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Abstract: The existence of word stress in Indonesian languages has been
controversial. Recent acoustic analyses of Papuan Malay suggest that this lan-
guage has word stress, counter to other studies and unlike closely related lan-
guages. The current study further investigates Papuan Malay by means of lexical
(non-acoustic) analyses of two different aspects of word stress. In particular, this
paper reports two distribution analyses of a word corpus, 1) investigating the
extent to which stress patterns may help word recognition and 2) exploring the
phonological factors that predict the distribution of stress patterns. The facilitating
role of stress patterns in word recognition was investigated in a lexical analysis of
word embeddings. The results show that Papuan Malay word stress (potentially)
helps to disambiguate words. As for stress predictors, a random forest analysis
investigated the effect of multiple morpho-phonological factors on stress place-
ment. It was found that the mid vowels /ɛ/ and /ɔ/ play a central role in stress
placement, refining the conclusions of previous work that mainly focused on /ɛ/.
The current study confirms that non-acoustic research on stress can complement
acoustic research in important ways. Crucially, the combined findings on stress in
Papuan Malay so far give rise to an integrated perspective to word stress, in which
phonetic, phonological and cognitive factors are considered.
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1 Introduction

A number of recent studies found support for the existence of word stress in
Papuan Malay, a language spoken in the Easternmost provinces of Indonesia
(Kaland 2019, 2020; Kluge 2017). The findings are a challenge to integrate with the
different outcomes in studies on closely related languages such as Ambonese
Malay (Maskikit-Essed and Gussenhoven 2016). In addition, the word stress con-
troversy in Trade Malay languages fits into an existing debate on word stress in
Indonesian languages (e.g., Van Zanten et al. 2010).

The current support for word stress in Papuan Malay comes from a grammar
based on auditory impressions (Kluge 2017), acoustic analyses (Kaland 2019) and
perception experiments (Kaland 2020). These studies agree that the penultimate
syllable in a word is stressed by default, except when that syllable contains /ɛ/, in
which case the ultimate syllable is stressed. This stress distribution has been
reported (and disputed) for numerous Austronesian languages (Van Zanten et al.
2010). However, detailed phonetic or phonological analyses of stress in these
languages are few. Unlike other Malay variants that have at least one mid
centralized vowel (schwa), Papuan Malay has no schwa; its five vowels are /i, ɛ, a,
ɔ, u/. Papuan Malay is in this respect similar to Toba Batak, both in the lack of
schwa and in stress placement (Goedemans andVanZanten 2007; VanHeuvenand
Van Zanten 1997; Van Zanten and Van Heuven 1984). Recent analyses have
advanced the study of stress in Papuan Malay. Duration, vowel quality and
spectral tilt were found to be the strongest acoustic correlates of word stress
(Kaland 2019). Regarding perception, Papuan Malay listeners appeared to assume
the penultimate stress pattern as a default and were sensitive mainly to deviant
(ultimate) stress patterns in lexical decision tasks (Kaland 2020). These perception
effects could be ascribed to acoustic differences in duration, (spectrally weighed)
intensity and fundamental frequency (f0). However, none of these cues alone was
sufficient for listeners to discriminate between penultimate and ultimate stress.
Although vowel quality was not tested perceptually, it was found to be a strong
acoustic correlate (Kaland 2019).

The work just discussed focused on the acoustic nature of stress in production
and perception. Less is known about whether and how Papuan Malay stress pat-
terns play a functional role in the lexicon. Althoughword stress in PapuanMalay is
unlikely to be lexically contrastive (e.g., no minimal stress pairs were reported in
Kluge 2017), the distinction between penultimate and ultimate stress could still
facilitate word recognition (e.g., Cutler 2005; Van Zanten and Van Heuven 2004).
The applicability of such a function could make the case of word stress in Papuan
Malay less controversial. In addition, acoustic patterns of penultimate word stress
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in Austronesian languages have often been explained as reflexes of phrase pros-
ody (Van Heuven et al. 2008 on Betawi Malay; Van Zanten et al. 2010). To sub-
stantiate the claim that the acoustic results on Papuan Malay are indeed bound to
the word level, additional research is needed on the morphological and phono-
logical factors underlying these stress patterns. This advances the existing sketch
of PapuanMalay phonology (Kluge 2017). Therefore, the current study extends the
existing work in two ways. First, the role of word stress in word disambiguation is
investigated, comparing Papuan Malay with other languages for which similar
analyses were carried out. Second, the phonological nature of PapuanMalay word
stress is further explored comparing multiple (morpho-)phonological factors and
their effects on stress placement. To this end, a lexical analysis of word embed-
dings and a random forest analysiswere carried out respectively, using a list of 1127
words obtained from extensive field work (Kluge 2017; Kluge et al. 2014).

1.1 Stress controversy in Indonesian languages

The existence ofword stress patterns in Indonesian languages has been the topic of
several studies, sometimes leading to contradictory findings (e.g., see Van Heuven
and Van Zanten 2007 for an overview). Papuan Malay, focused on in this study, is
spoken by more than one million people and serves as the common language for
many different communities in the Indonesian provinces of Papua and West-
Papua (Kluge 2017). For most speakers, Papuan Malay is therefore their second
native language, alongside their inherited language. Before illustrating the con-
troversy in a discussion of stress in TradeMalay languages, towhich PapuanMalay
belongs, some general remarks should be made that are also relevant for other
Indonesian languages. Part of the controversy resulted from the lack of dis-
tinguishing word stress from phrase prosody in early work (see Goedemans and
Van Zanten 2007 for a discussion). In addition, attempts to generalize over lan-
guage families in Indonesia have been prone to overlook language variation.
Regional variation is a crucial variable in explaining the distribution of stress
patterns (Goedemans and Van Zanten 2007; Himmelmann and Kaufmann 2020).
Although generalizations over language families could provide important typo-
logical insights, they are at best based on a limited number of studies, as most
languages of Indonesia are still under-researched.

Contradictory claims on word stress can be observed for at least two Trade
Malay languages; Ambonese Malay and Papuan Malay. As for Ambonese Malay,
word pairs with penultimate/ultimate stress as their minimal difference were re-
ported (VanMinde 1997). However, an acoustic analysis of correlates ofword stress
and pitch accents in this language provided a different explanation for these
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minimal pairs. Vowel quality differences were no longer seen as themain correlate
of stress in the minimal pairs, but were rather interpreted as acoustic evidence for
two different vowels. Thus, Ambonese Malay was re-analyzed as a language
without stress, having six instead of five vowels (Maskikit-Essed and Gussenhoven
2016).

