
Journal of Phonetics 74 (2019) 55–74
Contents lists available at ScienceDirect

Journal of Phonetics

journal homepage: www.elsevier .com/locate /Phonet ics
Research Article
Acoustic correlates of word stress in Papuan Malay
https://doi.org/10.1016/j.wocn.2019.02.003
0095-4470/� 2019 Elsevier Ltd. All rights reserved.

E-mail address: ckaland@uni-koeln.de
Constantijn Kaland

Institute of Linguistics, University of Cologne, Germany
a r t i c l e i n f o a b s t r a c t
Article history:
Received 26 April 2018
Received in revised form 12 February 2019
Accepted 20 February 2019

Keywords:
Word stress
Acoustic correlates
Papuan Malay
Prosody
The current study investigates acoustic correlates of word stress in Papuan Malay. This language is claimed to

exhibit word stress, although empirical evidence is lacking. Moreover, related languages have been shown not

to have stress, counter to earlier claims. Studies on stress in Austronesian languages have furthermore struggled

to separate phrase level intonation phenomena from word level stress. The current study investigates a set of

twelve potential acoustic correlates of stress, covering spectral, temporal and amplitudinal aspects of the speech

signal. The measurements are taken from spontaneous Papuan Malay narratives. A subsequent comprehensive

acoustic analysis was carried out and designed to avoid common pitfalls in the study of word stress. Results indi-

cate that measures of duration, formant displacement and spectral tilt provide consistent evidence for the produc-

tion of word stress in Papuan Malay.

� 2019 Elsevier Ltd. All rights reserved.
1. Introduction

Papuan Malay is considered a Trade Malay variety, spoken
in the Indonesian provinces Papua and Papua Barat. Other
Trade Malay varieties include Ambonic (Ambonese, Banda),
Kupang, Larantuka and Manadoic (Manado, North Moluccan),
see Paauw (2008) for a comparative overview. The relatively
little research that has been carried out on these languages
consists mostly of descriptive grammars, with little to no atten-
tion paid to prosody. Most of the Trade Malay varieties are
claimed to have word level stress. In some varieties stress
occurs at variable locations and might be phonemic (i.e. the
sole distinction between two otherwise identical words), while
in others the stress location is rather fixed and non-
phonemic. In the current study, both types are henceforth
referred to as (word) stress; i.e. the single acoustically most
prominent syllable in a word. The goal of the present study is
to investigate whether there is acoustic evidence for word
stress patterns in Papuan Malay. The communicative function
of potential word stress patterns is beyond the scope of the
current study, although some discussion is provided in the final
section.

As the majority of the stress claims for Trade Malay varieties
have remained without empirical support, it has been ques-
tioned to what extent prosodic descriptions were influenced
by the (mostly Western) background of the authors
(Himmelmann, 2018). In fact, recent work on Ambonese Malay
did not find acoustic evidence for word stress, counter to ear-
lier claims (Maskikit-Essed & Gussenhoven, 2016). Studies on
varieties of Indonesian indicated that stress, if present at all,
has a different status in the prosody compared to well-
studied languages such as English. The current study on word
stress correlates in Papuan Malay provides a necessary
empirical investigation. In addition, it sheds light on an under-
researched language with potential implications for the study
of prosody in related languages.

The current study investigates to what extent acoustic cor-
relates support earlier claims on the existence of word stress
in Papuan Malay (Kluge, 2017). Crucially, acoustic measures
from all aspects of the speech signal are taken into account;
broadly categorised as either spectral, temporal or amplitudi-
nal. Spectral measures are defined as correlates that relate
to frequency aspects of the signal, such as pitch and formants.
Temporal aspects relate to the duration of speech. Amplitudi-
nal measures in this study represent the acoustic power in
(parts of) the speech signal, such as intensity and spectral tilt.
Furthermore, possible interference of phrase intonation phe-
nomena is avoided in the current study. This is done both by
focusing on a specific subset of the available data as well as
by the calculation of relative acoustic measures. In this way,
pitfalls of earlier work are avoided and the results constitute
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more robust evidence concerning the existence of word stress
in Papuan Malay.

In the next (sub)sections an overview is given of word stress
claims in all Trade Malay varieties (Section 1.1). Thereafter,
studies on word stress in Indonesian, a closely related lan-
guage, are discussed (Section 1.2). Furthermore, an overview
of common acoustic correlates found crosslinguistically is
given in Section 1.3 and the methodological concerns in previ-
ous work on word stress are listed in Section 1.4. Finally, Sec-
tion 1.5 states the research questions.

1.1. Stress in Trade Malay

In this section, all Trade Malay varieties distinguished in
Paauw (2008) are discussed to the extent that word stress
claims have been made. Phrase level prosody is discussed
to a limited extent, focusing mainly on its relation to word level
phenomena. Table 1 gives a summary of the aspects of the lit-
erature on Trade Malay, which are most relevant to the current
study. These include the position of word stress, whether it is
phonemic, whether acoustic measures were carried out,
whether the collected samples consisted of free speech (e.g.
spontaneous unscripted) or constrained speech (due to script-
ing or prompting) and the context in which the samples
appeared (isolation, phrase-medial, phrase-final or
uncontrolled)

1.1.1. Papuan Malay

Kluge (2017) carried out extensive fieldwork on 44 speak-
ers, predominantly from the Sarmi region in the Papua pro-
vince. Observations based on a list of 1116 words consisting
of Papuan Malay roots revealed that word stress is located
on the penultimate syllable in 90% of the cases. The remaining
10% show stress on the ultimate syllable. Many of the cases in
which stress is located on the ultimate syllable, the penultimate
syllable contains the vowel /e/. It cannot be concluded that /e/
rejects word stress, as 7% of the words with penultimate stress
contains /e/ (Kluge, 2017, p. 96). The other reported Papuan
Malay vowels are /i/, /a/, /ɔ/ and /u/. Although the observations
in Kluge (2017) are mainly based on the author’s auditory
impressions, a preliminary acoustic analysis of spectral tilt as
correlate of word stress confirmed the stress claims to a large
extent (Kaland, 2018). Furthermore, no minimal stress pairs
are available in the word lists in Kluge (2017). It deserves to
be noted that near-minimal stress pairs tend to consist of /e/
in the penultimate syllable, for example: [ˈbe.bas] ‘be free’
and [be.ˈban] ‘burden’, [ˈbeN.kɔk̞̚] ‘be crooked’ and [beN.ˈkak̚]
Table 1
Overview of stress claims for native lexical roots in studies on Trade Malay varieties. For varietie
stress; Free/Constrained speech samples in Isolated/Medial/Final/Uncontrolled (phrase) contex

Variety Source(s) Word stress position

Papuan Donohue and Sawaki (2007) P, alt. U
Kluge (2017) P, alt. U

Ambonese Van Minde (1997) I
Maskikit-Essed and Gussenhoven (2016) -

Kupang Steinhauer (1983) P, alt. U
Larantuka Kumanireng (1993)/Paauw (2008) P
Manado Stoel (2007) P, alt. U
Tidore Van Staden (2000) P, alt. U
Ternate Litamahuputty (2012) P, alt. U
‘be swollen’, [ˈe.nak̚] ‘be pleasant’ and [e.ˈnam] ‘six’, and
[ˈme.maN] ‘indeed’ and [me.ˈnaN] ‘to win’. Also in older and
smaller descriptions of Papuan Malay exist, word stress has
been undisputedly assumed to occur regularly on the penulti-
mate syllable (e.g. Donohue & Sawaki, 2007). As for phrase
prosody, the few studies available suggest that marking of
information structure using pitch movements (i.e. pitch
accents) is limited to phrase boundaries in Papuan Malay
(Kaland & Himmelmann, 2019; Riesberg, Kalbertodt,
Baumann, & Himmelmann, 2018).

1.1.2. Ambonese Malay

In a description of Ambonese Malay, Van Minde (1997)
assumed irregular word stress. No indications are given about
the (default) location of word stress and, crucially, no report on
the existence of schwa is provided (Paauw, 2008). The main
reason for irregularity is the phonemic nature of stress; hence
the minimal pair /ˈba.rat/ ‘west’ and /ba.ˈrat/ ‘heavy’. However, a
re-evaluation and acoustic measurements were carried out on
read speech samples from four speakers (Maskikit-Essed &
Gussenhoven, 2016). The samples were comparable to the
ones in Van Minde (1997) and led to the conclusion that word
stress does not exist in Ambonese Malay. The vowel /a/ that
occurs in syllables described as unstressed by Van Minde
(1997) was seen as a different phoneme (a-caduc) in
Maskikit-Essed and Gussenhoven (2016) on the basis of its
distinct spectral characteristics. In addition to the reanalysis
of the phoneme inventory, Maskikit-Essed and Gussenhoven
(2016) did not find reliable acoustic evidence for stress in dura-
tion, F0 peak alignment and spectral tilt for the examples pro-
vided in Van Minde (1997). Furthermore, no support was found
for the use of pitch accents in this language.

1.1.3. Kupang Malay

Limited work has been carried out on Kupang Malay. Claims
on stress were made by Steinhauer (1983) on the basis of one
speaker (the author’s wife) and no acoustic investigation. It
was assumed that word stress falls on the penultimate syllable
unless it contains schwa or a central, mid-low and unrounded
vowel. However, schwa did not appear in the vowel inventory
in a Kupang Malay dictionary by Jacob and Grimes (2003). It
has not been investigated what this means for the analysis
of word stress placement in Kupang.

1.1.4. Larantuka Malay

Word stress in Larantuka Malay was described in
Kumanireng (1993) and cited in Paauw (2008). Historically,
s not listed no stress claims have been made. Abbreviations: Penult/Ultimate/Irregular word
ts; n.a. = information not available or not reported.

Phonemic Acoustic measures Sample Context

F C I M F U

n.a. No x x x x
No No x x x x x x
Yes No x n.a.
- Yes x x x
Yes No n.a. n.a.
n.a. No n.a. n.a.
Yes No x x x x x
No No x x
Yes No x x
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Larantuka did not lose schwa and therefore developed regular
rather than phonemic word stress (Paauw, 2008). The default
location, like in other Trade Malay varieties, is the penultimate
syllable. The literature does not report acoustic analyses of
word stress in Larantuka Malay.

1.1.5. Manado Malay

Stoel (2007) analysed the intonation of Manado Malay and
described word stress as being located regularly on the penul-
timate syllable. In addition, some words have stress on the ulti-
mate syllable and a limited amount of minimal pairs indicate
the existence of phonemic stress. However, it has to be noted
that the minimal pairs provided concern proper names and
loanwords (Stoel, 2007; p. 118), which might not reliably reflect
native stress patterns. The data was obtained in elicitation
tasks and further analysed for intonation. Stoel (2007) provided
examples of the prosodic marking of focus in Manado Malay. In
this analysis, pitch accents were aligned with stressed sylla-
bles. These examples were illustrated with pitch contours,
whereas for word stress proper, no acoustic evidence was
provided.

