Growth curve models were compared using the anova() function in R which performs
a likelihood ratio test. The test statistics (χ 2) and the p-values reported are the result of the
likelihood ratio tests between nested models. When the best fitting models were found to
have an interaction term between IGs and utterance position, the test statistics reported
were obtained from a comparison with a model that has fixed effects for IG and utterance
position. On the other hand, when the best fitting models were found to have terms for both
IGs and utterance position, but no interaction term, the test statistics come from a compar-
ison with a model that has fixed effects for IG or utterance position, for which we report
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only the lower χ 2. Finally, when neither IGs nor utterance position were found to have sig-
nificant effects, the test statistics come from a comparison with a null model containing
no fixed effects, but only random effects. Effects are reported as significant based on the
approximate t-statistic returned by mixed effect models, based on the ratio of estimated
coefficients to their standard error and n-p degrees of freedom where n is the number of
observations and p the number of parameters (Gałecki & Burzykowski 2013). The models
fitted for each dependent variable are reported in Appendix B.

5 Results

5.1 Duration

Before discussing the effects of different onsets, we first studied whether IGs and singletons
onsets are reliably distinguished in duration. We found that the raw duration of IGs is longer
than that of singletons (χ 2

(1) = 6.07, p = .01), with an estimated effect size of 17 ms (95% CI
[6, 28] ms). We also found that IGs are longer than singletons in the duration ratio of the
onset to the entire word ( CW ) (χ 2

(1) = 7.44, p= .006), with an estimated effect size of .03 (95%
CI [.012, .048]). The differences between singletons and IGs in both raw and normalized
duration suggest two distinct categories.

At the syllable level, we found that both phrasal position and the presence of IG onsets
have a significant effect on the duration ratio of the initial syllable to the word ( σi

W ), but
their interaction does not (χ 2

(1) = 5.10, p = .023). In phrase-final position, initial syllables
have a lower duration ratio to the word in comparison to final syllables, with an estimated
effect size of −0.1 (95% CI [−0.13, −0.07]). The presence of IGs makes the duration ratio of
initial syllables to the word higher than the duration ratio of final syllables to the word by
approximately 0.015 (95% CI [0.004, 0.026]; Figure 3).

Similarly, we found that both phrasal position and the presence of IG onsets have a sig-
nificant effect on the duration ratio of the final syllable to the word, but their interaction

Figure 3. (Colour online) Left: duration ratio of initial syllables to the entire word phrase-medially. Right: duration
ratio of initial syllables to the entire word phrase-finally. Dashed line marks 0.5 of syllable duration.

https://doi.org/10.1017/S0025100323000233 Published online by Cambridge University Press

https://doi.org/10.1017/S0025100323000233


276 Burroni et al.

Figure 4. (Colour online) Left: duration ratio of the final syllables to the entire word phrase-medially. Right:
duration ratio of the final syllables to the entire word phrase-finally.

does not (χ 2
(1) = 5.10, p = .023). In phrase-final position, final syllables have a higher dura-

tion ratio to the word in comparison to initial syllables, with an estimated effect size of 0.1
(95% CI [0.07, 0.13]). The presence of IGs makes the duration ratio of the final syllable to the
word lower than the duration ratio of initial syllables to the word by approximately −0.015
(95% CI [−0.026, −0.004]; Figure 4).

Finally, we found that both phrasal position and the presence of IG onsets influence the
difference in the duration ratio between the final and initial syllable, but their interaction
does not (χ 2

(1) = 5.10, p= .023). In phrase-final position, the difference in the duration ratio
of the final and initial syllable increases in comparison to the duration ratio in phrase-
medial position, with an estimated effect size of 0.2 (95% CI [0.15, 0.26]). The presence of
IGs makes the difference in duration ratios smaller in comparison to the difference in words
with singleton onsets by approximately −0.03 (95% CI [−0.05, −0.008]).

5.2 Intensity

Our main findings for intensity show that IGs do not have strong effect, besides a small
effect on curvature. Position has a strong effect on both vowels: intensity contours are lower
in utterance-final position, and they also have steeper fall over words. We also observe an
interaction: intensity on initial syllables is higher after IGs than after singleton, but only in
final position. This finding showcases an interaction between IGs and phrasal boundaries
that results in steeper intensity falls over words with IGs appearing in phrase-final position.