For Papuan Malay, a rating task on phrase-level prominences and boundaries
indicated that native listeners mainly agreed on where prosodic phrase-final
boundaries occurred (Riesberg et al. 2018). It was concluded that prosodic prom-
inence is unlikely to be a relevant concept in this language and that PapuanMalay
therefore does not have word stress or pitch accents, following the most recent
claim for Ambonese Malay. However, the rating task concerned phrase prosody
only and did not provide direct evidence about word stress patterns. An analysis of
word stress correlates (Kaland 2019), crucially excluding phrase-final words,
showed that the distinction between penultimate and ultimate stress is signaled
acoustically, confirming earlier reports (Kluge 2017). In perception studies, Papuan
Malay listeners were found to be sensitive to acoustically prominent syllables at
the word and phrase level. It should be noted that the perceived prominence
resulted from either sequences of manipulated Papuan Malay syllables (Kaland
2020) or German phrases with salient pitch accents (Riesberg et al. 2020).

1.2 Types of evidence for lexical stress

Given these contradictory findings, it is important to consider the type of evidence
used in the studies. For Ambonese Malay, the argument in favor of word stress
appeared to bemainly based on the author’s impressions based on a small number
of minimal pairs (Van Minde 1997). The acoustic analysis (Maskikit-Essed and
Gussenhoven 2016) was carried out on a small number of speakers (N = 4) and
stimuli (N = 9), the latter being selected to test minimal pair contrasts only. In this
respect, it should be noted that the literature has cast doubt on diagnosing word
stress based only on the existence of minimal pairs. Psycholinguistic studies have
shown that even in Germanic languages that are uncontroversially analyzed as
having stress, minimal stress pairs (except for ones involving affixation) are highly
infrequent in their lexicons (e.g., Cutler 2012). Thus, the lexically contrastive
function does not necessarily provide a useful stress diagnostic. More evident and
insightful functions of stress were revealed in studies on listener expectations and
lexicon structure. For example, it has been shown that rhythmical expectations
based on the (regular) placement of the stressed syllable facilitate word recogni-
tion processes (see Cutler 2005 for an overview). Furthermore, studies have shown
that these processes are not identical across languages. Much depends onwhether
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stress cues that are available in the speech signal are indeed used by listeners. It
has been shown that in early stages of word recognition stress cues do not have a
word discriminatory function in English (Cutler 1986), although they do in Dutch
(Van Heuven 1988). How sensitive listeners are to stress cues depends to some
extend on the distribution of regular versus irregular stress patterns in the lexicon
(Domahs et al. 2012; Peperkamp et al. 2010). In particular, it has been shown that
stressmay help listeners to disambiguatewords (Cutler and Pasveer 2006; Cutler et
al. 2004).

1.3 Word disambiguation

The disambiguating role of stress can be illustrated when considering the English
embedded word bee in either the carrier word beanie or the carrier word belay. In
this example, suprasegmental stress cues could disambiguate bee and belay, as
the first consonant-vowel sequence is enough to recognize it as a stressed (bee) or
unstressed (belay) syllable. However, stress is not a disambiguating cue between
bee and beanie as the matching first syllable is stressed in both words. In the latter
case, word disambiguation is rather based on segmental differences between the
embedded word and its carrier word. Studies have compared the total number of
embedded words and the number of embedded words when stress was taken into
account as a disambiguating cue for a small number of languages (Cutler et al.
2004). These counts revealed differences between English on the one hand and
Dutch, German and Spanish on the other (Table 1). That is, the relative decrease in
mean embeddings per word due to mismatching stress was the largest in Spanish
and the smallest in English. Dutch and German occupied middle positions. For all
of these languages the mean value of stress-matched embeddings was below the
limit of one per carrier word, showing that stress information successfully reduces
the competition between the candidates. The limit of one embedding per carrier
word is crucial, as the disambiguation problem that listeners face can be suc-
cessfully reduced by stress cues only if there are sufficient embeddings (Cutler and
Pasveer 2006). For English, the statistics showed that even when stress informa-
tion was ignored, themean number of embeddings per carrier was below one. This
would indicate that in English there is little need for disambiguation of alternative
word candidates, and therefore limited room for stress cues to play a role, even
when they are present in the signal (Cooper et al. 2002). It has been argued that the
differences among the lexical statistics of each language could indeed be
explained by the type of stress cues listeners exploit in word recognition. In
Spanish, listeners use mainly suprasegmental cues (see also Peperkamp et al.
2010). In Dutch and German, both suprasegmental and segmental cues are used,
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whereas in English, segmental cues are most important (Cooper et al. 2002; Yu
et al. 2020). In English, vowel reduction is the most important segmental cue to
stress and serves to distinguish, for example, word class in disyllabic words, e.g.,
subject is a verbwhen the vowel in the first syllable is reduced (ultimate stress) and
a noun when the vowel in the first syllable is full (penultimate stress). The limited
role of suprasegmental cues was also hypothesized to be the consequence of
phoneme inventory size (Cutler et al. 2004), such that languages with large in-
ventories (e.g., 44 in English) have more options to disambiguate words by
segmental means than languages with small inventories (e.g., 25 in Spanish). This
would explain the limited degree of disambiguation by means of suprasegmental
stress cues found for English (Table 1). Although the hypothesis suggested by
Cutler et al. (2004) is intuitively quite appealing, there is considerable counter-
evidence against it from more recent typological quantification. Maddieson (2011,
and references therein) demonstrated that size of the consonant and vowel in-
ventories, syllable complexity measures, size and complexity of tone systems and
the distinguishing role of stress are all positively correlated in the UCLA Phono-
logical Segment Inventory Database (UPSID), a genealogically representative
sample of between 450 and 650 languages (depending on the linguistic property at
issue).

1.4 Vowel quality

It remains to be seenwhether the disambiguating role of stress can be used to shed
light on the stress controversy in Austronesian languages. As for Papuan Malay,
field elicitations reported in Kluge (2017) do not contain any minimal stress pairs.
The acoustic evidence (Kaland et al. 2019)was based onunscripted story re-tellings
by 19 speakers and showed structural support for penultimate word stress as the
default pattern and ultimate stress as the exceptional pattern (i.e., when the
penultimate syllable contains /ɛ/). Vowel quality appeared as one of the stronger
acoustic correlates, showing that vowel formants in stressed syllables are further

Table : Mean number of embedded words per complex word when ignoring stress (left), when
considering stress (right).

All embeddings Stress-matched Proportion

Dutch . . .
English . . .
German . . .
Spanish . . .