1.1.6. Tidore (North Moluccan Malay)

A grammar on Tidore described stress placement as regu-
larly occurring on the penultimate syllable (Van Staden,
2000). In some cases, stress occurred on the final syllable if
this syllable was heavy (CVC or CVV). Because no minimal
stress pairs were provided, word stress was assumed not to
be phonemic. The data was taken from read texts recorded
during extensive fieldwork.

1.1.7. Ternate (North Moluccan Malay)

A corpus of short stories and anecdotes was collected for
Ternate and extensively described in a grammar
(Litamahuputty, 2012). Stress was claimed to fall on the penul-
timate syllable regularly. Stress occurred on the ultimate sylla-
ble when the penultimate syllable would have consisted of
schwa in other Malay varieties. Ternate was assumed not to
have schwa in its vowel inventory and therefore to have devel-
oped phonemic stress. No acoustic analyses were provided for
word stress in Ternate.

1.1.8. Summary Trade Malay

The general claim made in descriptive work on Trade Malay
varieties is that word stress occurs on the penultimate syllable
unless that syllable contains schwa or a vowel that can be his-
torically linked to schwa. Crucially, the only acoustic analysis
available showed no support for the existence of word stress
or pitch accents in Ambonese Malay (Maskikit-Essed &
Gussenhoven, 2016). These results contrast with the analysis
of Manado Malay in which stress and pitch accents could co-
occur (Stoel, 2007). In sum, although stress claims are highly
similar for all Trade Malay varieties, at least two issues remain
unresolved. First, it is by no means granted that impressionistic
stress claims find acoustic support. Second, if stress indeed
does exist, it cannot be assumed that all Trade Malay varieties
have similar stress placement. Thus, existing stress claims
need to be complemented with in-depth acoustic investigations
of the Trade Malay languages. The discrepancies between the
outcomes of descriptive work and those of experimental inves-
tigations are already reported in the literature on word stress in
Indonesian, which has been studied more extensively. The
current state of the work for Indonesian therefore illustrates
the potential added value of (more) empirical investigations
of word prosody in otherwise under-researched languages.
For this reason, and because Indonesian has a considerable
influence on Trade Malay varieties (Paauw, 2008) a summary
of work on word stress in Indonesian is given in the next
section.
1.2. Stress in Indonesian

Various studies have investigated to what extent word
stress exists in Indonesian. Early work claimed that stress
occurs regularly on the penultimate and only moves to the ulti-
mate syllable when the penultimate contains schwa (Alieva,
Arakin, Ogloblin, & Sirk, 1991; Teeuw, 1984). In other work,
the ultimate syllable has been claimed the default location for
word stress (Samsuri, 1971). An overview of mainly impres-
sionistic work on stress in Indonesian is provided in Odé
(1994, p. 41), followed by a perception experiment on phrasal
prominence. The remainder of this subsection, however, is
devoted to a discussion of experimental work on Indonesian
word stress.

Elaborate acoustic investigations on Indonesian were car-
ried out by Halim (1981) on spontaneous speech from 13
speakers. Analyses indicated that pitch peaks and syllable
duration are more important correlates of word stress than
intensity peaks. Overall, all acoustic correlates showed higher
values for the penultimate syllable than for the ultimate
syllable.

Pitch was also found to be the main word stress correlate by
Laksman (1994), occurring predominantly on the penultimate
syllable. Data consisted of read speech from one speaker from
Jakarta, assumed to be representative of standard Indonesian
with little to no regional influences. The acoustic analysis fur-
thermore showed that syllables containing schwa could be
stressed as much as other vowels, counter to earlier claims.

In a perception experiment, Goedemans and Van Zanten
(2007) examined two Indonesian languages: Toba Batak and
Javanese. One speaker per language read carrier phrases
including four syllable target words. For both languages, pitch
movements at the right phrase edge were observed and anal-
ysed as part of phrase level prosody rather than of word level
prosody. Word stress correlates (pitch, duration and intensity)
in the target words were manipulated such that stress occurred
once on each syllable in turn. Native listeners in a subsequent
perception experiment indicated the acceptability of the stimu-
lus words. The acceptability judgments indicated clear prefer-
ences for penultimate stress in Toba Batak, and no
preferences for Javanese.

These results are in line with an earlier study on the percep-
tion of manipulated pitch movement timings by Toba Batak and
Javanese speakers (Van Heuven & Van Zanten, 1997). It was
predicted that the accuracy of locating pitch movements within
word boundaries would be better for Toba Batak speakers,
because of word stress in this language. Locating pitch move-
ment across word boundaries was predicted to be similarly
accurate for both languages, as both show evidence for the
use of phrase accents. It was found that speakers of Toba
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Batak were more accurate in indicating the location of pitch
movements than speakers of Javanese, regardless of whether
pitch movements were within or across word boundaries. This
outcome was taken as evidence that the timing sensitivity of
Toba Batak speakers at the syllable level (within word), shaped
their sensitivity at the higher level. Javanese listeners were
presumably lacking this sensitivity at the lower level and there-
fore it would not emerge at higher levels at all (Van Heuven &
Van Zanten, 1997).

Another acoustic study compared Toba Batak with Betawi
Malay (Roosman, 2007). For each variety, four speakers read
carrier phrases which were analysed by several spectral and
temporal measures as well as by expert listeners. Target words
occurred in and out of focus as well as in phrase medial and
final position. Toba Batak was observed to have contrastive
word stress, with the penultimate syllable as default location.
Word stress in Toba Batak was signalled by a clear pitch move-
ment, regardless of focus condition. In Betawi Malay, no evi-
dence for word stress was found. This finding is in line with
another study on Betawi Malay that found highly variable pitch
movements on the penultimate syllable (Van Heuven,
Roosman, & Van Zanten, 2008). The pitch movements were
mainly found on the ultimate syllable in cases where the penul-
timate consisted of schwa or when it occurred in phrase final
position, indicating a privileged status of schwa and a crucial
role of phrase level factors determining the F0.

To sum up, the work on word stress in Indonesian reveal a
number of important points for the study of Papuan Malay.
First, the language diversity in Indonesia deserves crucial
attention, as there exist clear differences in prosody between
language varieties in Indonesia. Given the large area in which
Trade Malay varieties are spoken, these languages are also
expected to show individual differences. Second, it has not
always been clear to what extend word prosody and phrase
prosody were (possible to keep) separate in Indonesian vari-
eties (e.g. Van Heuven et al., 2008). In a survey of stress pat-
terns from many languages of the world, Goedemans and Van
Zanten (2014) point out that Malay varieties spoken in Indone-
sia might have lost stress through contact with other lan-
guages. Therefore, it was predicted that future investigations
are more likely to reveal the absence of stress, in particular
in Malayo-Polynesian languages. The observed prosodic char-
acteristics in these languages should then be interpreted as a
reflection of phrase level phenomena (Goedemans & Van
Zanten, 2014). Third, the studies on Indonesian discussed
above highlight the importance of complementing impression-
istic word stress claims with acoustic investigations. Thanks to
those investigations, a more detailed, reliable and comprehen-
sive understanding of word stress can be achieved.
1.3. Word stress correlates in a crosslinguistic context

Word stress’ most common acoustic correlates include
duration, pitch (F0), formant frequencies (F1 and F2), intensity
and spectral tilt (see Gordon & Roettger, 2017 for an overview
of 110 studies on 75 languages). Although duration appeared
to be the most consistent correlate of word stress across lan-
guages, not all acoustic correlates are equally reliable. For
example, some of the studies on Indonesian word stress found
pitch to be the most important correlate (Halim, 1981;
Laksman, 1994; Roosman, 2007). While these outcomes hold
for the Indonesian varieties that were studied, work on Ger-
manic languages generally found pitch as a correlate of phrase
level prosody (i.e. Bolinger, 1958; Sluijter & Van Heuven,
1996). Moreover, many studies on word stress have failed to
keep word and phrase level phenomena apart (Roettger &
Gordon, 2017). In particular, words read in isolation as well
as the lack of control for phrase accents in the experimental
design have confounded the two levels. It could therefore be
problematic to rely on pitch as a main correlate of word stress,
in particular if little is known about a language’s prosody at
other levels.

Formant frequencies, especially F1 and F2 (vowel quality),
were shown to correlate with word stress (e.g. Crosswhite,
2004). In stressed syllables, vowels tend to gravitate away
from the centre of the vowel space, as defined by the open-
close (F1) or front-back/rounded-unrounded (F2) dimensions.
However, the number of studies taking vowel quality into
account is small, and effects often did not hold for all vowels,
nor could they reliably be distinguished from phrase level pro-
sodic phenomena (Gordon & Roettger, 2017).

The overall intensity of a syllable has been shown to corre-
late with word stress. It has to be noted that the languages for
which intensity appeared to be a reliable correlate, are likely to
be tone languages. That is, the availability of pitch as a word
stress correlate in these languages is limited compared to lan-
guages that do not use tone (Gordon & Roettger, 2017). In
addition, overall intensity is the most reliable when the distance
between the mouth of the speaker and the microphone is kept
constant. That is, intensity levels fall when the sound source is
further away from the microphone. With relatively small dis-
tances (e.g. using a table top microphone), head movements
of the speaker could have significant effects on the intensity
measures. This could therefore make overall intensity a poten-
tially unreliable correlate. In addition, other acoustic measures
depend on intensity such that for recordings with low loudness
levels F0 and formants are harder to track and measured val-
ues could falsely indicate attenuation processes (i.e. phono-
logical reduction). Controlling for microphone distance could
demand experimental settings that decrease the naturalness
of the speech. While taking relative intensity measures (e.g.
Remijsen & Van Heuven, 2005) can largely overcome these
issues, it is not clear to what extent studies on word stress
have done this (e.g. Vogel, Athanasopoulou, & Nadia, 2016).

In a limited number of studies, frequency sensitive intensity
measures appear as stress correlates (i.e. spectral tilt, spectral
balance, spectral emphasis, spectral slope). The correlation
with word stress is defined by the intensity reduction towards
higher frequencies, which is smaller in stressed syllables (shal-
low downward tilt) than in unstressed syllables (steep down-
ward tilt). Although there are various ways in which this
correlate has been measured (Heldner, 2003), it has been
taken as a reliable indicator of whether word stress exists or
not, as shown for a variety of languages of the world
(Gordon & Roettger, 2017); among other languages, Dutch
(Sluijter & Van Heuven, 1996), Catalan (Ortega-Llebaria &
Prieto, 2010) and Ambonese Malay (Maskikit-Essed &
Gussenhoven, 2016). However, in some studies, frequency
sensitive intensity measures did not reliably correlate with
word stress, even though languages in these studies were
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shown to make use of word stress. For example, in American
English (Campbell & Beckman, 1997) and Swedish (Heldner,
2003) these measures rather correlated with focal accent.

