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ABSTRACT

The current study investigates the phonological
factors that determine the location of word stress in
Papuan Malay, an under-researched language
spoken in East-Indonesia. The prosody of this
language is poorly understood, in particular the use
of word stress. The approach taken here is novel in
that random forest analysis was used to assess which
factors are most predictive for the location of stress
in a Papuan Malay word. The random forest analysis
was carried out with a set of 17 potential word stress
predictors on a corpus of 1040 phonetically
transcribed words. A complementary analysis of
word stress distributions was done in order to derive
a set of phonological criteria. Results show that with
two phonological criteria the stress location for
almost all words in the corpus could be explained.

Keywords: word stress, Papuan Malay, prosody,
phonology, random forest.

1. INTRODUCTION

Little is known about the prosody of Papuan Malay
and recent research has only begun to investigate
this language empirically. An elaborate grammar as
the result of years of fieldwork is to date the most
comprehensive description [11]. Many languages in
Indonesia are only described in grammars and often
subject to impressions of (Western) authors.
Therefore, more empirical research is needed to
advance our understanding of the variation in
Indonesian languages and beyond. As for Papuan
Malay, its prosody is not yet fully understood. For
example, prosodic prominence is reported as
irrelevant concept at the phrase level [19], although
there are clear acoustic differences supporting the
difference between stressed and unstressed syllables
([91.[120]). A novel statistical approach is reported
here to reveal the extent to which phonological
factors play a role in word stress placement.

Word stress in Papuan Malay occurs mostly on
the penultimate syllable, except when this syllable
contains /¢/ [11]. For example, in /te.'kan/ (‘t0
press’) stress moves to /kan/ because /¢/ could
reduce to schwa, which cannot be stressed. Thus, in
['tu.kan/ (‘craftsman’) stress occurs on the default
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penultimate syllable. This distribution makes Papuan
Malay similar to other Trade Malay varieties [16]
where stress has been reported to be mostly
penultimate; e.g. Manado [25], Kupang [23],
Larantuka [12] and the North Moluccan varieties
Tidore [30] and Ternate [14]. Similarly, varieties of
Indonesian have been analysed as having
penultimate stress. Work on Indonesian has shown
the importance of distinguishing language varieties.
Where Toba Batak listeners rated manipulated stress
cues as less acceptable when these did not occur on
the penultimate syllable, Javanese listeners had no
preference whatsoever [4].

As for the Trade Malay varieties, Ambonese
appeared to not make use of word stress [15],
counter to earlier claims [29]. That is, in an acoustic
analysis and a re-analysis of the vowel inventory,
allegedly minimal stress pairs turned out to be rather
segmentally different. Recent work on Papuan
Malay, however, found consistent acoustic support
for the word stress claims in duration, formant
displacement and spectral tilt ([9],[10]). Substantial
differences between the Trade Malay varieties are
likely, given that they are spoken in areas far apart
from each other. Thus, since the contact with Malay
in periods of trading, the different varieties
underwent their own developments. Papuan Malay
in particular can be considered a relatively young
Trade Malay variety, which originated from
Ambonese Malay possibly around the fifteenth
century. Papuan Malay mainly started spreading to
larger areas in (West-)Papua during the colonial
period in the second half of the 18" century [11].

Although there is acoustic evidence for regular
penultimate stress in Papuan Malay ([9],[10]), more
research is needed on the phonological nature of
word stress. In particular, the exact role of /¢/ in
stress distributions is unclear. As noted in [11], /e/
“does not condition ultimate stress”. Among the
words which have /¢/ in the penultimate syllable
more than a third has penultimate stress.
Nevertheless, in almost all words with ultimate
stress (~10% of the Papuan Malay words in [11]), /e/
appears in the penultimate syllable. Therefore, the
current study explores whether there are more
factors that affect the mobility of stress in Papuan
Malay. By analysing phonological properties of
syllables, the role of word stress in the prosody of



Papuan Malay can be better understood. This
investigation is carried out using a random forest
analysis and a distribution analysis.