For intensity of the initial syllable, a stepwise likelihood ratio test suggests that the inter-
action of the presence of IGs and position with linear time, quadratic time, and cubic time
are significant (χ 2

(4) = 833.23, p <.001).
No significant effect of the presence of IGs on the mean intensity of the initial syllable

vowels was observed. By contrast, we found a significant effect for position, with an esti-
mated effect size of −0.26 z-scores. This finding indicates that vowels in phrase-final words
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Figure 5. (Colour online) Left: model fit of the intensity contour of the initial syllable vowels in phrase-medial
position; shaded area represents two standard errors above and below the empirical mean. Right: model fit of the

intensity contour of the initial syllable vowels in phrase-final position.

have lower intensity than those in phrase-medial words, by −1.44 dB to −2.09 dB depend-
ing on the intensity range of the speaker. Similarly, the interaction of the presence of IGs
and position has a significant effect, with an estimated effect size of 0.11 z-scores. This find-
ing indicates that the vowels after IGs have an additional increase in mean intensity only
in utterance-final position, estimated to be 0.61 dB to 0.89 dB depending on the intensity
range of the speaker.

We only observe a significant effect of the interaction of linear time and position, with
an estimated effect size of −0.10 z-scores (−0.55 to −0.81 dB). However, no effect of the
interaction of linear time and the presence of IGs nor the interactions among linear time,
presence of IGs, and position were observed. These findings indicate that position in the
utterance influences the intensity contours’ slope but that the presence of IGs and their
interaction with position does not. The effect of the interaction of quadratic time and the
presence of IGs is significant. The effect of the interaction of quadratic time and position
is also significant. However, no effect of the interaction among quadratic time, presence of
IGs, and position was observed. These findings indicate that the presence of IGs and position
affect the curvature of the intensity contour but that their interaction does not. Finally,
none of the interaction with cubic time is significant. Figure 5 presents the model fit to the
data.

For intensity of the final syllable, a stepwise likelihood ratio test suggests that the inter-
action of the presence of IGs and position with linear time, quadratic time, and cubic time
are significant (χ 2

(4) = 280.84, p <.001).
The effect of the presence of IGs on the mean intensity of the final syllable vowels is

significant, with an estimated effect size of 0.04 z-scores. This finding indicates that the
vowels in the final syllables of words with IGs have higher mean intensity than those of
words with singleton onsets; the estimated effect size is 0.22 dB to 0.32 dB, depending on
the speakers’ range. The effect of position is significant, with an estimated effect size of
approximately −0.60 z-scores. This finding indicates that the vowels in the final syllables
of phrase-final words have lower mean intensity than those of phrase-medial words by
approximately −3.32 dB to −4.83 dB. The effect of the interaction of the presence of IGs
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Figure 6. (Colour online) Left: model fit of the intensity contour of the final syllable vowels in phrase-medial
position. Right: model fit of the intensity contour of the final syllable vowels in phrase-final position.

Figure 7. (Colour online) Left: intensity difference of the final minus initial syllable phrase-medially. Right: intensity
difference of the final minus initial syllable phrase-finally.

and position is also significant, with an estimated effect size of −0.05 z-scores. This finding
indicates that the vowels after IGs have an additional decrease in mean intensity in the final
position of an estimated −0.28 dB to −0.40 dB.

No significant effect was observed for the interaction of linear time and the presence of
IGs, but we found a significant effect for the interaction of linear time and position, with
an effect size of approximately −2.44 z-scores (−13.53 to −19.74 dB). Similarly, the effect of
the interaction among linear time, presence of IGs, and position is significant, with an effect
size of approximately −0.21 z-scores (−1.16 to −1.69 dB). These findings indicate that posi-
tion and the interaction of the presence of IGs and position affect intensity contours’ slope,
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Table 4.Summary of statistical analyses of intensity (significance and effect size)

Initial geminates vs. singleton Vowel1 vs. Vowel2

Vowel1 Vowel2 Vowel2 − Vowel1

Sig. Est. Sig. Est. Sig. Est.

Geminate n.s. ∗∗∗ 0.04 n.s.

Linear × Geminate n.s. n.s.

Quadratic × Geminate ∗ 0.06 n.s.

Cubic × Geminate n.s. n.s.

Position ∗∗∗ −0.26 ∗∗∗ −0.60 n.s.

Linear × Position ∗∗∗ −0.10 ∗∗∗ −2.44
Quadratic × Position ∗∗∗ 0.09 ∗∗∗ −0.10
Cubic × Position n.s. ∗∗ 0.08

Geminate × Position ∗∗∗ 0.11 ∗∗∗ −0.05 ∗∗∗ −0.12
Linear × Geminate × Position n.s. ∗∗∗ −0.21
Quadratic × Geminate × Position n.s. ∗∗ 0.13

Cubic × Geminate × Position n.s. n.s.