Data from Cutler et al. () and Cutler and Pasveer ().
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displaced from the center of the acoustic space compared to those in unstressed
syllables. However, this result was found for the Papuan Malay vowels /i/, /a/, /ɔ/
and /u/, but not for /ɛ/, which showed the opposite effect (i.e., further away from
the center when unstressed). A speculative explanationwas provided, inwhich /ɛ/
was produced as stressed schwa, a possibility reported for Jakarta Indonesian
(Laksman 1994; see Kaland 2019). However, schwa as the only cause of a stress
shift has been reported as a doubtful indicator of the existence of stress, and the
avoidance of schwa could actually be an effect of phrase prosody (Goedemans and
Van Zanten 2014, p. 88). It thus remains to be seen how the role of /ɛ/ should be
interpreted in the light of potential other phonological factors that could cause a
stress shift. The interpretation is particularly challenged by the fact that /ɛ/ ap-
pears to be the main reason for stress to shift from penultimate to ultimate (e.g.,
lama, /ˈla.ma/, ‘to be long in duration’ vs. lema, /lɛ.ˈma/, ‘to be weak’), and at the
same time shows exceptional formant displacement when stressed (Kaland 2019).
The latter finding could be related to the extreme sparsity of stressed /ɛ/, a pattern
mainly observed in penultimate position when the ultimate syllable also contains
/ɛ/. It remains unclear, however, to what extent the vowel quality difference be-
tween centralized /ɛ/ (stressed) and decentralized /ɛ/ (unstressed) should indeed
be interpreted as a stress difference.

One optionwouldbe toassume that theallegedstressdifferences found for /ɛ/ are
actually segmental differences, i.e., two distinct but acoustically similar vowels. This
type of explanation, as provided for Ambonese Malay (Maskikit-Essed and Gussen-
hoven 2016), could in theory also be applied to the other vowels, assuming that the
PapuanMalay inventory comprises twice asmany vowels as reported in Kluge (2017).
Such an inventory would then consist of five vowels each in a full/long version and a
reduced/short version, which would imply that Papuan Malay does not have word
stress. Vowel quality or length differences are indeed commonly reported as dis-
tinguishing between two subsets of vowels in an inventory (e.g., Maddieson 2009).
However, given that the acoustic distinctions between the vowel categories concern
several prosodic cues at the same time (Kaland 2019), the stance taken in this paper is
that the acoustic results found so far need to be explained as being suprasegmental
(i.e., word stress) rather than segmental properties. More research is needed to com-
plement the existing acousticfindings. The research questions addressed in this study
are outlined in what follows.

1.5 Research questions

Given the above discussion of the literature, this study addresses two different
aspects relating to the lexical status of word stress in Papuan Malay using non-
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acoustic analyses. The first is a confirmatory analysis investigating the disam-
biguating function of word stress (RQ1). We predict that if stress is indeed a su-
prasegmental property of Papuan Malay words, listeners might benefit from how
the patterns are distributed. If this holds true, stress could facilitate word disam-
biguation. This hypothesis is investigated in a lexical analysis similar to the ones
carried out in Cutler et al. (2004) and Cutler and Pasveer (2006). The null hy-
pothesis would be that Papuan Malay stress patterns do not facilitate word
disambiguation,which could be an indication that stress needs to be interpreted as
a segmental property, similar to English (Cooper et al. 2002).

RQ1: Do Papuan Malay stress patterns reduce the number of alternative word
candidates?

Second, more research is needed on the phonology of the stress placement in
Papuan Malay, in particular to understand the unique position of /ɛ/. This is
investigated in an exploratory analysis using the random forests classification
technique (Breiman 2001). This type of analysis ranks the relative importance of
multiple interrelated variables. In this way, the effect of /ɛ/ can be compared to
factors that could also be relevant for stress placement, such as other vowels,
syllable structure or word class.

RQ2: What phonological factors determine stress placement in Papuan Malay?

These issues are investigated in this paper by means of a lexical analysis of
word embeddings (Section 2) and a random forest analysis ofmorpho-phonological
predictors of stress (Section 3) using a corpus of Papuan Malay words.

2 Lexical analysis of word embeddings

The corpus consisted of Papuan Malay words, as provided in Kluge (2017) and
Kluge et al. (2014). The words selected for the analyses in this study concerned
native roots only (Kluge 2017: Appendix A.1). Loanwords, which occur frequently
in this language, were discarded. In this way, potential influences from stress
patterns that originate from other languages were avoided. The word lists con-
sisted of a written lexeme, phonetic transcription with syllable boundaries and
stress indicated, word class label, and an English gloss.

Before obtaining the number of embedded words, duplicates (e.g., homonyms
such as pasang for ‘pair’ or ‘to install’) were purged from the word list such that
only single instances of sound shapes were left. Given the paucity of four-syllable
words in the list (N = 3), theywere excluded from the counting procedure. Based on
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the syllable boundary indications in the phonetic transcriptions, the number of
syllables was counted per word. In addition, the stressed syllable was indicated as
a number referring to the position of that syllable in that word, based on the stress
marks in the phonetic transcriptions. The final word list used for analysis con-
tained 1106 words, 1062 of which were polysyllabic and potential candidates for
carrier words. Table 2 provides the word counts for the analyzed word list.

In the existing studies onword embeddings (Cutler and Pasveer 2006; Cutler et
al. 2004) the mean embeddings were weighed by word frequency. For Papuan
Malay no corpus data is available to provide word frequencies. In the current
analysis, the embedding statistics are therefore unweighted (see Section 2.2 for
further discussion). The analysis carried out in this study is based on the word list
underlying Table 2. Although a fair number of words might not frequently occur in
spontaneous speech, the word list still provides a subset that is representative for
the language. That is, the words in the list were elicited in spontaneous conver-
sations and formed the basis for the phonological analysis (Kluge 2017).

In the absence of frequency data, the current analysis established the number
of polysyllabic words which contained one or more embeddings and counted the
subset of these embeddings for which stress matched between carrier word and
embedded word. Following previous lexical analysis studies, syllable boundaries
were taken into account. For example, ke ‘to’ was counted as an embedding in
kewa (/ˈkɛ.wa/, ‘dance party’), but not in kembang (/ˈkɛm.baŋ/, ‘flower’). As for
stress-matching embeddings, ka (/ˈka/, ‘or’) would count in kali (/ˈka.li/, ‘river’) or
in sikakar (/si.ˈka.kɐr/̥, ‘to hold onto tightfisted’) but not inmuka (/ˈmu.ka/, ‘front’).
The counts were done automatically using syllable-level string matching based on
the phonetic transcriptions in the word list. String matching was applied after
diacritics were removed from the transcriptions, as these marks indicate variation
in segmental surface realizations. This was done in order to find phonemically
identical (i.e., matching) syllables, following the methods in Cutler et al. (2004)
and McQueen et al. (1995).