Random forest analysis is a classification method
based on the construction of a large number of
decision trees [3]. 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 to other
statistical methods, random forests are better able to
account for overfitting and collinearity between
predictors. Random forest analyses have only
recently been introduced into the field of linguistics
[28], and phonetics and phonology (e.g. [5], [1], [6],
[2]). The method is promising as notions such as
prominence, stress or phonological weight tend to
correlate with a large number of acoustic and/or
linguistic variables. Random forests could help to
reveal underlying mechanisms of linguistic
structure, by providing powerful generalizations
based on a relatively small set of data from the field.
The predictive value of a certain variable in a
random forest is expressed by means of variable
importance. The absolute variable importance values
are irrelevant, as they are randomly generated (hence
random forest). Therefore, the interpretation of
variable importance generally relies on the relative
differences between the respective values [22].

A random forest analysis is carried out in the
current study to investigate which factors determine
the mobility of word stress in Papuan Malay. The
following sections report how this analysis was
carried out (section 2), which phonological criteria
could be derived (section 3) and how the results can
be interpreted (section 4).

2. METHODS

In addition to the random forest analysis a
distribution analysis of word stress location was
done. Both were performed on a corpus of Papuan
Malay words. The distribution analysis allows to
assess how well the most predictive factors divide
the corpus into penultimate and ultimate stress.

2.1. Corpus

The corpus in [11] provided phonetic transcriptions
of spoken Papuan Malay words, including
indications of word stress, word class and English
gloss. No frequency data was available for the words
in the corpus. For the purposes of this study, only
words classified as Papuan Malay roots were
selected (Appendix A.1, [11]), excluding the large
number of loanwords in this language. In this way,
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potential influences from stress patterns originating
from other languages were avoided. Furthermore,
the corpus consisted of two-syllable words only 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 overview of the number of words per word class
is given in Table 1. Note that words which translate
to adjectives in English are expressed by stative
verbs in Papuan Malay. For example, /be.'sar/ (‘big’
- litt. “be big’) is labelled as verb in the corpus.

Table 1: Distribution of word classes in the corpus

Word class Count Word class Count
V(erb) other 7 Adverb 32

V bi(valent) 341 Noun 355
V mono stative 205 Function (all) 49

V mono dynamic 51 Total: 1040

2.2. Predictors

Of interest to the current analysis are phonological
factors that make a syllable likely to be stressed.
From the literature /e/ is known to be realized as
schwa in Trade Malay varieties [16]. As for its
phonology, schwa has lower sonority compared to
most other vowels. Indeed, analyzing syllables in
terms of their sonority levels can explain stress
placement crosslinguistically (e.g. [17]). Also
syllable structure can affect the sonority of a
syllable. Although vowel nuclei are often most
determining, in some languages the onset or coda of
the syllable affect its sonority (e.g. [8]).

Therefore, in the current study a set of predictors
was chosen (in italic) that potentially affect syllable
sonority. These included the syllable structure in
terms of consonantal and vowel segments, from
which the openness of the syllable and the actual
segments in the onset, nucleus or coda were derived.
Papuan Malay has five vowels (/a/, /¢/, /a/, /i/ and
{uf) and 17 consonants (stops: /p/, /b/, It/, [d/, Ik, Ig/;
affricates: /tf/, /d3/; nasals: /m/, /n/, /y/; fricatives:
Isl, Ihl; rhotic: /r/; approximants: /I/, /jl, Iwl). The
predictor manner of articulation was derived from
the actual segments, with plosives at the low end and
open vowels on the high end of the sonority scale.
Furthermore, word class was included which in
some languages correlates with word stress
placement (e.g. in English: “permit” (noun) and “to
permit” (verb) form a minimal stress pair).