∗∗∗p < .001, ∗∗ 0.001 < p < 0.01, ∗ 0.01 < p < 0.05, n.s. p > 0.05

but the presence of IGs does not. Similarly, the interaction of quadratic time and the pres-
ence of IGs is not significant. The effect of the interaction of quadratic time and position
is significant. The interaction among quadratic time, presence of IGs, and position is also
significant. No effect was observed for the interaction between cubic time with the pres-
ence of IGs, and the interaction among cubic time, presence of IGs, and position. However,
the effect of the interaction of cubic time and position is significant. Figure 6 illustrates the
model fit.

Finally, the interaction between the presence of IG onsets and phrasal position influ-
ences the difference in intensity of the vowels in the final and initial syllables (χ 2

(1) = 11.85,
p < .001). The presence of IGs in phrase-final position corresponds with a more negative dif-
ference in intensity between the final and initial syllables, with an estimated effect size of
−0.12 z-scores (95% CI [−0.19, −0.05]); this finding corresponds to a range of −0.66 dB to
−0.97 dB (Figure 7). Note that even though the best model includes terms for IGs, position,
and their interaction, we only observe a significant effect for the interaction term.

Table 4 shows the summary of statistical analyses of intensity.

5.3 Fundamental frequency

Our findings show that words with IGs have slightly higher f0 on both syllables, but the
effect is small. Position has a strong effect on f0: f0 contours are rising phrase-medially
but falling phrase-finally. As for the interaction between position and IGs, words with IGs
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Figure 8. (Colour online) Left: model fit of the f0 contour of the initial syllable vowels in phrase-medial position.
Right: model fit of the f0 contour of the initial syllable vowels in phrase-final position.

in phrase-final position have a less steep fall than predicted by the addition of individual
effects. The outcome is that f0 fall is comparable across words with IGs and singletons.

For f0 of the initial syllable, the stepwise likelihood ratio test suggests the interaction
between the presence of IGs and position with linear time, quadratic time, and cubic time
are significant (χ 2

(4) = 12.80, p=.012).
For vowels of initial syllables, the effect of the presence of IGs, the position in the phrase,

and the interaction of the presence of IGs and position on mean f0 are significant. The
effect size of the presence of IGs is approximately 0.01 z-scores. This finding indicates that
the vowels following IGs have a higher mean f0 than those following singletons, by 0.23
to 0.4 Hz, depending on the speaker’s f0 range. The effect size of the position is approxi-
mately −0.23 z-scores. This finding indicates that the vowels in phrase-final position have
a lower mean f0 than those in phrase-medial position, by −5.17 to −9.2 Hz, depending on
the speaker’s f0 range. The effect size of the interaction between the presence of IGs and
position is approximately 0.01 z-scores. This finding indicates that vowels after IGs have an
additional increase of mean f0 in phrase-final position, estimated to be from 0.23 to 0.40 Hz.

The effect of the interaction between linear time and the presence of IGs is also signifi-
cant, with an estimated effect size of approximately −0.08 z-scores (−1.8 to −3.2 Hz), and
that between linear time and phrasal position is significant, with an estimated effect size of
approximately −0.17 z-scores (−3.85 to −6.81 Hz). We also observed the interaction among
linear time, presence of IGs, and position, with an estimated effect size of approximately
−0.07 z-scores (−1.58 to −2.8 Hz). These findings indicate that the presence of IGs and
position and their interaction influence the f0 slope. We observed the interaction between
quadratic time with the presence of IGs, but there was no effect of the phrasal position, or
their interaction. The effect of the interaction between cubic time and the presence of IGs
is significant. Similarly, the interaction between cubic time and phrasal position is signif-
icant. No effect was observed for the interaction among cubic time, presence of IGs, and
position. Figure 8 illustrates the model fit.

For f0 of the final syllable, the stepwise likelihood ratio test suggests that the interac-
tion of the presence of IGs and position with linear time, quadratic time, and cubic time is
significant (χ 2

(4) = 455.28, p <.001).
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Figure 9. (Colour online) Left: model fit of the f0 contour of the final syllable vowels in phrase-medial position.
Right: model fit of the f0 contour of the final syllable vowels in phrase-final position.

Figure 10. (Colour online) Left: f0 difference of final minus initial syllable phrase-medially. Right: f0 difference of
the final syllable minus the initial syllable phrase-finally.