To sum up, correlates of word stress can be found in all pos-
sible aspects of the acoustic signal (temporal, spectral and
amplitudinal). Their reliability differs depending on how the
measure is taken and on language specific issues. Concerning
the latter, none of the acoustic correlates discussed here cor-
responds exclusively to word stress. This makes any acoustic
definition of word stress highly dependent on how these corre-
lates are used on other levels of prosody in a given language.
In the most extreme analysis, word stress is completely inde-
pendent from phrase level intonation (e.g. Lindström &
Remijsen, 2005). In this case, there is hardly any overlap
between word level and phrase level acoustic correlates. In
other languages, accents at the phrase level can only occur
on stressed syllables and therefore some acoustic properties
of word stress and pitch accents overlap (e.g. Sluijter & Van
Heuven, 1996). As for Papuan Malay, little is known about
phrase level prosody. Therefore, the interpretation of the
results of the current study is to a large extent bound to existing
claims on word stress and to comparisons with other (related)
languages. These comparisons predict little as to which corre-
lates could be particularly indicative of word stress in Papuan
Malay. While mean F0 was argued to be the main correlate
of word stress in Indonesian (Halim, 1981; Laksman, 1994),
this finding appeared more nuanced in later work
(Goedemans & Van Zanten, 2007, 2014). As for Ambonese
Malay, no consistent acoustic correlates were found
(Maskikit-Essed & Gussenhoven, 2016). In the current study,
the focus is therefore on a broad set of acoustic measures to
investigate which of them are potential cues to word stress in
Papuan Malay.
1.4. Methodological considerations

In addition to the above mentioned issues concerning
acoustic measurements, there are some methodological pit-
falls frequently observed in studies on word stress. That is, lit-
tle or no attention has been given to the importance of the
formality of speech. On a continuum of formality, read aloud
laboratory speech and unscripted interactive talking would
constitute either extreme end. It was observed in Roettger
and Gordon (2017) that the majority of studies on word stress
make use of scripted laboratory speech. To determine the exis-
tence of stress it is preferred to investigate spontaneous and
interactive speech; for two reasons. First, languages of the
world tend to have an oral tradition in most cases. If a writing
tradition exists, it would have commonly developed from orality
(Ong, 1982). In other words, read-aloud speech would compro-
mise the extent to which a given speech sample represents
natural language. Although previous work made use of elicited
readings (e.g. Maskikit-Essed & Gussenhoven, 2016), it has to
be noted that most Trade Malay varieties in particular have a
limited writing tradition (Paauw, 2008). Therefore, there is con-
siderable discrepancy to expect between scripted and sponta-
neous speech in these languages. Second, the realisation of
stress differs significantly between read and spontaneous
speech samples (Howell & Kadi-Hanifi, 1991), although it is
possible that this finding was influenced by phrase level phe-
nomena as well. Throughout the literature on word stress in
general (Roettger & Gordon, 2017) and on Trade Malay pro-
sody in particular (Table 1), reading tasks have commonly
been used. Here it is argued that, in the investigation of word
stress crosslinguistically, unscripted spontaneous speech
leads to the most representative samples and is preferred over
read speech. Given the variable nature of unscripted sponta-
neous speech, more conservative decisions need to be made
to select a corpus of samples suitable for acoustic analysis
(see Section 2.3).

Furthermore, studies on Trade Malay have relied on a small
number of speakers (e.g. Maskikit-Essed & Gussenhoven,
2016; Steinhauer, 1983). The sample size appears to be a
common shortcoming in studies on word stress. That is, most
of the studies relied on speech data taken from 10 or fewer
speakers, with a considerable amount of work based on the
data of only one speaker (Roettger & Gordon, 2017). As a con-
sequence, the number of items in experimental paradigms was
limited, possibly resulting in a lack of statistical power that
could indicate effects (Roettger & Gordon, 2017). Moreover,
small sample sizes could cast doubt on the extent to which
the outcomes are representative of a speaker population of a
given language. Future work on word stress, including the cur-
rent study, should therefore take these methodological consid-
erations into account in order to sample more representative
amounts of speakers.
1.5. Research questions

Considering the discussion of the literature above, several
issues remain to be investigated. First, although many stress
claims have been made for Trade Malay varieties, little empir-
ical work has been carried out. As has been shown for Ambo-
nese Malay and Indonesian; impressionistic stress claims
need acoustic validation. Second, investigating the correlates
of word stress provides more insight into the prosody of
under-researched languages. And third, knowing and avoiding
pitfalls of previous work on word stress provides more valid
results in future work.

To investigate these issues, the current study focuses on
Papuan Malay. Word stress in Papuan Malay is claimed to
occur regularly on the penultimate syllable (Kluge, 2017). This
claim was tested by means of acoustic analysis in the current
study. Two specific questions were investigated for Papuan
Malay. First, to what extent is there acoustic evidence for word
stress? Second; if there is, which acoustic measures predict
word stress best? Spectral, temporal and amplitudinal mea-
sures were computed, both in raw form and in derived form.
The derived measures were taken to avoid acoustic effects
that were unrelated to the word stress hypothesis. Linear
mixed model analyses were carried out to investigate these
questions (Section 2.4). Crucially, the investigated speech data
consists of spontaneous narratives.
2. Methodology

This section describes the data collection task and the
acoustic analysis carried out on Papuan Malay speech data.
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2.1. Data collection procedure

Speech was collected in a storytelling task. In this task
speakers were instructed to watch a short video clip and tell
what they had seen to an interlocutor who had not seen the
video. The video clip showed a small story about a man picking
pears. The actors in the video clip did not use any speech. The
video clip has been previously used in cross-linguistic studies
on narrative production (Pear Film; Chafe, 1980). Recordings
were made at the Center for Endangered Languages Docu-
mentation (CELD) in Manokwari, West Papua (Riesberg &
Himmelmann, 2012, 2014). Participants received instructions
about the experimental procedure before the start of the task.
Prior to the retelling, participants watched the video clip on a
laptop computer, which lasted six minutes. Thereafter, partici-
pants were introduced to their interlocutor and retold the story
they had seen. The participants and interlocutor were seated
next to each other during the retelling. The interlocutor was
allowed to ask clarification questions during the participant’s
retelling. This happened up to three times per participant.

No soundproof or silent rooms were available at the record-
ing location. Therefore, recordings were made outside, behind
a building where background noise was as minimal as possi-
ble. The recordings were made using a Sony ECM-MS957 uni-
directional stereo microphone connected to a Sony HDR-SR11
portable video camera. The microphone was placed in front of
the participant and interlocutor and recorded the speech of
both. The experimenter supervised the entire recording proce-
dure. The duration of the collected recordings ranged between
two and five minutes.
2.2. Participants

All participants were students at the University of Papua.
There were 10 male and 9 female participants (Mage = 22,
age range = 20–28). All were native speakers of Papuan Malay
without speech problems, as assessed by a language back-
ground questionnaire. All participants were also speakers of
Indonesian, the country’s standard language. Seven partici-
pants had basic knowledge of another language (2 Javanese,
2 Biak, 1 Mpur, 1 Abun and 1 English).
Table 2a
Vowel counts in words with presumed penultimate and ultimate stress in syllables labelled
as stressed and unstressed in collected data. For readability purposes the position of the
syllable in the word is indicated (pre-final/final).

Vowel Penultimate stress Ultimate stress Total

Stressed Unstressed Stressed Unstressed
(pre-final) (final) (final) (pre-final)

/i/ 361 371 59 – 791
/e/ 74 141 – 103 318
/a/ 1003 728 33 – 1764
/ɔ/ 52 15 – – 67
/u/ 170 324 3 – 497

Total 1660 1579 95 103 3437
2.3. Data processing and selection

Audio-tracks were extracted from the recordings on the por-
table video camera and converted to 48 kHz, 16 bit, mono
wave-files. Native speakers of Papuan Malay transcribed the
participant’s speech and segmented it into intonation units
(Chafe, 1994). Thereafter, a group of six labellers annotated
all words and syllables produced by the participants for each
wave file using Praat textgrids (Boersma & Weenink, 2017).
All labellers received phonetic training to set label boundaries
by auditory and visual inspection of the wave-form and they
were familiar with the syllable structure of Papuan Malay.

A subset of the labelled syllables was selected on the basis
of the following criteria. Syllables in utterances that were inter-
rupted or cut off, were omitted. Reduplicated words (e.g. tiba-
tiba) were omitted, whereas the syllables of single occurrences
(e.g. tiba) were taken into account. This was done because
reduplication could affect acoustic properties of the word being
reduplicated and make that word less comparable to single
occurrences. The syllables of words produced with hesitation
or that were unidentifiable due to laughter, severe speech
reduction (i.e. mumbling) or background noise were also omit-
ted. Words containing double vowel sequences were also
omitted, because they allow for two ways of syllabification
(either as VV or V.V, see Kluge, 2017). These sequences
appeared to lead to inconsistent annotations in the current
study.

Furthermore, syllables occurring in final or pre-final phrase
position were omitted. This was done to avoid possible interfer-
ence with phrase level intonation. That is, syllables in these
positions are commonly assumed to be locations for possible
phrase accents in Trade Malay and Indonesian varieties (e.g.
Goedemans & Van Zanten, 2014). In addition, this selection
avoided effects of phrase-final lengthening, which mainly con-
cerns the final syllable and possibly the pre-final syllable
(Cambier-Langeveld, 2000; Shattuck-Hufnagel & Turk, 1998).
The syllables were taken from phrases with varying lengths
(3–25 syllables).

The Papuan Malay lexicon has a considerable number of
loanwords, mainly originating from Indonesian. It is known from
previous work that Indonesian varieties differ with respect to
their use of word stress (Section 1.2). In order to exclude pos-
sible influences of loanwords on the realization of word stress,
only syllables of words that were classified as native roots
(Kluge, 2017) were selected. Given the common occurrence
of affixation in Malay varieties, the selected forms were unaf-
fixed (roots). Furthermore, single syllable words were omitted
as their acoustic characteristics cannot be compared to other
syllables in the word. This comparison is required to investi-
gate possible stress differences between syllables within the
same word. In addition, the most common word length in
Papuan Malay is two syllables (Kluge, 2017), as confirmed
by the collected data in the current study. In order to have a
consistent dataset, words with a length other than two syllables
were omitted.