Table : Word list counts by number of syllables (σ) and word stress.

Number of σ Penultimate stress Ultimate stress All stresses

 – – 

   

   

Total   
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2.1 Results

As reported in Table 3, the list consisted of a total of 159 polysyllabic carrier words,
i.e., words for which embedded words could be found (column “carrier words”).
The number of embedded words was 170 (column “embeddings – all”). The
embedded words had a length of either one syllable (in carrier words of two or
three syllables) or two syllables (in carrier words of three syllables). The total
number of embeddings was overall slightly higher than the number of carrier
words (170 versus 159 respectively). This result indicated that carrier words had
more than one embedding on average (M = 1.07). The counts decreased when
considering only the embeddedwords thatmatched for stresswith the carrier word
(column “embeddings – stress-matched”). The latter observation is an indication
that when stress is taken into account, themean number of embeddings per carrier
word drops below one (M = 0.64). Note that from the 84 stress-matched embed-
dings in disyllabic carrier words, 82 matched with penultimate stress and 2 with
ultimate stress. From the 18 stress-matched embeddings in trisyllabic words all
matched with penultimate stress.

In addition, the location of the embedded word in the carrier word was
counted, providing an insight intowhere in the carrier word the embedding started
(see Cutler et al. 2004 for comparable tables with ratios). Tables 4a and 4b report
the locations for all embeddings and for stress-matched embeddings respectively.
Both tables show that the decrease in embeddings due to the consideration ofword
stress was particularly large for disyllabic carrier words with embeddings starting
in the second syllable (e.g., yang, /ˈjɐŋ/, relativizer, in goyang, /ˈgɔ.jɐŋ/, ‘to shake’) ,
and for trisyllabic carrier words that had embeddings starting in the first syllable
(e.g., sa, /ˈsa/, 1SG, in sarana, /sa.ˈɾa.na/, ‘facility’). In the latter case, all embeddings
(N = 8) could be disambiguated on the basis of stress information.

Table : Word counts and embeddings for each word-length in syllables in the Papuan Malay
word list.

Word-length (σ) Carrier words Embeddings

All Stress-matched

   

   

All lengths   
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In order to assess the potential influence of syllable structure on the degree of
disambiguation by stress, the counts of embeddings were split by structure of the
first syllable in the embedding (Table 5). These counts show that CV syllable
structure is the most frequent. The degree of disambiguation does not appear to
differ due to syllable structure. It should be noted, however, that the counts
challenge the comparison of syllable structures due to the overall frequency dif-
ferences. The largest degree of disambiguation by stress is found in monosyllabic
embeddings with an onset in the second syllable of the carrier word, both for CV
and for CVC syllables.

Table b: Stress-matched embeddings: length and location of embedded word (E) in carrier
word (C) for each carrier word length in syllables (σ).

Length (σ) Location of onset of E in C

Carrier Embedding σ σ σ

   

    

   

Table a: All embeddings: Length and location of embeddedword (E) in carrier word (C) for each
carrier word length in syllables (σ).

Length (σ) Location of onset of E in C

Carrier Embedding σ σ σ

   

    

   

Table : Number of all/stress-matching mono- and polysyllabic embeddings with location in the
carrier (σ, σ, σ) as a function of syllable structure of the initial syllable of the embedding.

Structure Monosyllabic embeddings Polysyllabic
embeddings

N total

σ σ σ σ σ

CV / / / / / /
CVC / / / / / /
CCV / / / / / /
V / / / / / /

N total / / / / / /
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2.2 Conclusion

The lexical analysis shows that many word embeddings can be successfully
eliminated during word recognition on the basis of mismatching stress patterns in
Papuan Malay. The reduction is most clearly found for embeddings with an onset
in an unstressed syllable of the carrier word (Tables 4a and 4b). This can be
explained when considering that stress is highly regular in Papuan Malay
(penultimate) and that most of the embeddings concern monosyllabic words. This
result resembles the one reported for Spanish, a language with predominant
penultimate stress, for which stress-matched embeddings were found mainly in
penultimate syllables (Cutler et al. 2004: Table 5). It should also be noted that for
both Papuan Malay and Spanish monosyllabic embeddings were counted as
stressed and were the most frequent length of embedding. A crucial difference
concerns the fact that the words under analysis were shorter in PapuanMalay than
in Spanish, despite their similar phoneme inventory sizes (23 and 25 respectively).
It is unlikely that the small Papuan Malay corpus did not reflect word lengths in a
natural way. For instance, the predominance of disyllabic words has also been
observed in spontaneous speech in Kaland (2019).

In this respect it is interesting to reconsider the hypothesis that languages with
small phoneme inventories resort to suprasegmental cues to signal stress to a
larger extent than languages with large phoneme inventories (Cutler et al. 2004).
While suprasegmental cues do indeed play a role in stress perception in Papuan
Malay (Kaland 2020), it is unclear how these compare to segmental cues such as
vowel quality (further discussion below). Given the higher degrees of disambig-
uation in Spanish than in Papuan Malay, it seems that phoneme inventory is not
the only factor predicting the role of suprasegmental cues (Maddieson 2011). The
morphological composition appears equally important, as Spanish has longer
words than Papuan Malay. This caused stress-matched embeddings to occur
mainly inword initial syllables in PapuanMalay (predominantly bisyllabicwords),
whereas in Spanish stress-matched embeddings were found in penultimate syl-
lables of longer words as well. From a processing point of view, it has been argued
that both the size and the location of the embedding are crucial for successful
speech processing (McQueen et al. 1995). Given the word length differences be-
tween Papuan Malay and Spanish, however, the disambiguating function simply
has less opportunity to facilitate speech processing in the former language. This is
plausibly reflected in the relative amount of disambiguation found in both
languages.

Althoughword frequency could not be taken into account in the current study,
the mean number of embeddings per word can now be provisionally compared
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with the data from the other languages (Dutch, English, German and Spanish). For
a more direct comparison between the Papuan Malay values and those in Table 1,
the proportions of stress-matched embeddings can be computed by subtracting the
mean value of stress-matched embeddings per carrier word from themean value of
all embeddings per carrier word. In this way, low proportions predict large facil-
itation,whereas high proportions predict small facilitation. These proportions thus
give an insight into the relative magnitude of the facilitatory effect of stress on
word recognition and abstracts over language-specific numbers of embeddings
(Table 6, right column). The highest proportions are found for English (0.62) and
Papuan Malay (0.60), followed by German and Dutch (each 0.49), whereas
Spanish shows the lowest proportions of stress-matched embeddings (0.31).