For vowels in final syllables, a significant effect is observed for the presence of IGs, with
an estimated effect size of approximately 0.09 z-scores. This finding indicates that vowels
of final syllables in words with IGs have higher mean f0 than those in words without IGs,
by 2.03 to 3.6 Hz. The effect of phrasal position is also significant, with an estimated effect
size of approximately −1.28 z-scores. This finding indicates that vowels of final syllables in
phrase-final position have lower mean f0 than those in phrase-medial position, by −28.8 to
−51.2 Hz. The interaction of the presence of IGs and phrasal position also has a significant
effect on mean f0, with an estimated effect size of approximately −0.09 z-scores. This find-
ing indicates that the final syllable vowels in words with IGs have an additional decrease in
mean f0 in phrase-final position, estimated to be −2.03 to −3.6 Hz.
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Table 5.Summary of statistical analyses of f0 (significance and effect size)

Initial geminates vs. singleton Vowel1 vs. Vowel2

Vowel1 Vowel2 Vowel2 − Vowel1

Sig. Est. Sig. Est. Sig. Est.

Geminate ∗∗∗ 0.01 ∗∗∗ 0.09 n.s.

Linear × Geminate ∗∗ −0.07 n.s.

Quadratic × Geminate ∗ −0.05 ∗∗ −0.11
Cubic × Geminate ∗∗ 0.07 n.s.

Position ∗∗∗ −0.24 ∗∗∗ −1.29 ∗∗∗ −0.66
Linear × Position ∗∗∗ −0.17 ∗∗∗ −2.24
Quadratic × Position n.s. ∗∗∗ 0.33

Cubic × Position ∗∗ 0.06 ∗ 0.10

Geminate × Position ∗ 0.01 ∗∗∗ −0.08 n.s.

Linear × Geminate × Position ∗ −0.07 ∗∗∗ 0.57

Quadratic × Geminate × Position n.s. ∗∗∗ 0.27

Cubic × Geminate × Position n.s. n.s.

∗∗∗p < .001, ∗∗ 0.001 < p < 0.01, ∗ 0.01 < p < 0.05

No significant effect was observed for the interaction between linear time and the pres-
ence of IGs, but the effect of the interaction between linear time and position is significant,
with an estimated effect size of approximately −2.24 z-scores (−50.4 to −89.6 Hz). The
effect of interaction among linear time, the presence of IGs, and phrasal position is also
significant, with an estimated effect size of approximately 0.57 z-scores (12.83–22.8 Hz).
These findings indicate that position and the interaction of the presence of IGs and posi-
tion affect the f0 slope but that the presence of IGs does not. Additionally, the interaction
between quadratic time and the presence of IGs is significant. Similarly, the interaction
between quadratic time and phrasal position is significant. The effect of the interaction
among quadratic time, the presence of IGs, and position is also significant. No effect was
observed for the interaction between cubic time with the presence of IGs or the interaction
among cubic time, the presence of IGs, and position. The effect of the interaction of cubic
time and position is significant. Figure 9 illustrates the model fit.

Finally, we conducted a comparison between initial and final syllable differences in f0.
The best performing model is one with a term for position only (χ 2

(1) = 12.15, p < .001). The
results demonstrate that phrasal position influences the difference in f0 between the final
and initial syllable and that phrase-final position reduces the difference in f0 between the
final and initial syllables, with an estimated effect size of −0.66 z-scores (95% CI [−0.96,
−0.36]); this finding corresponds to a range from −14.93 to −26.45 Hz (Figure 10).

Table 5 shows the summary of statistical analyses of f0.
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5.4 Formants

We found no effects of the presence of IGs, phrasal position, or their interaction on either
F1 (χ 2

(3) = 4.40, p = .22) or F2 (χ 2
(3) = 1.24, p = .74) of vowels in initial syllables. The pres-

ence of IGs and phrasal position, as well as their interaction had no effect on either the F1
(χ 2

(3) = 4.61, p= .20) or F2 (χ 2
(3) = 3.13, p= .37) of the vowels in final syllables.

5.5 Spectral tilt

A significant effect is observed for phrasal position on initial syllable vowel H1−A2
(χ 2

(1) = 6.63, p = .01). In phrase-final position, initial syllable vowels have a larger H1−A2
than in phrase-medial position, with an estimated effect size of 2.25 dB (95% CI [0.95, 3.55]
dB). There is also a significant effect of phrasal position on initial syllable vowels H1−A3
(χ 2

(1) = 4.95, p = .026). In phrase-final position, initial syllable vowels have a larger H1−A3
than in phrase-medial position, with an estimated effect size of 2.45 dB (95% CI [0.73, 4.18])
(Figure 11). No significant effect is observed for the presence of IGs and the interaction
between the presence of IGs and position.