After applying the selection criteria just described, a total of
3437 syllables were left for acoustic analysis (20% of the data).
They were all labelled as ‘stressed’ or ‘unstressed’ by taking
over the stress indications in wordlists in Kluge (2017). This
resulted in 1682 syllables labelled stressed and 1755 syllables
labelled as unstressed, occurring in 187 unique words. An
overview of how the vowel nuclei are distributed among sylla-
bles labelled for stress, is given in Table 2a. An overview of the
syllable structures and stress positions is given in Table 2b.
The most common stress position was the penultimate sylla-



Table 2b
Counts of syllables labelled as stressed and unstressed in different syllable structures. In italic: absolute standardized residuals for each of the two chi-square tests described in Section 2.3.
For readability purposes the position of the syllable in the word is indicated (pre-final/final).

Structure Penultimate stress Ultimate stress Total

Stressed v2 Unstressed Stressed v2 Unstressed
(pre-final) |st.res| (final) (final) |st.res| (pre-final)

V 313 12.57 72 – – – 385
CV 1110 0.68 1038 13 9.10 79 2240
VC 63 2.27 38 – – 1 102
CVC 168 10.94 389 82 9.10 21 660
CCV 5 4.62 32 – – – 37
CCVC 1 2.80 10 – – – 11

Total 1660 1579 95 103 3437
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ble, and when the ultimate syllable was stressed, the
unstressed (penultimate) syllable always contained /e/. In a
number of cases, however, /e/ can occur in stressed penulti-
mate position. This reflects the distributions reported in Kluge
(2017) and, crucially, does not mean that /e/ is the only factor
explaining the mobility of word stress.

In order to investigate to what extent there is a relationship
between stress and syllable structure, chi-square tests (R Core
Team, 2017) were performed on the counts in Table 2b for
each of the stress positions separately (penultimate and ulti-
mate). The tests revealed significant differences between the
observed values and values that would be expected on the
basis of a chance-level distribution, both for penultimate stress
[v2(5, N = 3239) = 272.36, p < 0.001] and ultimate stress [v2(1,
N = 198) = 80.16, p < 0.001]. The differences between
observed and expected are given in Table 2b as absolute stan-
dardized residuals. This allows to assess the difference
between observed and expected values across syllable struc-
tures, and accounts for the differences in row and column
totals (Agresti, 2007). For penultimate stress, the largest differ-
ences between observed and expected values were found for
Vand CVC syllables. For ultimate stress, the only available syl-
lable structures for the chi-square test (CV and CVC) both
show high residual values. Note that for CVC syllables, these
results mainly indicate that this syllable structure is most fre-
quent in word-final position. When stress position and syllable
position are compared for CVC syllables, the distribution is not
significantly different from chance level [v2(1, N = 660) = 3.05,
p = 0.08]. This sheds a different light on the potential relation
between word stress and syllable structure. It appears from
Table 2b that the most common word structure is CV.CVC.
Given that penultimate stress is the most common stress pat-
tern, it is challenging to disentangle word stress and syllable
structure. However, a more general observation can be made,
in that syllables with higher vocalic portions (V, CV, VC) are
more often stressed than syllables with low vocalic portions
(CVC, CCV, CCVC); [v2(1, N = 3437) = 79.17, p < 0.001], even
when CV and CVC syllables are left out [v2(1, N = 535)
= 86.45, p < 0.001]. Thus, the distributions of word stress
among syllable structures indicate some sensitivity for syllable
structure. It remains unclear, however, to what extent this sen-
sitivity indicates a phonological distinction between “heavy”
and “light” syllables. To date, however, there is no known
source on Papuan Malay that explicitly distinguishes light
and heavy syllables for word stress. The only context in which
heavy syllables are mentioned in Papuan Malay is (partial)
reduplication (Kluge, 2017, chap. 4). Furthermore, ultimate
stress in the selected dataset only occurred on syllables con-
taining /i/, /a/ or /u/. While this could be a reflection of their fre-
quency of occurrence, it is unclear whether there is an
additional phonological reason for this distribution. For exam-
ple, Papuan Malay word stress could be attracted to the most
extreme vowels in the acoustic space.

2.4. Acoustic measures

All acoustic measures were taken using Praat (Boersma &
Weenink, 2017). The measurements were taken automatically
using scripts. Measures were categorised according to which
aspect of the acoustic signal they describe; spectral, temporal
and amplitudinal measures. Both raw acoustic measures and
derived acoustic measures were taken. The raw (unconverted)
measures were not expected to reliably correlate with word
stress crosslinguistically (Gordon & Roettger, 2017). None of
the raw measures were therefore included in the statistical
analyses (Section 2.5). For reference purposes and because
until now it is unclear how word stress could potentially be rea-
lised in Papuan Malay, the descriptive values of the raw mea-
sures were nevertheless reported (Table 6). The derived
measures were either a correction, conversion or alternative
calculation of the raw measures, in order to improve their accu-
racy and to minimize the possible effects of acoustic processes
that were not part of word stress (e.g. phrase prosody). That is,
relative measures of F0 and intensity were calculated on the
basis of the difference between syllables labelled as stressed
and syllables labelled as unstressed within each word, as
described in more detail in the subsequent sections. The
acoustic measures were taken from different (sub)intervals rel-
ative to the annotated syllables (Fig. 1); either the entire sylla-
ble (syllable), a voiced subinterval (svoiced) or a voiced
subinterval around the intensity peak (intpeaks). The different
subintervals were used to ensure accurate spectral measures
(Table 3). The syllable level intervals (syllable) were obtained
from the manual annotation procedure (Section 2.3). The two
subintervals were extracted in an automatized way in two sub-
sequent rounds. In the first round, syllable subintervals for
which Praat (Boersma & Weenink, 2017) was able to detect
periodicity were taken (svoiced). Syllables for which F0 track-
ing errors occurred were omitted. In a second round, portions
were taken from the voiced subintervals where formants
showed stable values. Stable formant values guarantee accu-
rate frequency measurements and were mostly found close to
where intensity levels reached their peak. Therefore, bound-
aries of these stable portions were calculated relative to the



Fig. 1. Example phrase “satu saja” (‘only one’) with different annotation levels (bottom), intensity curve (mid) and spectrogram (top) from which different acoustic measures were taken.

Table 3
Overview of all acoustic measures, units and intervals from which the measures were
taken.

Measure Unit Interval

Spectral Raw F0 ST svoiced
Rel. F0 ST svoiced
F0 minima/maxima ST/ms svoiced
F1 Bark intpeaks
F2 Bark intpeaks

Temporal Raw duration ms syllable
Duration per phoneme ms syllable
Duration deviation ms syllable

Amplitudinal Raw intensity dB syllable
Rel. intensity dB syllable
H1-A2 dB intpeaks
H1*-A2* dB intpeaks
H1-A3 dB intpeaks
H1*-A3* dB intpeaks
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intensity peak (intpeaks). This was done by taking the time
stamps at which the intensity dropped 4% relative to the peak
intensity on either side. The 4% margin was chosen after man-
ual inspection of the spectrogram in order to find an optimum
between stability of formant detection and interval length. That
is, smaller margins resulted in intervals that were too short for
(reliable) formant measures, whereas larger margins more
often resulted in intervals where formants were harder to distin-
guish from each other due to higher amounts of variability in
the detected frequency values. When the 4% drop on either
side of the intensity was not found within the boundaries of
the syllable, the syllable boundary was set as the boundary
for the subinterval with stable formant values. This occurred
in a minority of the cases, and if so, the syllable mostly started
or ended with a vowel. All measures taken from this subinterval
(intpeaks) accounted for gender differences in the frequency
range of speech. Maximum formant frequencies were set to
5000 Hz for male speakers and to 5500 Hz for female
speakers.
2.4.1. Spectral measures

The following spectral measures were distinguished; the F0
measures raw F0, relative F0 and F0 minima/maxima, and the
formant measures F1 and F2. F0, F1 and F2 measures were
expressed on logarithmic scales (F0 in semitones, F1 and F2
in Bark) to account for how pitch is perceived and, in the case
of F0 movements, to abstract over gender differences
(Traunmüller & Eriksson, 1994). F0 minima and F0 maxima
were measured for both their level in ST and their timestamp
in ms. From the minima/maxima values the measures F0
movement, rise/fall ratio and movement onsets/offsets were
derived. Raw F0 was measured as the mean F0 value per
syllable.

Relative F0 was computed to abstract over absolute F0
levels and the declination effect (Breckenridge, 1977). This
was done to obtain a more accurate measure that took into
account both syllables labelled as stressed and syllables
labelled as unstressed. Thus, relative F0 was computed by
subtracting the mean F0 of the syllable labelled as unstressed
from the mean F0 of the syllable labelled as stressed in the
same word. Positive relative F0 values therefore indicated that
the syllable labelled as stressed had a higher F0 than the syl-
lable labelled as unstressed.
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F0 movement was measured by subtracting the minimum
F0 from the maximum F0 in the voiced subinterval in the sylla-
ble (svoiced). Measures of F0 change have been shown to be
more reliable indicators of word stress than static F0 measures
in Estonian, Italian and Thai (Gordon & Roettger, 2017).

Labels for direction of movement (rise or fall) were derived
from the F0minima andmaxima timestamps. That is, whenever
the F0minimum occurred before the F0maximum, the direction
was labelled “rise” and whenever the F0 minimum occurred
after the F0maximum, the direction was labelled “fall”. Note that
this labelling does not take the size of the movement into
account. Thus, labels were given even when minimum and
maximum would be perceptually indistinguishable. Although
perceptual assessment of the stress correlates is beyond the
scope of the current study, the movement labels together with
the measure F0 movement could provide insight into the rele-
vance of the size and direction of the F0 movement for the
acoustic realisation of stress. Furthermore, the number of rises
and falls were used to calculate a rise/fall ratio, making the com-
parison across conditions easier to interpret with varying num-
bers of observations. Rise/fall ratio was calculated by dividing
the number of rises by the number of falls. In general, the direc-
tion labels provide additional information to the shape of the F0
movements, which could provide further insight into the relation-
ship between word level and phrase level prosody. That is,
some languages have been shown to align phrase level F0
accents with stressed syllables (e.g. Sluijter & Van Heuven,
1996). In addition, F0 has been reported as the main cue for
word stress in Indonesian (Halim, 1981; Laksman, 1994).

The onset and offset of the F0 movements were measured
in milliseconds (ms) relative to the midpoint of the syllable.
Note that segment-level annotations were not available, which
could have allowed for syllable internal alignment points. The
midpoint was defined as the point from which either syllable
boundary was equally far away, and chosen to minimize the
effect of syllable structure. For example, taking the left syllable
boundary as alignment point is not comparable between CV
and V syllables, whereas the midpoint represents (part of)
the syllable nucleus in either syllable structure. The onset
and offset measures of the F0 movements were taken sepa-
rately for rises and falls, such that onsets coincided with the
F0 minimum in rises and with the F0 maximum in falls, and off-
sets coincided with the F0 maximum in rises and with the F0
minimum in falls. Onsets generally occurred before the mid-
point of the syllable, yielding negative values, whereas offset
generally occurred after the midpoint of the syllable, yielding
positive values.