2.3. Statistical analysis

The analysis was done in R [18] using the package
“ranger” [31], which offers a computationally less



intensive way to perform random forests compared
to packages such as “party” [26] or “randomForest”
[13]. The response variable in the random forest was
stress location (2 levels: penultimate, ultimate). The
predictors were syllable structure (6 levels: CCV,
CCVC, CV, CVC, V, VC), onset (18 levels: /b/, /tf/,
/dl, 1gl, I/, 1ds/, ki, N, il ind, il Ipl, I, Tl It
/wi/, /j/, no onset), nucleus (5 levels: /a/, /¢/, /i/, /al,
/ul), coda (12 levels: /j/, /k/, /\/, /m/, /n/, y/, Ip/, /1/,
/sl, It/, Iwl, no coda), openness (2 levels: open,
closed), manner of articulation in onset/coda (6
levels: plosive, fricative, nasal, rhotic, approximant,
no onset/coda), manner of articulation in nucleus (3
levels: open, mid, close) and word class (7 levels:
see Table 1). In addition, a control-predictor gloss
(the English translation of each word) was added.
Gloss is not expected to be of any predictive value
and therefore should have a low variable
importance. Except for word class and gloss all
predictors were included for both the first and
second syllable in the word (total: 18 predictors).

The number of trees in the analysis was increased
in steps of 1000, starting from 1000 trees. The
variable importance of the factors reached a stable
ranking around 5000 trees. To obtain a robust result,
the final number of trees was set to 10000 [22]. The
number of randomly preselected predictors was set
to the square root of the total number of predictors in
the analysis (V18), following the method in [27].

The distribution analysis (Table 2) consisted of
counts; 1 for each word with penultimate stress and
counting O for each word with ultimate stress. The
ratio of penultimate/ultimate stresses was then
calculated by taking the average of all counts. The
two analyses combined appeared particularly helpful
to interpret the variable importance values, as their
absolute values are not indicative (section 1).

3. RESULTS

Two factors stand out as predictors for the location
of stress in Papuan Malay (Figure 1): the nucleus in
the first syllable (nucleus_1) and the manner of
articulation of the nucleus in the first syllable
(nucleus_MAN_1). Other predictors showed
considerably lower variable importance values,
although the manner of articulation of the nucleus in
the second syllable (nucleus_MAN_2) as well as the
nucleus of the second syllable (nucleus_2) appeared
more predictive than the lowest ranked ones. Given
the hypothesized irrelevance of control predictor
gloss (ranked 12/18), predictors with similar or
lower ranking have little to no predictive value.
Indeed, from the fifth ranked predictor (w_class)
onwards the variable importance values hardly vary
(and yield 0) compared to higher ranked ones.
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Figure 1: Variable importance plot with the
predictors (1 for first syllable, 2 for second
syllable) ranked from high (top) to low (bottom).

Table 2: Penultimate/ultimate stress ratio for the
four most predictive factors in the random forest
analysis (n = nucleus, MAN = manner of
articulation, 1 = first syllable, 2 = second syllable).
n MAN nl1 nMAN1 nMAN2 n2

fal  open 1.00 1.00 .86 .86

e/ . .37 .94
mid 57 .95

/ol 1.00 .95

fil .99 .93
close .99 .92

lu/ .99 .90

The predictor nucleus in the first syllable showed the
lowest ratio of penultimate stresses for /¢/ (Table 2).
All other vowel nuclei in the first syllable were
mostly stressed. Manner of articulation of the
nucleus in the first syllable showed the lowest ratio
for mid vowels. This was a reflection of the effect of
/e/, as stress was always penultimate when /o/ was
the nucleus of the first syllable. Note however, that
/3/ occurs in only 11% of the words in the corpus
[11]. Thus, the variable importance of manner of
articulation was mainly a reflection of the effect of
/e/ rather than /o/. As for the ratios of manner of
articulation of the nucleus in the second syllable, the
lowest ratio of penultimate stress cases was obtained
for open vowels. The highest ratio obtained for mid
vowels indicates that stress was mostly penultimate
when the nucleus of the second syllable was a mid-
vowel. Note that /a/ is the only open vowel in
Papuan Malay, explaining why nucleus_ MAN_2
and nucleus_2 had similar effects (Figure 1).