Similar effects are found for the final syllable vowels. The effect of phrasal position on
final syllable vowel H1−A2 is significant (χ 2

(1) = 5.89, p= .015). In phrase-final position, final
syllable vowels have a larger H1−A2 than in phrase-medial position, with an estimated
effect size of 3.06 dB (95% CI [0.83, 5.30] dB). There is also a marginally significant effect
of phrasal position on final syllable vowel H1−A3 (χ 2

(1) = 3.91, p = .048). In phrase-final
position, final syllable vowels have a larger H1−A3 than in phrase-medial position, with
an estimated effect size of 2.49 dB (95% CI [0.19, 4.79] dB) (Figure 12). No significant effect
is observed for the presence of IGs and the interaction between the presence of IGs and
position.

Figure 11. (Colour online) Left: H1−A2 (top) and H1−A3 (bottom) of initial syllable vowels in phrase-medial
position. Right: H1−A2 (top) and H1−A3 (bottom) of initial syllable vowels in phrase-final position.
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Figure 12. (Colour online) Left: H1−A2 (top) and H1−A3 (bottom) of final syllable vowels in phrase-medial
position. Right: H1−A2 (top) and H1−A3 (bottom) of final syllable vowels in phrase-final position.

6 Discussion

We now return to our two research questions:

(i) Does the presence of IGs affect the prominence profile of PM words?
(ii) Does position in the utterance affect the prominence profile of PM words?

For (i), our experimental findings do not support the claim that the presence of IGs
categorically affects the prominence profiles of PM words; instead, they have only small
phonetic effects on syllable duration, intensity, and f0. Significant differences are not
observed in the relative prominence profiles of words with and without IGs. For (ii), the
presence of phrasal boundary has categorical effects on the relative f0 of initial and final
syllables because words in phrase-medial position show a rising f0 contour, and words in
phrase-final position show a falling f0 contour.

Initial syllables with IG onsets have a consistently higher syllable-to-word duration ratio
than initial syllables without IG onsets. The analysis of onset raw duration and duration
ratios suggests that the effect is due to IGs being longer than the corresponding singletons.
A mirror image effect is observed in final syllables: final syllable duration ratios exhibit
a small decrease when words contain IGs because IGs increase the raw duration of initial
syllables. Nonetheless, final syllables always display a longer duration ratio to the word
than initial syllables, regardless of the presence of IGs (Figure 13, top).

Initial geminates also have small effects on the intensity of the vowels after them, with
the clearest effect occurring in phrase-final position where vowels after IGs have a higher
intensity than those after singletons (Figure 13, middle). In other words, how strongly IGs
affect intensity appears to be related to position in the phrase as well. In terms of relative
prominence, intensity is always slightly higher on initial syllables than on final syllables,
regardless of the presence of IGs. It is worth noting that prominent syllables are found
to have higher intensity than non-prominent ones cross-linguistically (Gordon & Roettger
2017).

Similar increases due to the presence of IGs are observed for f0, but the effect size is even
smaller. Furthermore, words with and without IGs do not have different f0 profiles in the
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Figure 13. (Colour online) Duration ratio (top), intensity contour (middle), and f0 contour (bottom) of words
with IG and singleton onsets.

same phrasal position (Figure 13, bottom). No effect of the presence of IGs is observed for
vowel formants or spectral tilt. Overall, the presence of IGs has small effects corresponding
to longer duration ratios and higher intensity on the vowel of the initial syllables, especially
when the words appear phrase-finally, and a general increase in f0 for both the initial and
final syllable vowels. These findings demonstrate that the effects of IGs are subtle and not
in line with a phonological change of stress or pitch accent position.

By contrast, the effects of phrasal position are significantly stronger than the effect of
the presence of IGs. Occurrence in phrase-final position strongly increases the raw duration
of final syllables, decreasing the duration ratio of the initial syllable to the word, and the
duration ratio of the final syllable to the word (Figure 13, top).

Phrasal position also correlates with categorical differences in intensity and f0 contours.
Namely, words in phrase-final position have lower intensity and f0 for both initial and final
syllable vowels than those in phrase-medial position (Figure 13, middle and bottom). We
also found a stronger effect on the vowels in final syllables than on the vowels in initial
syllables. The final syllable vowels in phrase-final position show a steeper intensity fall than
final syllable vowels in phrase-medial position (Figure 13, middle). Similarly, final syllable
vowels in phrase-final position show falling f0 contours, and final syllable vowels in phrase-
medial position show rising f0 contours (Figure 13, bottom). It is important to note that the
falling f0 contour in phrase-final position is commonly observed cross-linguistically. This
phenomenon is known as f0 declination (Ladd 1984).