F1 and F2 were measured in the voiced portions of syllables
where formants showed stable values (intpeaks). Thereafter,
the Euclidean distance between the formant measures of each
vowel and the centre of the vowel space was calculated
(Harrington, 2010). This was done to obtain one measure of
formant displacement relative to the centre of the vowel space.
The centre was defined as the overall mean F1 and the overall
mean F2. In this way, the centre measure took into account the
natural distribution of vowels and stresses and could therefore
deviate from the visual centre of the acoustic space when
expressed in a triangular shape (e.g. front vowels in the
Papuan Malay inventory occurred more often in the data than
back vowels).
2.4.2. Temporal measures

Three temporal measures (expressed in milliseconds) were
taken: raw duration, duration per phoneme, and duration devi-
ation. Raw duration was measured by taking the absolute
length of the entire syllable. It is known that word stress in
some languages is attracted by phonologically heavy syllables.
The weight of the syllable commonly depends on its segmental
structure, which is not accurately captured by absolute syllable
duration. Although Kluge (2017, chap. 4) makes reference to
heavy syllables in relation to reduplication processes, it is
unclear to what extent there is a morpho-phonological prefer-
ence for word stress placement in Papuan Malay. In order to
account for this possibility, the two other temporal measures
took into account the segmental makeup of the syllable. Dura-
tion per phoneme was computed by taking the raw syllable
duration and dividing it by the number of phonemes in the syl-
lable. It has to be noted that the relationship between number
of phonemes and syllable duration is not linear. That is, final
lengthening generally affects codas more than onsets (e.g.
Campbell & Isard, 1991). Number of segments has neverthe-
less been a reliable and commonly used correlate in the mod-
elling of syllable duration (Campbell & Isard, 1991; Fletcher &
McVeigh, 1993). Furthermore, in some languages, consonant
durations correlated better with word stress than vowel dura-
tion (Gordon & Roettger, 2017). In order to account for the
actual vocalic and consonantal makeup of the syllable, dura-
tion deviation was computed separately for each of the syllable
structures in the data (CV, CVC, V, VC, CCV, CCVC). This was
done by subtracting the mean duration of all syllables with a
particular structure from the absolute duration of the syllable
with that structure. The outcome represented the deviation in
milliseconds of a particular syllable relative to the mean dura-
tion. Positive duration deviation was reflective of long syllables,
whereas negative duration deviation was reflective of short syl-
lables. Thus, both duration per phoneme and duration devia-
tion take into account the segmental makeup of the syllable
and were expected to be more accurate correlates of word
stress compared to raw duration.
2.4.3. Amplitudinal measures

Six amplitudinal measures (expressed in decibels; dB) were
taken; raw intensity, relative intensity and two measures of
spectral tilt, each in uncorrected and corrected form. Spectral
tilt was grouped under the amplitudinal measures as it con-
tributes to the perceived loudness of speech and is expressed
in dB in the current study. Raw intensity was measured by tak-
ing the mean intensity from the entire syllable. It has to be
noted that raw intensity is not expected to be a reliable corre-
late of stress as the recording procedure did not control for the
distance between the mouth of the speaker and the micro-
phone (see Section 1.3). For this reason, relative intensity
was calculated in the same way as was done for relative F0.
That is, the intensity of the syllable labelled as unstressed
was subtracted from the intensity of the syllable labelled as
stressed. Positive relative intensity values therefore indicate
that the syllable labelled as stressed had a higher intensity
than the syllable labelled as unstressed. In this way, possible
head movements, changes in speaking style (i.e. excited lou-
der speech) or phrase level effects are better controlled for.
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As for spectral tilt, the method of Sluijter, Shattuck-
Hufnagel, Stevens, and Van Heuven (1995) and Stevens and
Hanson (1994) was adopted for half of these measures. That
is, intensities of the second formant (A2) or the third formant
(A3) were subtracted from the intensity of the F0 (first har-
monic; H1). H1 and A2 were corrected for the effect of F1,
and A3 was corrected for the effect of both F1 and F2. The
overall mean F1 and overall mean F2 were used as reference
values for the corrections, following the formulas in Hanson
(1995, pp. 113–115). Spectral magnitude correction (Iseli,
Shue, & Alwan, 2007) has been applied in previous work to
account for the increased intensity around formant frequen-
cies, in particular F1 and F2 (Sluijter et al., 1995; Stevens &
Hanson, 1994). Note that other work did not apply this correc-
tion and argued that the corrected measure is not able to reli-
ably separate word stress effects on vowel quality from those
on spectral tilt, as the two are highly correlated (see Ortega-
Llebaria & Prieto, 2010 for Spanish). Furthermore, spectral
magnitude correction has been argued to result in less accu-
rate formant intensity measures (Caballero & Carroll, 2015).
In the current study, therefore, both the uncorrected (H1-A2
and H1-A3) and corrected (H1*-A2* and H1*-A3*) were taken
as approximations to the intensity slope (tilt) of the spectrum.
H1, A2 and A3 intensities where extracted using a Praat script
based on Mayer (2014) from the voiced portions of syllables
were formants showed stable values (intpeaks). Additional
measures of spectral tilt in Papuan Malay are discussed in
Kaland (2018).
Table 4
Moderate to (very) strong correlations (>0.40; Evans, 1996) between predictors in the full
GLM model as measured by Pearson r (N = 3395, p < 0.001). Other predictors did not
correlate or correlated only weakly.

Correlating predictors r

dur. per phoneme * dur. deviation 0.86
H1-A2 * H1*-A2* 0.84
H1-A2 * H1-A3 0.58
H1-A2 * H1*-A3* 0.41
H1*-A2* * H1-A3 0.48
H1*-A2* * H1*-A3* 0.59
H1-A3 * H1*-A3* 0.70
2.5. Statistical analysis

Statistical analyses were carried out using R (R Core Team,
2017). Depending on the computation of the acoustic mea-
sure, different types of analyses were carried out. The used
R packages are mentioned for each analysis.

As for relative F0 and relative intensity, linear mixed
model analyses (LMMs) fit by maximum likelihood (using
Satterthwaite approximations to degrees of freedom to cal-
culate p-values) were carried out using the “lme4” package
(Bates, Maechler, Bolker, & Walker, 2015). A separate anal-
ysis was done for each acoustic measure as response, with
stress position (two levels: penultimate, ultimate) as predic-
tor and with subjects (speakers) and items (words) as ran-
dom intercepts. In these models effects of stress were
indicated by the intercept (i.e. difference from 0) and
obtained by alternating the reference level of stress
position.

With regard to F0 movement, movement onset/offset, for-
mant displacement, duration per phoneme, duration devia-
tion, H1-A2, H1*-A2*, H1-A3 and H1*-A3*, LMMs fit by
maximum likelihood (using Satterthwaite approximations to
degrees of freedom to calculate p-values) were carried out
using the “lme4” package (Bates et al., 2015). A separate
analysis was done for each acoustic measure as response,
with stress (two levels: stressed, unstressed) and stress posi-
tion (two levels: penultimate, ultimate) as predictors and with
subjects (speakers) and items (words) as random intercepts.
As for movement onset/offset, also direction (two levels: rise,
fall) was added as predictor to analyse timing differences
between rises and falls. As for movement onset/offset and
duration per phoneme, syllable structure (six levels: V, CV,
VC, CVC, CCV, CCVC) as additional random intercept was
added to account for timing differences due to the respective
syllable structures.

Rise/fall ratio was response in a generalized linear mixed
effect model analysis using the “lme4” package (Bates et al.,
2015). Stress (two levels: stressed, unstressed) and stress
position (two levels: penultimate, ultimate) were predictors
and subjects (speakers) and items (words) were included as
random intercepts.

Concerning formant displacement, additional post-hoc pair-
wise comparisons using Tukey HSD test (Bonferroni cor-
rected) were performed on the interactions between the fixed
factors stress (two levels: stressed, unstressed) and vowel
(five levels: /i/, /e/, /a/, /ɔ/ and /u/) with subjects (speakers)
and items (words) as random factors. This was done to test
for displacement effects due to stress for each vowel sepa-
rately (see Section 1.3) using the “multcomp” package
(Hothorn, Bretz, & Westfall, 2008).

To investigate the extent to which each of the acoustic
measures could predict word stress, generalised linear mixed
model (GLMM) analyses were carried out with model fit com-
parisons (“lme 4” package; Bates et al., 2015). A full model
was created with stress (two levels: stressed, unstressed) as
response, and with F0 movement, rise/fall ratio, movement
onset, movement offset, formant displacement, duration per
phoneme, duration deviation, H1-A2, H1*-A2*, H1-A3 and
H1*-A3* as predictors, and with subjects (speakers) and items
(words) as random intercepts. Note that the acoustic mea-
sures relative F0 and relative intensity were not included in
the model as these measures expressed word stress relative
to neighbouring syllable(s) and had therefore no predictive
value for the dichotomous dependent variable word stress
(see Section 2.4). In the full model, some of the variables were
highly correlated, in particular the temporal measures and the
measures of spectral tilt (Table 4). Therefore, the contribution
of the independent variables was assessed in a stepwise
manner using LRTs between a null model (with only the ran-
dom variables subjects and items) and a model in which
one independent variable was added to the null model. As
an estimate of how well a model fitted the data, Akaike's An
Information Criterion (AIC; Akaike, 1973) was computed for
each model in the comparisons. Although the absolute AIC
values have no predictive value, AIC values of the models rel-
ative to each other can be used to obtain a ranking, with the
lower AIC values indicating better model fit (Burnham &
Anderson, 2002).
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3. Results

This section reports the (G)LMM and LRT effects (Table 5)
and means (Table 6), mean formant values and their pairwise
comparisons (Table 7), and the results of the model fit compar-
isons (Table 8).
3.1. Spectral measures

Relative F0 deviated from zero for both penultimate and ulti-
mate stress (Fig. 2). In the case of penultimate stress, the devi-
ation was negative, indicating overall lower F0 for syllables
labelled as stressed than for syllables labelled as unstressed.
In the case of ultimate stress, the deviation was positive, indi-
cating overall higher F0 for syllables labelled as stressed than
for syllables labelled as unstressed. The deviation from zero
was only significant in the case of ultimate stress. For penulti-
mate stress, a marginally significant difference from zero was
found. As for position, a significant effect indicated that relative
F0 was larger for ultimate stress than for penultimate stress.