The observations of this analysis lead to the conclusion that word stress in
Papuan Malay has a potential function in word recognition in that it may aid the
process of rejecting alternative word candidates. Given the similar proportions of
stress-matched embeddings in the current study compared to the results of Cutler
et al. (2004) and Cutler and Pasveer (2006) for English, it needs to be further
discussed to what extent the facilitatory effect of word stress in Papuan Malay can
be found in suprasegmental or segmental cues. This question is particularly
relevant given that the relatively low degree of disambiguation in English (i.e. high
proportions of stress-matched embeddings) can be ascribed to the fact that stress
differences in this language are mainly signaled by vowel quality differences and
to a much lesser extent by suprasegmental differences. Although it was found that
vowel reduction is an acoustic cue to stress in Papuan Malay (Kaland 2019), it
remains to be seen to what extent listenersmake use of this cue, in particular given
that /ɛ/ did not show the type of formant displacement found in other vowels
(Section 1). If suprasegmental stress information is indeed less important for word
recognition in Papuan Malay compared to languages such as Dutch, German or
Spanish, a larger role could be reserved for vowel reduction in this language.

An important difference between Papuan Malay and English concerns the
mean embeddings per carrier word when all embeddings are counted. This can be
illustrated when recalling that one is the crucial limit for the (mean) number of
embeddings per carrier word (Section 1.2). In English, the mean value is just below
one (0.94), whereas in Papuan Malay this number is just above one (1.07). In
English, therefore, disambiguation is less of a challenge for listeners to begin with.
In Papuan Malay, however, there is more need to disambiguate than in English,
predicting that the relative importance of suprasegmental cues is larger in the
former language. It has to be noted that taking into account frequency data could
still somewhat change this number for Papuan Malay. Despite the fact that the
corpus in the current study consisted of commonly used words, no weight differ-
ences between high and low frequency words were taken into account. This could
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have resulted in a more course-grained analysis provided here, compared to the
analyses in the literature (Cutler and Pasveer 2006; Cutler et al. 2004; McQueen et
al. 1995). In this respect it is important to consider that the small corpus of common
words in Papuan Malay (compared to the large corpora used in previous studies)
could have reduced the chance that many low frequency words were taken into
account and as a consequence were given too much weight.

Given that vowel quality plays a crucial role in stress distinctions (Section 1.4),
as established for English and as suggested for Papuan Malay, it is important to
further explore the phonological factors underlying stress placement in the latter
language, as further outlined in the next section.

3 Random forest analysis of stress placement
factors

Random forest analysis is a classification method based on the construction of a
large number of decision trees (Breiman 2001). In order to assess which variable
splits (classifies) the data best, trees are constructed on the basis of random data-
and variable-subsets. Random forests are particularly useful to determine the
predictive value of a large set of variables and a small number of observations.
Compared with other statistical methods, random forests are more resistant to
overfitting and collinearity between predictors. Random forest analyses have only
recently been introduced into linguistics (Tagliamonte and Baayen 2012), and
more specifically into phonetics and phonology (e.g., Arnold et al. 2013; Baumann
and Winter 2018; Grafmiller and Shih 2011; Grice et al. 2015). The method is
promising as notions such as prominence, stress or phonological weight typically
correlate with a large number of acoustic and/or linguistic variables. Random
forests can help reveal underlying mechanisms of linguistic structure, by
providing powerful generalizations based on a relatively small set of field data. In

Table: Meannumber of embeddedwords perwordwhen ignoring stress (left), when considering
stress (mid), and the proportion of the latter (right).

All embeddings Stress-matched Proportion

Dutch . . .
English . . .
German . . .
Spanish . . .
Papuan Malay . . .

Data from Cutler et al. (), Cutler and Pasveer () and the current study.
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addition, predictors are allowed to be derivatives of each other, even if there is a
considerable degree of correlation among the predictors. For example, a variable
with five levels corresponding to all vowels in an inventory and a variable with two
levels only distinguishing low and high vowels from the same inventory can be
both included in the model without losing predictive accuracy (Strobl et al. 2008).
The predictive value of a certain variable in a random forest is expressed bymeans
of its variable importance. Although the variable importance values are affected by
correlation among predictors, their ranking relative to each other remains unaf-
fected. The absolute variable importance values are irrelevant, as they are
randomly generated (hence random forest). Thus, the interpretation of variable
importance generally relies on the relative differences between the respective
values (Shih 2013).

The selected subset of the PapuanMalay corpus for the random forest analysis
consisted of two-syllable words only, in order to obtain a homogeneous set; words
with one syllable (N = 46) or more than two syllables (N = 73) were relatively
infrequent. Thus, the representativeness of the corpus was compromised to a
minimal extent. An overviewof the number ofwords per lexical category is given in
Table 7. Note that words which translate to adjectives in English are expressed by
stative verbs in PapuanMalay. For example, /bε.ˈsar/ (‘big’ - litt. ‘be big’) is labeled
as verb in the corpus.

3.1 Predictors

Of interest to the current analysis are phonological factors that make a syllable
likely to be stressed. In this respect it is important to consider the abstract
phonological notions of sonority and weight. Sonority has been reported to be an
underlying principle of syllable structure, reaching its peak in the vocalic nucleus

Table : Distribution of word classes in the corpus.

Word class Count

V bi(valent) 

V mono stative 

V mono dynamic 

V(erb) other 

Adverb 

Noun 

Function word (all) 

Total 
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and its valley at the edge consonant(s). Perhaps the simplest phonetic correlate of
sonority is intensity, although the search for such a correlate shows that the
relation between the phonetics and the phonology of sonority is far more complex
than single correlates can explain (Parker 2002). Based on sonority scales, speech
sounds can be classified following a particular hierarchy, generally with vowels at
the top and obstruents at the bottom (e.g., Clements 1990). More sonorous sounds
often play amore decisive role in stress placement than less sonorous sounds, with
a sub-hierarchy assumed within sound classes. For example, vowels have been
reported to be more sonorous when they are peripheral and when their height is
low (Parker 2002, p. 27). While sonority is a phonological property generally
attributed to individual phonemes, it affects the status of the syllable in terms of
weight. In many stress languages the weight of the syllable is decisive for stress
placement, since heavier syllables generally attract stress more than light ones
(stress-to-weight principle). One criterion distinguishes light and heavy syllables
according to whether the syllable ends with a short vowel (light) or not (heavy),
i.e., the “Latin-criterion” in Ryan (2016). There are different criteria to distinguish
light from heavy syllables and it is open to discussion to what extent a strictly
binary division or more gradient scales of weight are needed to account for
crosslinguistic observations (Ryan 2016). Vowel nuclei (and therefore sonority) are
often most determining for weight-sensitive stress placement, although in some
languages the coda (and sometimes even the onset) of the syllable co-determines
its weight (e.g., Goedemans 1998; Gordon 2005; Hayes 1995; Ryan 2014). In the
current study of the phonological factors underlying Papuan Malay stress, it is
important, therefore, to consider the precise segmental make-up of the syllable. In
particular, it is crucial to note that /ε/ can be realized as schwa in Papuan Malay
(Kluge 2017), similar to other TradeMalay varieties (Paauw 2009). Schwa, themost
central vowel, has lower sonority compared to the other vowels in the vowel
inventory. The frequently reported role of /ε/ (or schwa) in Indonesian languages
as a reliable indicator of the presence of stress has been questioned (Goedemans
and Van Zanten 2014).