No effect on vowel formants is observed. We also observed an effect of phrasal position
on the spectral tilt of initial and final syllable vowels. The H1−A2 and H1−A3 values are the
most positive in phrase-final position. In other words, the decrease in energy from the first
harmonic to the higher frequency range (A2 or A3) is larger when words appear in phrase-
final position than when words appear in phrase-medial position. Based on previous reports
of spectral tilt as a correlate of prominence (Gordon & Roettger 2017), our observation is
that vowels of both initial and final syllables in phrase-final position seem to be similar to
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Table 6.Direction of the effects of the presence of IGs and phrasal position on duration ratio, z-scored
intensity, z-scored f0, vowel formants (Hz), H1−A2 (dB), and H1−A3 (dB). Significant effects are presented
with their estimated effect size

Singleton vs. initial geminate Phrasal position

Vi('IG) Vi(IG) Est. Vf ('IG) Vf (IG) Est. Vi(M) Vi(F) Est. Vf (M) Vf (F) Est.

Duration − + .015 + − −.015 + − −.1 − + .1

Intensity = = − + .05 + − −.26 + − −.6
f0 − + .008 − + .08 + − −.24 + − −1.29
Formant = = = = = = = =
H1−A2 = = = = − + 2.25 − + 3.06

H1−A3 = = = = − + 2.79 − + 2.49

less prominent vowels in that they have a steeper intensity roll-off. Table 6 summarizes the
effects of the presence of IGs and phrasal position.

In summary, the effects of IGs are less salient than those of phrasal position; this finding
is evident from the difference in the order of magnitude of the effects. Moreover, the effects
of IGs seem to be amplified in phrase-final position, thus, showcasing a hitherto unnoticed
interesting interaction between these two factors.

Based on our experimental results, one open question is why PM has been reported to
have final stress and stress shift in words with IGs (e.g., Chotikakamthorn 1981; Yupho
1989). Previous studies (Section 1.2) elicited PM words in isolation or as a final word in a
carrier sentence. In other words, the prominence patterns reported in the literature reflect
prominence in phrase-final position. Our study shows that the presence of IGs has stronger
effects when words appear in phrase-final position. We found intensity and f0 boosts due to
the presence of IGs on initial syllable vowels in phrase-final position. In phrase-medial posi-
tion no intensity boost and a less strong f0 boost on initial syllable vowels are observed. The
presence of a phrase-final boundary decreases the intensity and f0 of final syllable vowels
in words with IGs, even more than it does in words without IGs (Table 4 and Table 5). Thus,
in phrase-final position, words with IGs have higher intensity and f0 on initial syllables than
words without IGs. However, on final syllables, the values are comparable. Combining these
two effects, we observed that words with IGs show a steeper fall of intensity and f0 over the
word than words without IGs in phrase-final position.

In view of these findings, one possibility is that previous reports of categorical effects
of IGs are due to the steeper falling f0 and intensity profiles compared to words with sin-
gletons. This sharper fall may lead to the perception of a stress shift, especially for native
speakers of Thai (e.g., Chotikakamthorn 1981; Yupho 1989), who perceive falling contours
as posttonic (Gandour 1979). If researchers have been assuming that PM is a non-tonal lan-
guage and somewhat similar to a prototypical stress language, like English, the higher pitch
and intensity on the initial syllable and the sharp falling contour in IG words may have been
interpreted as stress on the initial syllable, especially by Thai field linguists. Additionally,
because words were possibly elicited in isolation, that is, phrase-finally, final lengthening
of the final syllable may be perceived as stress in non-IG words, where initial syllables have
lower intensity and f0 and a less steep falling contour over the word.

We conclude with a final remark on perhaps the single most famous claim on PM IGs,
namely, their alleged moraic status (Hajek & Goedemans 2003; Topintzi 2008). In previous
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work, PM IGs have been described as a case of moraic onset, based on the claim that IGs
attract stress: words with IGs have initial stress, while final stress is the default. However,
our data suggest that IGs do not affect prominence profiles of words in PM in the categorical
manner predicted by this account. Our findings cast doubt on the claim that PM IGs trigger
a stress shift. This, in turn, invalidates the only positive evidence for the moraic status of
IGs in PM. Regarding stress or prominence, our findings suggest that PM is more similar to
most Malay varieties in lacking clear evidence for stress and the contemporaneous usage of
f0 and other acoustic cues typically attributed to word-level prominence.