F0 movements showed larger values for syllables labelled
as stressed than for syllables labelled as unstressed (Fig. 3).
This difference was, however, not significant. A marginally sig-
nificant effect was found for stress position, in that F0 move-
ments were larger in the case of penultimate stress when
compared to ultimate stress. A marginally significant interac-
Table 5
Overview of effects for all acoustic measures. Interactions not reported were not significant.

Measure Factor

Spectral (ST/Bark) Relative F0 penultimate
ultimate
position

F0 movement stress
position
stress*position

Rise/fall ratio stress
position

Movement Onset stress
position
direction
stress*direction

Offset stress
position
direction
stress*position
stress*direction
stress*position*direction

Formant displacement stress
position
stress*position

Temporal (ms) Duration per phoneme stress
position
stress*position

Duration deviation stress
position
stress*position

Amplitudinal (dB) Relative intensity penultimate
ultimate
position

H1-A2 stress
position

H1*-A2* stress
position

H1-A3 stress
position

H1*-A3* stress
position
tion effect showed that stress differences were larger in ulti-
mate position than in penultimate location.

Overall, rise/fall ratios indicated more falls than rises
(Table 6). The ratios differed significantly as a function of
stress, in that higher ratios (increase in rises/decrease in falls)
were found for syllables labelled as stressed than for syllables
labelled as unstressed (Table 5). No (interaction) effect involv-
ing position was found.

As for the timing of the F0 movements (Fig. 4), onsets
occurred significantly later (i.e. closer to the syllable midpoint)
in syllables labelled as stressed than in syllables labelled as
unstressed. The significant effect of position indicated that
F0 movement onsets occurred later for ultimate stress than
for penultimate stress. The effect of direction indicated that
onsets occurred earlier for rises than for falls. The interaction
between stress and direction indicated that the effect of stress
was larger for rises than for falls.

Offsets occurred significantly later in syllables labelled as
unstressed than in syllables labelled as stressed. The effect
of direction indicated that offsets occurred earlier for rises than
for falls. The interaction between stress and position indicated
that the effect of stress was larger for ultimate stress than for
penultimate stress. The interaction between stress and direc-
tion indicated that the effect of stress was larger for rises than
for falls. The three-way interaction indicated that offsets were
significantly affected by stress, position and direction such that
b SE df t/z p

�0.26 0.15 105 �1.72 = 0.09
1.64 0.56 175 2.95 <0.01
1.89 0.58 169 3.29 <0.01
0.05 0.08 3307 0.06 n.s.
�0.50 0.27 215 �1.87 = 0.06
0.62 0.32 3299 1.94 = 0.05
0.27 0.07 1 3.66 <0.001
�0.03 0.28 1 �0.12 n.s.
8.17 1.52 3301 5.39 <0.001
16.69 5.18 462 3.22 <0.01
�9.05 1.66 3376 �5.45 <0.001
5.18 2.30 3380 2.25 <0.05
3.12 1.47 3229 2.12 <0.05
�5.44 4.82 344 �1.13 n.s
�19.14 1.61 3383 �11.89 <0.001
19.05 6.10 3375 3.12 <0.01
24.81 2.23 3386 11.12 <0.001
�26.80 9.34 3377 �2.87 <0.01
0.22 0.02 3256 9.15 <0.001
0.00 0.12 242 0.03 n.s.
�0.29 0.10 3258 �2.87 <0.01

2.14 0.91 3414 2.36 <0.001
�5.10 3.42 363 �1.49 n.s.
9.51 3.71 3414 2.56 <0.05
5.22 1.60 3307 3.26 <0.01
�10.02 6.41 301 �1.57 n.s.
25.50 6.68 3303 3.82 <0.001

0.43 0.26 119 1.65 n.s.
2.94 0.84 218 3.50 <0.001
2.51 0.87 210 2.88 <0.01
�2.17 0.33 3268 �6.51 <0.001
�0.67 1.69 263 �0.40 n.s.
�0.84 0.31 3280 �2.70 <0.01
�0.84 1.35 276 �0.62 n.s.
�0.77 0.30 3276 �2.58 <0.01
�1.57 1.45 276 �1.08 n.s.
�0.25 0.32 3307 �0.78 n.s.
0.03 1.30 322 0.02 n.s.



Table 6
Means and SDs for all acoustic measures according to stress and stress position.

Penultimate Ultimate

Measure Stressed Unstressed Stressed Unstressed

Spectral (ST/ms/Bark) Raw F0 23.49 (5.17) 23.74 (5.49) 24.82 (5.70) 22.68 (5.62)
Rel. F0 �0.38 (3.60) 2.11 (3.35)
F0 movement 1.98 (2.22) 1.92 (2.21) 2.12 (3.11) 1.37 (1.61)
Rise/fall ratio 0.80 0.64 1.07 0.47
Rise Onset �24.92 (31.30) �39.96 (32.74) �28.62 (35.35) �21.62 (30.76)

Offset 42.24 (29.79) 16.96 (33.55) 43.63 (35.59) 18.40 (30.09)
Fall Onset �22.10 (29.29) �31.54 (37.48) �17.03 (40.86) �10.03 (30.43)

Offset 36.40 (29.32) 35.76 (32.35) 58.32 (34.35) 31.19 (30.76)
Formant displacement 1.65 (0.82) 1.43 (0.71) 1.47 (0.68) 1.53 (0.68)

Temporal (ms) Raw duration 122.12 (50.08) 126.30 (53.56) 163.86 (47.97) 109.06 (45.07)
Duration per phoneme 66.80 (29.54) 58.65 (27.71) 57.61 (17.22) 49.70 (16.41)
Duration deviation 2.82 (46.30) �2.52 (51.22) 12.42 (46.15) �18.20 (38.62)

Amplitudinal (dB) Raw intensity 63.91 (5.07) 63.53 (5.01) 63.52 (4.18) 60.55 (4.24)
Rel. intensity 0.23 (4.41) 3.12 (3.23)
H1-A2 7.23 (11.52) 9.38 (10.27) 9.27 (12.21) 11.72 (9.29)
H1*-A2* 6.02 (10.36) 6.90 (9.68) 5.89 (10.34) 7.26 (10.00)
H1-A3 12.89 (10.37) 13.66 (9.62) 12.58 (10.52) 13.09 (8.93)
H1*-A3* 10.98 (11.38) 11.32 (10.59) 10.65 (10.11) 12.34 (9.96)

Table 7
Mean F1 and F2 (Bark) and SDs per vowel for syllables labelled as stressed and unstressed, and effects of stress (Tukey HSD) on formant displacement from/towards the vowel space
centre.

F1 F2 Displacement

Vowel Stressed Unstressed Stressed Unstressed Re. centre p

/i/ 4.86 (1.06) 5.13 (1.09) 13.34 (1.08) 13.17 (1.04) from n.s.
/e/ 5.38 (0.84) 5.45 (0.93) 12.47 (0.97) 12.87 (1.09) towards =0.06
/a/ 6.42 (1.02) 5.94 (0.90) 11.8 (1.01) 11.94 (1.10) from <0.001
/ɔ/ 5.83 (0.81) 5.89 (1.24) 10.33 (0.91) 10.57 (1.36) from n.s.
/u/ 5.16 (1.18) 5.32 (0.92) 11.31 (1.60) 11.59 (0.89) from <0.001
Centre 5.72 (1.15) 12.20 (1.28)

Table 8
Results of the GLMM analysis on the full model (b, SE, z) and LRT model fit comparisons with null model (AIC, v2, p). Ranks of null model comparisons are indicated in superscript. Null
model AIC given in heading.

GLMM (full) Added to null model

Acoustic measure b SE z AIC (4711.22) v2 p

F0 movement 0.04 0.02 2.44 4711.3110 1.92 n.s.
Rise/fall ratio 0.34 0.08 4.44 4699.417 13.82 <0.001
Movement onset 1.50 1.38 7.59 4633.082 80.15 <0.001
Movement offset 7.53 1.38 5.45 4609.001 104.22 <0.001
Formant displacement 0.35 0.05 7.01 4649.254 63.97 <0.001
Duration per phoneme 27.34 3.56 7.68 4642.753 70.47 <0.001
Duration deviation �0.01 0.00 �5.65 4697.346 15.89 <0.001
H1-A2 �0.06 0.01 �6.51 4680.665 32.57 <0.001
H1*-A2* 0.05 0.01 4.90 4706.258 6.97 <0.01
H1-A3 0.03 0.01 3.68 4709.299 3.94 <0.05
H1*-A3* �0.02 0.01 �3.48 4712.0311 1.19 n.s.
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the latest offsets were found for falls in syllables labelled as
stressed when stress was penultimate and the earliest offsets
were found for rises in syllables labelled as unstressed when
stress was ultimate (see also Table 6). Stress differences were
largely absent for fall offsets when stress was penultimate.

Formant displacement relative to the centre of the vowel
space was overall significantly larger for syllables labelled as
stressed than for syllables labelled as unstressed (Table 5).
No significant difference in formant displacement was found
between the respective stress positions. The interaction
between stress and position was significant in that the formant
displacement effect due to stress was mainly present in the
case of penultimate stress. The post-hoc pairwise compar-
isons (Table 7) revealed significant displacement from the cen-
tre of the vowel space for /a/ and /u/, marginally significant
displacement for /e/ and no significant displacement for /i/
and /ɔ/. Crucially, the displacement of /e/ was towards the cen-
tre of the vowel space, while other vowels were displaced
away from the centre (Fig. 5).

3.2. Temporal measures

Duration per phoneme showed larger values for syllables
labelled as stressed than for syllables labelled as unstressed
(Fig. 6); a difference that appeared to be significant. The effect
of position was only found significant in interaction with stress,



Fig. 2. Boxplot of relative F0 (ST) as a function of stress position.

Fig. 3. Boxplot of F0 movement (ST) as a function of stress (grey = stressed,
white = unstressed) and stress position.
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indicating that the effect of stress (around 8 ms increase in
either stress position) occurred on overall longer phoneme
durations for penultimate stress than for ultimate stress.

Overall positive values of duration deviation (Fig. 7) were
found for syllables labelled as stressed and negative values
were found for syllables labelled as unstressed. This effect
was significant. The effect of position was only significant in
interaction with stress, indicating that duration deviation was
generally larger for ultimate stress than for penultimate stress.
3.3. Amplitudinal measures

Relative intensity generally showed positive deviations from
zero (Fig. 8). This deviation was, however, only significant in
the case of ultimate stress. The effect of position indicated that
relative intensity values were larger for ultimate stress than for
penultimate stress.

As for H1-A2, syllables labelled as stressed showed signif-
icantly lower values compared to syllables labelled as
unstressed (Fig. 9). No effect of position was found. The same
results were obtained for H1*-A2* (Fig. 9).