For the current analysis a set of predictors was chosen that potentially affect
syllable weight. Some of the predictors were derived from others. This was done to
test whether individual sounds (particular vowels or consonants) or rather
phonological classes of sounds predict stress placement better, as explained
above. The included predictors (in italics, IPA notations following Kluge 2017)
concerned structure in terms of consonantal and vowel segments, from which the
openness of the syllable and the actual segments in the onset, nucleus or codawere
derived. PapuanMalay has five vowels (/i, ε, a, ɔ, u/) and 17 consonants (stops: /p,
b, t, d, k, g/; affricates: /tʃ, dʒ/; nasals: /m, n, ŋ/; fricatives: /s, h/; rhotic: /r/;
approximants: /l, j, w/). The predictors manner of articulation and height were
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derived from the actual consonants and vowels respectively. Voicing of the onset
and constriction type of the coda were added as these have been reported as
possible contributors to syllable weight (e.g., Ryan 2014). Furthermore, recent
work showed a difference in f0 excursion size between functionwords and content
words, in that the former were smaller than the latter in phrase final positions
(Kaland and Baumann 2020). Although this difference applied to the phrase level,
potential implications for word prosody cannot be excluded based on these re-
sults. In fact, in some languages word class correlates with word stress placement
(e.g., in English Latinate pairs: ˈsubject (noun) and to subˈject (verb) form aminimal
stress pair; in Dutch and German a difference in stress correlates with
verbs with and without separable prefixes, e.g., in German ˈübersetzen – setzte
über – ˈübergesetzt ‘ferry someone across, inf., past, participle’ when stressed on
ˈüber; über ˈsetzen– über ˈsetzte– über ˈsetzt, ‘translate(d) inf, past, participle’when
stressed on the second part of the compound). Therefore, word classwas included
as predictor.

3.2 Statistical analysis

The analysis was done in R (R Core Team 2019) using the package “ranger” (Wright
and Ziegler 2017), which offers a computationally less intensive way to perform
random forests compared with packages such as “party” (Strobl et al. 2009a) or
“randomForest” (Liaw and Wiener 2002). The response variable in the random
forestwas stress location (2 levels: penultimate, ultimate). Thepredictors (in italics)
were syllable structure (6 levels: CCV, CCVC, CV, CVC, V, VC), onset (18 levels: /b, tʃ,
d, g, h, dʒ, k, l, m, n,ŋ, p, r, s, t, w, j/, no onset), nucleus (5 levels: /i, ε, a, ɔ, u/), coda
(12 levels: /j, k, l, m, n, ŋ, p, r, s, t, w/, no coda), openness (2 levels: open, closed),
manner of articulation in onset and coda (each 6 levels: plosive, fricative, nasal,
rhotic, approximant, none), height of the vowel nucleus (3 levels: open, mid, close),
voicing of the onset (3 levels: voiced, voiceless, no onset), constriction type of the
coda (3 levels: sonorant, obstruent, no coda), andword class (7 levels: see Table 7).
In addition, a control-predictor gloss (the English translation of each word) was
added. Gloss is not expected to be of anypredictive value and should thereforehave
a low variable importance. Therefore, variable importance values of other pre-
dictors that lie around or below the one of the control-predictor can be used as an
additional indication of which predictors do not affect the response variable at all.
Except for word class and gloss all predictors were included for both the first and
second syllable in the word (total: 22 predictors, see Table 8).

Lexical analyses of Papuan Malay word stress 157



The number of trees in the analysis was increased in steps of 1000, starting
from 1000 trees. The variable importance of the predictors reached a stable ranking
around 5000 trees. To obtain a robust result, the final number of trees was set to
10000 (Shih 2013). The number of randomly preselected predictors was set to the
square root of the total number of predictors in the analysis (√22), and variable
importance mode was set to “permutation”. These settings are recommended for
analyses with correlating predictors, following Strobl et al. (2008, 2009b).

The distribution analysis (Table 2) consisted of counts; 0 for each word with
penultimate stress and counting 1 for each word with ultimate stress. The pro-
portion of ultimate/penultimate stresseswas then calculated by taking themean of
all counts. The two analyses combined appeared particularly helpful to interpret
the variable importance values, as their absolute values are not indicative (Section
3.3).

Table : Overview of all  predictors (σ for respective syllables) in the random
forest analysis and their values for the example word /ˈbam.bu/ ‘bamboo’.

Predictor Value

 Syllable structure σ CVC
 Syllable structure σ CV
 Onset σ b
 Onset σ b
 Nucleus σ a
 Nucleus σ u
 Coda σ m
 Coda σ No coda
 Openness σ Closed
 Openness σ Open
 Manner onset σ Plosive
 Manner onset σ Plosive
 Manner coda σ Nasal
 Manner coda σ None
 Height nucleus σ Open
 Height nucleus σ Close
 Voicing onset σ Voiced
 Voicing onset σ Voiced
 Constriction coda σ Sonorant
 Constriction coda σ No coda
 Word class Noun
 Gloss Bamboo
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3.3 Results

Two factors stand out as predictors for the location of stress in Papuan Malay
(Figure 1): the nucleus in thefirst syllable and the height of the vowel nucleus in the
first syllable. Other predictors showed considerably lower variable importance
values, although the height of the vowel nucleus in the second syllable as well as
the nucleus of the second syllable appeared more predictive than the lowest
ranked ones. Given the hypothesized irrelevance of control predictor gloss (ranked
11/22), predictors with similar or lower ranking have little to no predictive value.
Indeed, from the fifth ranked predictor onwards the variable importance values
hardly vary (and yield 0) compared to higher ranked ones.