Some limitations of the present work should also be acknowledged. First, our data col-
lection procedures and stimuli are more typical of a corpus collection rather than tightly
controlled lab speech. Additional limitations result from a tradeoff between constructing
natural sounding PM sentences and control over stimuli and carriers of segmental compo-
sition. For instance, differences in length of the carrier sentence, the use of different vowels
across initial syllables, as well as in initial and final syllables of the same word, are all fac-
tors that introduce more variability in measurements like duration, due to compression
in longer sentences, and f0 and intensity, due to intrinsic f0 and intensity effects. At the
same, they also prevent us from conducting certain analyses, like a comparison of formants
across the two vowels in the same word. We tried to account for this type of variation by
presenting both raw and normalized measurements, like ratios and deltas. Furthermore,
we also included random effects in the model that capture word-specific variations due to
segmental composition and context, as each word is embedded in a unique context.

A final disclaimer worth emphasizing is that this paper presented only (acoustic) pro-
duction evidence. Acoustic evidence seems to broadly agree with previous reports of longer
duration, higher f0, and intensity (only in phrase-final position) after IGs. The effects do not
seem, however, to be compatible with previous claims of suprasegmental changes to words
in the presence of IGs; as the acoustic profiles of words with and without IGs are compara-
ble. Perceptual work is, however, necessary, to ascertain how the acoustic patterns reported
may be mapped to the perception of phonological contrasts in PM both in terms of segmen-
tal and of suprasegmental information, as well as their interaction. Especially given that
recent work has shown that the perception of cues to duration is modulated by prosody
(e.g., Steffman 2019). However, this will not be an easy task given the complex interplay of
acoustic cues underlying IGs contrasts in PM (Abramson 1986, 2003) and cross-linguistically
(Burroni et al. 2022).

Despite these limitations, our results broadly confirm the findings of previous work
where IGs, examined in words recorded in isolation, caused increases in f0 and intensity
over the vowels following them. This is in line with acoustic work on IGs in other languages,
where concomitant changes in f0 and intensity are also present (Burroni et al. 2022), but no
stress shift process in their presence has been alleged. Our work additionally contributed by
showing that some of these effects are probably due to the interaction of IGs and prosodic
boundaries, which was not examined in previous work. In sum, both tightly controlled and
more naturalistic speech point in the same direction. Future work on PM could be dedi-
cated to uncovering how the differences between IGs and singletons may vary as a function
of communicative context, for instance, in the presence of an interlocutor or in different
speech tasks.

7 Conclusion

In this paper, we have studied the interaction between syllabic prominence, the presence of
IGs, and phrasal boundaries in PM. We conclude that IGs do not trigger categorically differ-
ent prominence profiles as claimed in the literature, but do correspond to a subtle acoustic
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modulation of duration, intensity, and f0. Additionally, a phrasal boundary triggers cate-
gorical changes that can be considered phonological effects, as shown by the difference in
duration, intensity, f0, and spectral tilt. We also uncovered an interaction between IGs and
prosodic boundaries, which may be responsible for the perception of stress shift reported
in the literature. Our acoustic investigation has also allowed us to contextualize PM among
other Malay varieties. PM looks similar to other Malay varieties, for example, Besemah and
Malaysian Malay, in which duration and f0 contours are dissociated from each other. In
summary, we conclude that PM is less typologically exceptional than previously claimed in
the phonological literature.
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Appendix A

Table A1.Prompts

PM Gloss Final position Non-final position

[pagi] ‘morning’ baNuN pagi magE nasi pagi tµNa gENsom

(I) wake up in the morning. I have Kangsom (curry) for breakfast.

[paka] ‘to use/wear’ tajç//amç/kitç kˆnE tali taNE hç/
dEmç paka.

/amç paka tali taNE

I like the bracelet that I wear. I wear a bracelet.

[tançh] ‘land’ tç/ tançh dalE tançh /adç ‹a‹iN
(I) put it on the ground. There are earthworms in the ground.

[dapo] ‘kitchen’ ƒumçh /adç dapo duwç dapo /adç dapo bµsa tµNa dapo haluh

There is a kitchen in a house. There are big and small kitchens.
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Table A1.Continued

PM Gloss Final position Non-final position

[kato/] ‘hammer’ pitu salç/ paka tuko kato/ /amç paka tuko kato/ pitu

A door was locked. (We) must use a

hammer to smash it.

I use a hammer to smash the door.

[kabo] ‘Java kapok’ dijç tanE pahaN kabo paka kabu buwa bata

He plants a Java kapok tree. The pillow is made of Java kapok.

[ga‹ˆ] ‘wage’ tajç buleh duwi ga‹i /aku ga‹i kç dEmç

I receive my salary. I pay you (your) salary.

[‹alE] ‘path’ /amç digç ‹alE /adç ‹alE digç ‹alE
There are three paths. There are paths; three of them.

[misa] ‘mustache’ tajç ‹uko misa tajç ‹uko misa sç/mç

I shave (my) mustache. I usually shave (my) mustache.