H1-A3 values were significantly lower in syllables labelled
as stressed than in syllables labelled as unstressed (Fig. 10).
There was no significant effect of position. H1*-A3* revealed
no significant effects involving stress or position (Fig. 10).

3.4. Predictors of word stress

Table 8 reports the relevant statistical outcomes for each of
the acoustic measures in the GLMM analysis. As for F0 move-
ment, the null model comparison indicated no significant differ-
ences when adding this variable. Crucially, the AIC value
indicated slightly better fit for the null model, where F0 move-
ment was not included. Adding rise/fall ratio significantly
improved the null model, with AIC values showing a small
increase. Movement onset as well as movement offset signifi-
cantly improved the null model, with the offset showing the
best model fit obtained in this analysis (lowest AIC) and onset
showing the second best model fit. Adding formant displace-
ment significantly improved the model fit and this variable
was ranked relatively high, as indicated by the AIC scores.
The model comparisons showed the third largest AIC improve-
ment for duration per phoneme, which appeared to be signifi-
cant. Duration deviation significantly improved the model fit,
with a moderately ranked AIC value. H1-A2 contributed signif-
icantly to the model fit when added to the null model. The AIC
values indicate that this contribution was moderate. H1*-A2*

showed significant effects, with relatively low AIC rankings.
As for H1-A3, a significant effect was found when adding this
variable. AIC rankings showed a low contribution to the model
fit for H1-A3. With regard to H1*-A3, no significant effect was
found and the AIC value worsened when including this variable
in the model.
4. Conclusions and discussion

This study has analysed a set of possible acoustic corre-
lates of word stress in order to investigate to what extent they
provide evidence for the existence of word stress in Papuan
Malay. The acoustic measures were categorised as spectral,
temporal and amplitudinal. The extent to which these mea-
sures provide evidence for word stress is discussed in this
section.

4.1. Spectral evidence for word stress

Significant effects involving stress were found for relative F0
(only for ultimate stress), rise/fall ratio, movement onset, move-
ment offset and formant displacement. Support for the hypoth-
esis that Papuan Malay has stress was found in that syllables
labelled as stressed had higher F0 than the unstressed sylla-
ble in that word when stress was penultimate. As for F0 move-
ment, the significant interaction between stress and position
indicated that mainly in the case of ultimate stress, larger F0
movements were found on syllables labelled as stressed than
on syllables labelled as unstressed. Furthermore, syllables
labelled as stressed were more likely to show a rising F0
movement. While syllables labelled as stressed showed gen-
erally later onsets and offsets than syllables labelled as



Fig. 4. Boxplots of onsets (left) and offsets (right) of rises (top) and falls (bottom) as a function of stress (grey = stressed, white = unstressed) and stress position.

Fig. 5. Papuan Malay vowels in syllables labelled as stressed and unstressed. The grey area represents the estimated vowel space, with the centre mark indicating the overall mean
formant values (Table 7).
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unstressed, this was mainly true for penultimate stress. For
ultimate stress, onsets occurred earlier and offsets occurred
later in syllables labelled as stressed than in syllables labelled
as unstressed. Furthermore, rises on syllables labelled as
stressed generally had a later offset compared to syllables
labelled as unstressed, regardless of stress position. Falls,



Fig. 6. Boxplot of duration per phoneme (ms) as a function of stress (grey = stressed,
white = unstressed) and stress position.

Fig. 7. Boxplot of duration deviation (ms) as a function of stress (grey = stressed,
white = unstressed) and stress position.

Fig. 8. Boxplot of relative intensity (dB) as a function of and stress position.
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however, mainly showed later offsets in syllables labelled as
stressed when stress was ultimate and a minimal difference
when stress was penultimate. These differences are reflected
in the significant three-way interaction between stress, position
and direction for movement offsets.

Displacement relative to the centre of the vowel space pro-
vided evidence for stress for /a/ and /u/ (Table 7, Fig. 5). The
displacement of /i/ and /ɔ/ was too small to be significant.
Remarkably, /e/ was realised closer to the centre in syllables
labelled as stressed. This result is counter to the expectation
that stressed vowels are realised further away from the centre
to maximize (perceptual) vowel contrasts (i.e. Liljencrants &
Lindblom, 1972; Flemming, 2004). It can furthermore be
observed that the phonetic realisation of vowels in Papuan
Malay do not always match their phonemic representation.
That is, /u/ is realised relatively central, similar to [u], and /e/
is realised relatively high, similar to [e]. While this could be
the result of allophonic variation, none of these realisations
match with the allophones reported in Kluge (2017). This is
particularly noteworthy in the case of /e/, of which its displace-
ment is counter to the stress hypothesis. One could therefore
question to what extent a reanalysis of the vowel inventory
based on acoustic measures would still be compatible with
the one in Kluge (2017). While this investigation is beyond
the scope of the current study, a reanalysis of the Ambonese
Malay vowel inventory shed a different light on earlier stress
claims (Maskikit-Essed & Gussenhoven, 2016). In sum, the
formant displacement measure provided some support for
word stress when individual differences between vowels are
taken into account. Further discussion of the formant displace-
ment of /e/ is provided in Section 4.5.2.
4.2. Temporal evidence for word stress

Consistent support for the stress hypothesis was obtained
for duration per phoneme and duration deviation. Both mea-
sures were significantly affected by word stress in that longer
durations were found for syllables labelled as stressed than
for syllables labelled as unstressed. Therefore, both duration
per phoneme and duration deviation can be taken as corre-
lates indicating acoustic evidence in favour of word stress in
Papuan Malay. Both temporal measures also showed signifi-
cant interactions between stress and position, indicating that
there was more lengthening of syllables labelled as stressed
when stress was ultimate than when stress was penultimate.
It has to be noted that the measures did not account for the
tendency of word final syllables to be longer (word final length-
ening). These effects are likely, given the mean raw durations
(Table 6). Therefore, the stress-position interactions found for
both temporal measures could have been affected by word-
lengthening.
4.3. Amplitudinal evidence for word stress

The relative intensity measure confirmed the word stress
hypothesis for ultimate stress cases. The effect of position fur-
ther confirmed differences between penultimate and ultimate
stress, in that significant intensity differences between sylla-



Fig. 9. Boxplots of H1-A2 (left) and H1*-A2* (right) (dB) as a function of stress (grey = stressed, white = unstressed) and stress position.

Fig. 10. Boxplots of H1-A3 (left) and H1*-A3* (right) (dB) as a function of stress (grey = stressed, white = unstressed) and stress position.
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bles labelled as stressed and syllables labelled as unstressed
were only found for ultimate stress. All spectral tilt measures
showed shallower slopes in syllables labelled as stressed than
in syllables labelled as unstressed. H1-A2 and H1*-A2* were
more indicative than H1-A3 and H1*-A3* respectively, indicat-
ing the intensity of the second formant relative to the first har-
monic was particularly informative of stress differences.
Furthermore, the uncorrected H1-A2 and H1-A3 were more
indicative of word stress than their corrected versions. In par-
ticular, H1*-A3* appeared of no contribution to word stress in
the current study. It has to be noted that the intensity levels
decrease towards higher frequencies, regardless of word
stress effects. Due to this natural roll-off, possible stress differ-
ences could be smaller at the third formant than at the second
formant, and could therefore fail to reach significance.

4.4. Relative contribution of the acoustic measures to word stress

From the acoustic measures that were tested for their con-
tribution to word stress, the measures movement onset/offset
and duration per phoneme were most indicative correlates of
word stress in Papuan Malay. Other relatively strong correlates
of word stress were formant displacement and H1-A2. Duration
deviation, H1*-A2* and H1-A3 correlated with word stress in a
weaker manner. F0 movement and H1*-A3* did not predict
word stress at all. Overall, the results of the GLMMs and model
fit comparisons provide additional insight into the relative con-
tribution of the possible acoustic correlates of word stress. The
results of the model comparisons were furthermore in line with
those of the LMMs on each of the acoustic measures.

4.5. Discussion

The results of the current study showed acoustic support for
the Papuan Malay stress claims. In particular, the timing of F0
movements and duration per phoneme were shown to be
strong correlates of word stress. It has to be noted that the tim-
ing measures were potentially affected by lengthening effects.
Given that duration per phoneme was a good predictor of
stress in the model comparison (ranked third), the onset/offset
timing effects need to be interpreted in this context. That is,
lengthening due to stress could have caused F0 movements
to start or end later because segments were longer on average
in stressed syllables (i.e. the effect of duration per phoneme).
More insightful for the interpretation of the F0 movement tim-
ings are the interaction effects for the movement onsets/off-
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sets. These indicate longer F0 movements (earlier onsets,
later offsets) only in the case of ultimate stress. Given the
potential effect of lengthening, earlier onsets in particular are
a strong indication of the importance of F0 movement timing
in ultimate stress.

Thus, the F0 movement timings strongly hint at crucial dif-
ferences between the realisation of stress in penultimate and
ultimate position. It appears from the means and the reported
effects that generally acoustic differences are more clearly
marked when stress is ultimate. This conclusion is further sup-
ported by (interaction) effects involving position for most other
acoustic measures, except rise/fall ratio and the spectral tilt
measures. In particular, the relative measures of F0 and inten-
sity indicate significant deviations from zero (hence larger dif-
ference between the respective syllables), only in the case of
ultimate stress.
4.5.1. Word stress position

A couple of factors need to be taken in account when inter-
preting the stress position difference just observed. First, due
to the asymmetry in the distribution of words with presumed
penultimate (95%) or ultimate stress (5%), statistical tests
could falsely indicate that there was no difference in stress
realisation in the respective positions (type II error). If this error
indeed applies, the current data does not allow to either con-
firm nor to reject the mobility of word stress to the ultimate syl-
lable. As a consequence, the acoustic analysis would then
only confirm penultimate stress. It has to be noted that the
penultimate/ultimate asymmetry in the current dataset reflects
the presumably natural distribution of word stress in Papuan
Malay (Kluge, 2017). For this reason, increasing the sample
size of words with presumed ultimate stress in order to reduce
the type II error rate, would yield unrealistic word stress distri-
butions. In addition, inspection of the most indicative correlates
reveals that mean acoustic differences between syllables
labelled as stressed and syllables labelled as unstressed were
often larger for penultimate stress as opposed to ultimate
stress (Table 6). These data suggest that the existence of ulti-
mate stress is realistic despite the asymmetric distribution.