The highest ratio of ultimate stresses (0.63) was predicted by nucleus σ1
(Table 9). This appeared to be the result of /ε/ causing stress to move from default
penultimate to ultimate syllable (e.g., lemba /lɛm.ˈba/ ‘valley’). Height nucleus σ1
showed the highest ratio for mid vowels. This was again caused by only /ε/, as /ɔ/
was always stressedwhen it occurred in the first syllable (e.g., otak /ˈɔ.tɐk/ ‘brain’).
Lower predictive importance was found for height nucleus σ2 and nucleus σ2 (Ta-
ble 9), indicating that only a small amount of stress patterns could be predicted
based on the nucleus in the second syllable. The largest ratio of ultimate stress
cases was found when /a/ occurred in the second syllable, indicating that this
vowel attracts stress in a small number of cases (see discussion below on the
predictive strength of this factor). Note that /a/ is the only open vowel in Papuan
Malay, explaining why the predictors height nucleus σ2 and nucleus σ2 had similar
effects (Figure 1). The exact influence of vowel nuclei was further schematized in
Table 10. This table shows that /ε/ in the first syllable causes stress to shift to the

Figure 1: Variable importance plot with the predictors ranked from high (top) to low (bottom).
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ultimate syllable. A consistent exception to this rule, however, appears to be when
the ultimate syllable already consists of either /ε/ or /ɔ/ (e.g., pendek /ˈpɛn.dɛk̞/ ‘to
be short’; belok /ˈbɛ.lɔk/ ‘to turn’). In these cases, the ultimate stress ratios are
particularly low (Table 10). This result indicates that mid vowels in the second
syllable generally prevent a stress shift.

However, none of the predictors found by the random forest predicted the
stress distribution entirely. To analyze precisely how the different predictors work
phonologically, three criteria were formulated (Table 11). First, ultimate stress is
mainly found when /ε/ occurred in the first syllable, confirming Kluge (2017). The
three exceptions to this criterion are /ki.ˈtɔŋ/ ‘we/us, including adressee’,
/ku.ˈmur/ ‘rinse mouth’ and /kus.ˈkus/ ‘cuscus’, see also Kluge (2017; p. 96). Note
that /ki.ˈtɔŋ/ is short for /ki.ˈtɔ.raŋ/ (Kluge 2017; p. 326), which has penultimate
stress (from /ˈki.ta/ and /ˈɔ.raŋ/, litt. ‘us humans’). Re-evaluation of /kus.ˈkus/
showed that it could be analyzed as a Malay loanword (Scott 1896), indicating that
its inclusion in the corpus might not have been justified.

Table : Proportion of ultimate stress cases (N= ) as a function of the identity of the vowel in
the first (V) and second (V) syllable.

V V

/i/ /ε/ /a/ /ɔ/ /u/ Total

/i/    .  .
/ε/ . . . . . .
/a/      

/ɔ/      

/u/    .  .

Total . . . . . .

Table : Ultimate/penultimate stress ratio for the four most important predictors (italics) in the
random forest analysis (N = ).

Nucleus Height Nucleus σ Height nucleus σ Height nucleus σ Nucleus σ

/a/ Open   . .
/ε/ Mid . . . .
/ɔ/  .
/i/ Close . . . .
/u/ . .
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Second, 61 words had /ε/ in the first syllable and penultimate stress. From
these words, 36 had amid vowel (/ε/ or /ɔ/) in the second syllable. Five exceptions
to this criterion had ultimate stress, with /ε/ in the first syllable and amid vowel in
the second syllable; /tʃε.ˈrεj/ ‘to divorce’, /sε.ˈrεj/ ‘lemongrass’, /dʒε.ˈlεk/
‘be bad’, /dʒεm.ˈpɔl/ ‘thumb’, /sε.ˈdɔt/ ‘to suck’. Note that [εj] in /tʃε.ˈrεj/ and
/sε.ˈrεj/ is analyzed as the realisation of underlying /aj/ due to the liquid in the
onset of the second syllable (Kluge 2017, p.84). With /ε/ in the first syllable, un-
derlying /a/ could make the second syllable the preferred location for stress. The
status as native root of twomore words is doubtful. That is, /dʒεm.ˈpɔl/ is reported
as a loanword from Javanese/Sundanese (Haspelmath and Tadmor 2009) and
/sε.ˈdɔt/ is reported as a loanword from Javanese (Stevens and Schmidgall-Tellings
2010).

Third, the presence of an open vowel (/a/) in the second syllable increases the
likelihood of ultimate stress. However, from the words with /ε/ in the first syllable
and /a/ in the second syllable, only 65 had ultimate stress. Given that there were
108 ultimate stress cases in total (Table 11), the open vowel in the second syllable
did not predict stress placement as strongly as the first two criteria. In other words,
the open vowel in the second syllable was of minor importance and could only
explain a small additional number of stress cases after the main criteria were
applied. This result is reflected in the large variable importance difference between
the first two predictors and the lower ranked ones (Figure 1). For this reason, no
more criteria were formulated.

Table : Word counts after applying criterion that decreased the penultimate stress ratio/
increased the ultimate stress ratio (Table ).

Criterion N penultimate stress N ultimate stress Exceptions

Total   –

Nucleus σ = /ε/   /ki.ˈtɔŋ/
/ku.ˈmur/
/kus.ˈkus/

Height nucleus σ ≠ mid   /tʃε.ˈrεj, ε.ˈrεj/
/sε.ˈrεj/
/dʒε.ˈlεk, ε.ˈlεk/
/dʒε.ˈlεk, εm.ˈpɔl/
/sε.ˈdɔt/

Nucleus σ = /a/   …

Exceptions = ultimate stress cases not following the criterion.

Lexical analyses of Papuan Malay word stress 161



3.4 Conclusion

The results are best summarized by assuming that the default position of word
stress in Papuan Malay is the penultimate syllable and that mid vowels generally
reject stress. It is crucial, however, to note the difference in stress rejection between
/ε/ and /ɔ/.When the first syllable contains /ε/, stress shifts to the ultimate syllable
when the ultimate syllable does not contain amid vowel. This result indicates that
/ε/ rejects stress regardless of syllable position, although in 25 words the first
syllable was stressed and contained /ε/ while no mid vowel was found in the
second syllable. The occurrence of /ɔ/ in the first syllable did not cause a stress
shift; all words with /ɔ/ in the first syllable and nomid vowel in the second syllable
(N = 29) had penultimate stress. However, with /ɔ/ in the second syllable only three
out of 66 words had ultimate stress (/ki.ˈtɔŋ/, /dʒεm.ˈpɔl/, /sε.ˈdɔt/), which could
all be explained as phonological exceptions or loanwords. Thus, /ɔ/ only rejects
stress in the second syllable. This difference could be an indication of a stress
hierarchy within the vowel inventory of Papuan Malay. In this hierarchy, corner
vowels /i/, /a/ and /u/ can be stressed regardless of position, /ɔ/ can only be
regularly stressed (i.e., penultimate), whereas /ε/ should be avoided as stressed
regardless of position. In addition to themid vowels, /a/ was found to attract stress
to a limited extent, although it did not predict a stress shift.