To phonologically explain the ultimate stress
cases, three criteria were formulated (Table 3). First,
ultimate stress is mainly found when /¢/ occurred in
the first syllable, confirming [11]. The three
exceptions to this criterion are /ki.'ton/ (1 pl.),
/ku.'mur/ (‘rinse mouth’) and /kus.'kus/ (‘cuscus’),



see also [11] (p. 96). Note that /ki.'ton/ is short for
/ki.'ta.rar/ ([1], p. 326), which has penultimate stress
(from /'ki.ta/ and /'o.ran/, litt. ‘us humans’). Re-
evaluation of /kus.'kus/ showed that it could be
analysed as Malay loanword [20], indicating that its
inclusion in the corpus might not have been justified.

Table 3: Word counts after applying criterion that
decreased the penultimate stress ratio / increased
the ultimate stress ratio (Table 2). Exceptions =
ultimate stress cases not following the criterion.

Criterion Penult ~ Ult Exceptions
Total 932 108 -
n_1=/¢/ 61 105  /ki.'"ton/
/ku.'mur/
/kus.'kus/
n_MAN_2#mid 25 100  /tfe'rj/
/se.'rej/
/dze.'lek/
/dzem."pol/
/sg.'dot/
n_2=/al 16 65

Second, 61 words had /¢/ in the first syllable and
penultimate stress. From these words, 36 had a mid-
vowel (/e/ or /o/) in the second syllable. Five
exceptions to this criterion had ultimate stress, with
/e/ in the first syllable and a mid-vowel in the second
syllable;  /tfe.'rgj/  (‘to  divorce’),  /se.'rgj/
(‘lemongrass’), /dze.'lek/ (‘be bad’), /dzem.'pol/
(‘thumb’), /se.'dot/ (‘to suck’). Note that [gj] in
/tfe.'rej/ and /se.'rej/ is analysed as realisation of
underlying /aj/ due to the liquid in the onset of the
second syllable ([11], p.84). With /¢/ in the first
syllable, underlying /a/ could make the second the
preferred syllable for stress. The status as native root
of /dzem.'pol/ and /se.'dot/ is doubtful, given their
report as Javanese/Sundanese loanwords ([7],[24]).

Third, the presence of an open vowel (/a/) in the
second syllable increases the likelihood of ultimate
stress. However, from the words with /¢/ in the first
syllable and /a/ in the second syllable, 65 had
ultimate stress. Given that there were 108 ultimate
stress cases in total (Table 3), 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).

4. DISCUSSION

The results are best summarized by assuming that
the default position of word stress in Papuan Malay
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is the penultimate syllable. When the penult contains
/¢/, stress shifts to the ultimate syllable only when
the ultimate does not contain a mid-vowel. This
result indicates that /e/, and in the ultimate syllable
also /o/, generally reject stress, although 25 words
had stress on a penultimate syllable that contained
/e/. Furthermore, /a/ attracted stress to a limited
extent, although it did not predict a stress shift.

The results are in line with the literature on Trade
Malay with respect to the role of /¢/ (schwa) in stress
placement ([11],[16]). 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 [21]. 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. The
results rather support a minimal and universally
adopted version of the sonority hierarchy [17].

This study has shown that random forests provide
an insightful analysis of which phonological factors
play a role in stress placement. It is worth stressing
that without the complementary distribution analysis
(Table 2), the role of the predictors was difficult to
interpret. Moreover, the direction of the effect of the
most predictive factors in the random forest analysis
could be understood when interpreting the stress
ratios. The predictive power of the random forest
analysis is particularly clear from the relatively
small number of exceptions with ultimate stress (N =
8) after applying the first two criteria in Table 3. In
fact, the analysis revealed that three of these words
were loanwords, which should not have been
included in the corpus. For another three words
alternative explanations could be found, indicating
that their stress pattern was not necessarily counter
to the phonological criteria (section 3). As for the
exceptions with penultimate stress after applying the
first criteria (N = 25), we cannot provide alternative
explanations or additional criteria that explain why
stress did not move 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. Although additional phonological criteria
could theoretically be derived from the remaining
highest ranked predictors in the random forest
analysis, these have the risk of generating more
exceptions than explained cases (Table 3).
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