Second, the asymmetrical distribution of word stress in
Papuan Malay hints at a marked (i.e. exceptional) status for
ultimate stress. When ultimate stress is indeed the marked
stress position – as supported by most acoustic measures –
the question remains to what extent stress is acoustically
marked in penultimate position. Although there is clear acous-
tic evidence for stress across the respective positions, it could
be the case the penultimate stress is the default pattern which
does not require large acoustic differences. In this view, the
notion of “stress” in terms of markedness rather applies to ulti-
mate positions. Such an asymmetry between the respective
stress positions would be explained by the acoustic data inves-
tigated here for Papuan Malay. As a consequence, the notion
of stress marking is more constrained to position in the word
than the attribution of a specific amount of acoustic promi-
nence to a single syllable in a word would imply. The literature
has observed that in languages where there is little variation in
the position of the stressed syllable (i.e. “fixed stress” lan-
guages), the acoustic difference between stressed and
unstressed syllables is small (Cutler, 2005; Dogil, 1999). This
can be explained when considering that speakers and listeners
of this type of languages expect the most frequent pattern by
default and that only deviations from this pattern need to be
acoustically salient enough to warrant successful communica-
tion. Indeed, EEG studies on languages where the stressed
syllable has limited mobility, have shown that listeners are par-
ticularly sensitive for non-default stress patterns (Domahs
et al., 2012, 2013). Given the current results, the acoustic real-
isation of word stress in Papuan Malay would fit the asymmetry
observed for other languages. While the communicative impor-
tance of a deviant stress pattern could explain much of the
acoustic asymmetry, the position of the stressed syllable in
the prosodic structure of Papuan Malay needs to be consid-
ered as well. That is, ultimate syllables are particularly suitable
to stand out as acoustically more prominent due to their final
position. Word final lengthening, which appeared to be present
in the current data (Section 4.2), could thus have had an addi-
tional, strengthening effect to ultimate word stress. In other
words, longer syllables give more room for acoustic cues to
be realized more saliently compared to shorter ones. It is likely
that the penultimate stress patterns found in the current study
exhibit such a combined effect of word stress and final length-
ening, as hinted at by the effects of position reported in Table 5.

Third, while most measures find small acoustic differences
for penultimate stress and large acoustic differences for ulti-
mate stress, some measures find hardly any acoustic differ-
ences for penultimate stress. In particular, relative F0, F0
movement and relative intensity fit this pattern. Given that
two of these measure concern F0, it has to be noted that the
role of F0 in word stress has not always been clear. Signifi-
cantly lower F0 values have been found for syllables labelled
as stressed compared to syllables labelled as unstressed in
Italian (Eriksson et al., 2016) and Lahore speakers of Urdu
(Hussain, 1997). It is unclear how these opposing results
should be interpreted. If F0 is indeed a main correlate of
phrase level prosody, the unexpected values might be an arte-
fact of the weak correlation with stress in general. However,
this interpretation is problematic from an articulatory acoustic
point of view. That is, prominence at any prosodic level is gen-
erally associated with greater articulatory effort (e.g. Streefk-
erk, 2002). The physical relationship between spectral,
temporal and amplitudinal aspects of the speech signal predict
that for larger F0 movements, more time and more vocal
energy is needed. This seems to be the pattern in the current
results for Papuan Malay ultimate stress. Thus, F0 is used to
mark mainly a deviation from the default (penultimate) stress
pattern.
4.5.2. Formant displacement of /e/

As for F1 and F2, consistent formant displacement was
observed. For most vowels this meant displacement from the
centre of the acoustic space. An exception was found for /e/,
which was centralised in syllables labelled as stressed
(Fig. 5). This is counter to the crosslinguistically common
observation that vowels are centralised, or likely to be realised
as schwa in unstressed positions. It has to be noted, however,
that schwa can be stressed in languages where this sound is
part of the phoneme inventory (e.g. Romanian; Chitoran,
2001). In Papuan Malay, /e/ appears more often in unstressed
positions than the other Papuan Malay vowels (Table 2a). It is
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therefore not immediately clear how the formant displacement
of /e/ should be interpreted.

Given the research question of the current study, two types
of explanations are discussed. In the first, the exceptional
behaviour of /e/ is not interpreted as a reflection of word stress.
Rather, the formant values are taken as an indication that the
vowel inventory of Papuan Malay includes /e/, either as an
addition to or a replacement of /e/ (see also Section 4.1). Such
an approach would be similar to the reanalysis of the vowel
inventory proposed for Ambonese Malay, with the crucial differ-
ence that no acoustic evidence for word stress was found for
Ambonese (Maskikit-Essed & Gussenhoven, 2016). Thus, in
a stress-less reanalysis of the vowel inventory of Papuan
Malay, it would be unclear how the regular formant displace-
ment observed in the other vowels would have to be inter-
preted. In addition, the consistent evidence for word stress
from most other acoustic measures in the current study would
also have to be reanalysed.

In the second explanation, the formant displacement of /e/ is
interpreted in accordance with the claim that Papuan Malay
has word stress (Kluge, 2017). Although it is unclear in this
view how exactly the realisation of stress could lead to vowel
centralisation, the position of schwa in Papuan Malay might
provide further insight. That is, Papuan Malay /e/ often corre-
sponds to schwa in Indonesian (Donohue, 2003). Like for
Romanian, it has been claimed that schwa can be stressed
in Jakarta Indonesian (Laksman, 1994), see Section 1.2.
Although there is debate about the existence of word stress
in Indonesian (e.g. Goedemans & Van Zanten, 2014), regular
word level prosody has been observed for some of the Indone-
sian languages (e.g. Toba Batak; Goedemans & Van Zanten,
2007). Crucially, the large influence of (Jakarta) Indonesian
on Papuan Malay is undisputed (Kluge, 2017). Therefore, the
centralised realisation of stressed /e/ can be explained by
assuming that /e/ is underlyingly treated as schwa, however
only when stress is applied (i.e. like in Jakarta Indonesian).
In this way, stress on /e/ is defined relative to schwa in the cen-
tre of the vowel space, not relative to unstressed /e/. As a con-
sequence, stressed /e/ is realised as a “displaced schwa”, and
located between unstressed /e/ and the position of schwa. The
Papuan Malay vowel space allows for this midway location and
ensures that stressed /e/ remains acoustically distinct from
both unstressed /e/ and schwa. Such an unusual application
of word stress would be a phonologically costly process, which
explains why stressed /e/ is relatively rare. That is, /e/ occurs
more often in syllables labelled as unstressed (>80%) than in
syllables labelled as stressed. This distribution is different from
the other Papuan Malay vowels, which occur more equally fre-
quent among syllables labelled as stressed and syllables
labelled as unstressed (Table 2a).

Additional support to explain the formant displacement of /e/
within the claim that word stress is present, is the potentially
limited communicative function of word stress in Papuan
Malay. This is particularly clear from the lack of minimal stress
pairs, suggesting that the contribution of word prosody to dis-
tinguish word meanings is minimal. Due to this limited function,
the hypothetical influence of the Indonesian stressed schwa
just outlined is most likely harmless for word recognition in
Papuan Malay. The adoption of stressed schwa could rather
reflect the influence of Indonesian in formal settings, such as
interactions with Western researchers described in Kluge
(2017, p. 18). The recording procedure described in Section 2.1
could have caused such a level of formality for the participants
in the current study. In addition to possible influences of regis-
ter, it has been shown that language contact situations can be
reflected in the variation of a single phoneme (Kaland, Galatà,
Spreafico, & Vietti, 2019). Similarly for North Moluccan and
specifically Manado Malay, schwa was originally lacking, but
does occur “in words which might represent code-switching
to Indonesian” (Paauw, 2008, p. 95).

Although the two views just described could provide direc-
tions for future research, they remain speculative and leave
the current study inconclusive on how to interpret formant dis-
placement of /e/. Two issues remain open: how formant dis-
placement fits within the other acoustic evidence in favour of
word stress and to what extent a reanalysis of the Papuan
Malay vowel inventory is needed.
4.5.3. Outlook

Overall, it can be concluded that Papuan Malay shows con-
sistent acoustic evidence for the word stress claim by Kluge
(2017) to the extent that it is non-phonemic and regularly
located on the penultimate syllable. Acoustic evidence for word
stress is found in all aspects of the speech signal; mainly F0
movement timing, duration per phoneme, formant displace-
ment and spectral tilt. The results are in line with earlier work
showing that duration measures were among the strongest
correlates of word stress crosslinguistically (Gordon &
Roettger, 2017). In light of stress claims for Trade Malay vari-
eties, the outcome of the current study is not evident. It has
been shown that earlier impressionistic stress claims (Van
Minde, 1997) were not supported for Ambonese Malay
(Maskikit-Essed & Gussenhoven, 2016). Therefore, the current
study shows that Trade Malay varieties might differ in terms of
word level prosody, although some essential differences in
methodology have to be taken into account (Section 1.4).
Future work should concentrate on the acoustic correlates of
word stress in other Trade Malay varieties to further complete
the empirical literature on these languages. Of special interest
are varieties that did not lose schwa (Kupang, Larantuka, Ter-
nate), which could shed further light on the role of schwa in
Trade Malay word prosody.

The current results deserve further caution on several
aspects. First, the stress hypothesis tested in the current study
was taken over from Kluge (2017). Although consistent acous-
tic evidence was found, a more unbiased hypothesis would
have been based on the basis of purely acoustic criteria.
These criteria would then have to correspond with a specific
expectation of the acoustic properties of a stressed syllable.
While the outcome of such an investigation would constitute
stronger empirical support on word stress, the approach would
face a number of difficulties. Foremost, the acoustic realisation
of word stress differs crosslinguistically (Section 1.3), which
makes it challenging to find the acoustic criteria needed to call
a syllable “stressed”. This is particularly complicated for lan-
guages like Papuan Malay, for which little to no acoustic
research is available. The investigation outlined in this paper
furthermore suggests that acoustic realisations differ depend-
ing on where in the word stress is realised. A second word
of caution concerns Papuan Malay phrase prosody, of which
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to date little is known. While recent work suggests that this lan-
guage does not make use of pitch accents (Kaland &
Himmelmann, 2019; Riesberg et al., 2018), a direct assess-
ment of the functions of F0 in Papuan Malay phrases is lack-
ing. While the influence of phrase level phenomena was kept
to a minimum in the current study, it cannot be fully excluded
that some of the words in the data subset were subject to
acoustic processes resulting from phrase prosody. Whether
or not these processes originated from accent placement can-
not be concluded at this stage. The interaction between word
level and phrase level prosody is left for future research. Third,
it remains to be investigated to what extent the word stress cor-
relates found here are perceptually relevant. Minimal stress
pairs are not reported for Papuan Malay (Kluge, 2017) and
the acoustic differences found in the current study could there-
fore turn out to be irrelevant for listeners. An investigation of
the extent to which the acoustic cues facilitate word recognition
is planned in a follow-up study.
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