The results are in linewith the literature on TradeMalaywith respect to the role
of /ε/ (schwa) in stress placement (Kluge 2017; Paauw 2008). Furthermore, the role
of /a/ as stress attractor is compatible with phonological accounts that distinguish
open and close vowels as more and less sonorous respectively (Kenstowicz 1997;
Selkirk 1984). Note, however, that the infrequently stressed mid vowels in Papuan
Malay cannot be explained on the basis of openness as main correlate of vowel
sonority. This wouldmean that /i/ and /u/ are poorer candidates for stress than /ε/
and /ɔ/, which is incompatible with the observations of this study. The results
rather indicate a difference in phonological status between corner vowels andmid
vowels in the Papuan Malay inventory.

The analysis has shown that random forests provide an insightful analysis of
which phonological factors play a role in stress placement. It is worth emphasizing
that without the complementary distribution analysis (Tables 9, 10, and 11), the
role of the predictorswould have been difficult to interpret. Moreover, the direction
of the effect of the most powerful predictors in the random forest analysis could be
understoodwhen interpreting the stress ratios. The predictive power of the random
forest model is particularly clear from the relatively small number of exceptions
with ultimate stress (N = 8) after applying the first two criteria in Table 11. In fact,
the analysis revealed that three of these words were loanwords, which should not
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have been included in the corpus. For another three words alternative explana-
tions could be found, indicating that their stress pattern did not violate the
phonological criteria (Section 3.3). As for the exceptions with penultimate stress
after applying the first two criteria listed in Table 11 (N = 25), we cannot provide
alternative explanations or additional criteria that explainwhy stress did notmove
to the ultimate syllable in these cases. Nevertheless, 25 of the 932 penultimate
stress cases and 8 of the 108 ultimate stress cases constitute less than four percent
of all words in the corpus. Additional phonological criteria could theoretically be
derived from the remaining highest ranked predictors in the random forest anal-
ysis, although these have the risk of generating more exceptions than explained
cases (Table 11, bottom row).

4 Discussion and conclusion

This study has shown that non-acoustic distribution analyses complement existing
acoustic research on stress in important ways. The primary aim for Papuan Malay
was to investigate whether stress patterns could facilitate word disambiguation.
Results showed support for this hypothesis. It has to be noted, however, that the
total number of embeddings found in this studymake up less than 15% of theword
list. This means that for maximally twice that percentage (roughly all embeddings
plus their carrier) there is a need for stress-based disambiguation. Thus, the
segmental information is sufficient to recognize themajority (>70%) of the Papuan
Malay words. The relative frequencies of embeddings in the other languages dis-
cussed here is unavailable. However, for these languages too it is expected that
prosodic cues are of secondary importance for word recognition compared to
segmental cues.

Although it remains to be tested perceptually how vowel quality affects stress
judgments in Papuan Malay (Section 1), the random forest analysis was able to
shed new light on the role of /ε/ (Section 3). This analysis confirmed that /ε/ in
PapuanMalay indeed determinesmost of the patterns by rejecting stress. A crucial
additional insight concerned /ɔ/, the other mid vowel in the inventory. It was
shown that this vowel rejects stress in ultimate position, which indicates that the
role of /ε/ in Papuan Malay stress might not be so unique as acoustic results have
suggested (see Section 1). Rather, stress placement seems to follow phonological
principles such as the sonority hierarchy, with an important distinction between
corner vowels andmid vowels. In this respect it is worth noting that themid vowels
were the least frequent vowels in the Papuan Malay syllables analyzed in Kaland
(2019). In addition, a shifted stress (to ultimate position) only occurred on the three
corner vowels (Kaland 2019: Table 2a). It seems likely, therefore, that the
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phonological class of mid vowels are avoided as stressed nuclei, if possible.
Stressed mid vowels would appear only when the segmental structure offers no
alternative, i.e., when there are only mid vowels in the word. These infrequent
cases might therefore explain why the acoustic realization of stress is particularly
weak or atypical (Section 1.2). The acoustic effects of stress on mid vowels thus
seem tomainly reflect their weak position in the sound inventory of PapuanMalay,
with differences among them in the way they reject stress.

Concerning the controversy of word stress claims in Indonesian languages this
study has provided newdata in support of the stress claim for PapuanMalay. Given
the acoustic and perceptual support (Kaland 2019, 2020) and the disambiguation
function reported in the present study, it seems that word stress in PapuanMalay is
at least as functional as in English,which is uncontroversially a stress-language. In
addition, the outcomes strongly suggest that Papuan Malay stress placement fol-
lows phonological principles that apply to the syllable structure of words. This
limits the options to maintain the claim that Papuan Malay is a language without
word stress, or to interpret word prosodic patterns as reflexes of phrase prosody
(e.g., Van Zanten et al. 2010), although it is likely that both levels interact (Kaland
and Baumann 2020). In this respect, Papuan Malay appears different from Am-
bonese Malay, which has been claimed to not have word stress at all (Maskikit-
Essed and Gussenhoven 2016). The present study therefore reconfirms that
regional variation, even among closely related languages, is an important factor
(Goedemans and Van Zanten 2007). Note, however, that the type of analysis of
Papuan Malay and Ambonese Malay fundamentally differ, plausibly affecting the
conclusions drawn so far (see Section 1.2 for a discussion). A major difference
concerns the availability of several acoustic, perceptual and (in this paper) lexical
analyses for Papuan Malay, whereas stress in Ambonese Malay has only been
investigated in a small number of studies and with an acoustic analysis on data
from a small number of speakers. For a more thorough comparison stress in other
Trade Malay varieties, including Ambonese Malay, should be studied using a
variety of empirical methods that crucially go beyond acoustic investigations and
the presence of minimal pairs, as aimed for in the current paper.

The outcomes of this study alone do not allow to answer whether Papuan
Malay has word stress or not, although the results are predominantly compatible
with an affirmative answer. Rather, this study primarily provided complementary
insights into the lexical status of Papuan Malay word prosody. More research is
needed and a plausible outcome is that the nature of word stress found in this
language crucially differs from the one found in other languages, as hinted at in the
comparisons between Papuan Malay, Spanish and English discussed in the pre-
vious sections. For example, it should be investigated perceptually whether native
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listeners can indeed use the acoustic cues to make lexical decisions. Answering
these types of questions is left for future work.
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