[labç] ‘profit’ juwa buleh labç juwa buleh labç bajç/

I gain profit from selling. I gain a lot of profit from selling.

[bule] ‘moon’ malE /adç bulE sˆmalE bulE ‹ˆkç/
There is the moon at night. Last night the moon was bright.

[buNç] ‘flower’ /amç sukç buNç /amç sukç buNç puteh

I like flowers. I like white flowers.

[‹uƒi] ‘to steal’ jç katç /aku ‹uƒi dijç ‹uƒi talitˆkç/ hçh /amç

His necklace is missing, (and) he

thinks that I stole it.

He stole my necklace.

[p˘agi] ‘early morning’ dENç baNuN p˘agi buwa nasi p˘agi duwa mç/

You wake up very early in the

morning.

I cook with mom early in the morning.

[p˘aka] ‘usable’ computer tu buleh p˘aka /amç buleh p˘aka computer tu

That computer works. You can use that computer.

[t˘ançh] ‘outside/ on the floor’ sajç ta t˘ançh tanE buNç t˘ançh dçh

(It is) outside/on the floor (of the

house).

Flowers were already planted

outside/on the floor.

[d˘apo] ‘at the kitchen’ mE buwa nasi dalE d˘apo mEjç d˘apo punçh

(My) mother was cooking in the

kitchen.

A table in the kitchen is broken.

[k˘ato/] ‘frog’ /amç juwa k˘ato/ /amç /adç k˘ato/ pa/ /Ekç

I sell frogs. I have four frogs.
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Table A1.Continued

PM Gloss Final position Non-final position

[k˘abo] ‘beetle’ /amç pEƒç k˘abo /amç pEƒç k˘abo pa/ /Ekç

I have beetles (as pets). I have four beetles.

[g˘a‹ˆ] ‘saw’ dijç nçh g˘a‹i kitç paka g˘a‹i gˆƒa/ pahoN

He wants a saw. We use a saw to cut trees.

[‹˘alE] ‘to walk’ sajç ‹˘alE mE ‹˘alE ƒigˆ nah
I walk. (My) mother walks to the market.

[m˘isa] ‘to grow a mustache’ jatE taNo/ m˘isa /abE tako m˘isa pa6E
Men like to keep mustache. He keeps a very long mustache.

[l˘abç] ‘spider’ /amç tako/ l˘abç /adç l˘abç pitu

I am afraid of spiders. There is a spider at the door.

[b˘ulE] ‘month’ dijç ƒi wagijç hatjai duwç b˘ulE sa b˘ulE /adç tiƒçpuloh haƒi

He works at Hatyai for two months. There are thirty days in a month.

[b˘uNç] ‘to bloom’ buNç b˘uNç buNç b˘uNç puteh

Flowers bloom. Flowers bloom in white.

[‹˘uƒi] ‘thief’ dijç jadi ‹˘uƒi sˆdadu /iƒa ‹˘uƒi pa/ /Ekç

He is a thief. Four thieves were arrested by the

police.

Appendix B

Statistical models (Best fitting models)

Duration Onset Duration ∼ IG + (IG |Speaker) + (IG|Onset Voicing/Place/Manner)
Onset Duration Ratio ∼ IG + Position + (IG + Position|Speaker) + (IG + Position|Onset

Voicing/Place/Manner)
Syllable 1 Ratio ∼ IG + Position + (IG + Position|Speaker) + (IG + Position|Onset

Voicing/Place/Manner)
Syllable 2 Ratio ∼ IG + Position + (IG + Position|Speaker) + (IG + Position|Onset

Voicing/Place/Manner)
Delta Syllable 2 - Syllable 1 Ratio ∼ IG + Position + (IG + Position|Speaker) + (IG +

Position|Onset Voicing/Place/Manner)

Intensity Delta Syllable 2 - Syllable 1 Intensity ∼ IG ∗ Position + (IG + Position|Speaker) +
(IG + Position|Onset Voicing/Place/Manner) + (IG + Position|Vowel)

Formants V1/2 F1/F2 ∼ 1 _(IG + Position|Speaker) + (IG + Position|Onset
Voicing/Place/Manner) + (IG + Position|Vowel)

Spectral tilt V1/2 H1–A2/H1–A3 ∼ position + (IG + Position|Speaker) + (IG +
Position|Onset Voicing/Place/Manner) + (IG + Position|Vowel)

Delta V1–V2 H1–A2/H1–A3 ∼ 1 + (IG + Position|Speaker) + (IG + Position|Onset
Voicing/Place/Manner) + (IG + Position|Vowel)
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