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Acoustic correlates of stress in Besemah

Bradley MCDONNELL

University of Hawai‘i at Manoa

The present study investigates the location and acoustic correlates of stress in Besemah, a
Malay isolect of southwest Sumatra. While a number of studies have shown that other well-
known varieties of Malay do not show evidence of word-level stress, the present study is a
first attempt at discovering whether Besemah shows evidence of word-level stress and if so
what acoustic properties are associated with the stressed syllable. Results indicate that stress
is realized on the ultima with a raised fundamental frequency, greater intensity, and longer
duration. The study further investigates these results by looking at additional intonational ev-
idence from naturalistic speech to better understand the interaction between word-level stress
and phrase-level prominence. The present study adds to the current typology of prominence
systems, demonstrating that Besemabh is not on a par with other Malay varieties.

1. Introduction!

Phonetic investigations of individual languages over the past half-century have uncovered
a fairly well-defined set of acoustic properties that are associated with stress. Acoustic
measures, such as intensity, fundamental frequency, duration, and vowel quality, have
been correlated with stress in an areally and genetically diverse group of languages,
including English (Fry 1955, 1958), Tagalog (Gonzalez 1970), Mohawk and Oneida
(Michelson 1988), Thai (Potisuk et al. 1996), Piraha (Everett 1998), Chickasaw (Gordon
2004), Turkish (Levi 2005), St’at’imcets (Caldecott 2007), South Conchucos Quechua
(Hintz 2006), and Turkish Kabardian (Gordon & Applebaum 2010) among others.

More recently, phonetic investigations have noted the importance of interactions between
different domains of prominence at the word-level (e.g., stress) and the phrase-level (e.g.,
accent) when identifying acoustic correlates. Phrase-level prominence is concerned with
prosodic units above the word that include larger units (e.g., Intonational Phrase) and
smaller units (e.g., Accentual Phrase). In the autosegmental-metrical (AM) framework,
phrase-level prominence is treated phonologically with discrete (H)igh and (L)ow tone
targets that are either pitch accents (e.g., H*, L*, H*+L, L*+H) that serve a semantic or
pragmatic marking function or pitch excursions at the phrase edge (or boundary tones,
e.g., H%, L%, HL%, LH%) that serve a delimitive function (Ladd 2008). In a number of
languages, there is a clear interaction between word- and phrase-level stress, but there are
also languages that lack word-level stress altogether (Gordon 2014). Examples of such
languages are found in well-known languages like French (Jun & Fougeron 2000, 2002)
and Korean (Jun 1998, 1996) where prominence is realized in the domain of the Accentual
Phrase and not the word. However, it is often difficult to tease apart word- and phrase-
level prominence in languages lacking word-level stress. This difficulty arises because
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the acoustic data are often based on recorded wordlists that are made up of words in
isolation, thereby conflating word- and phrase-level phenomena. Shona, a Bantu language
of Zimbabwe, exemplifies this confusion quite clearly. For example, an early report in
Doke (1931) states that word-level stress is marked by a phonetically longer penult, while
a later study by Fortune (1980) proposes that penultimate lengthening is most likely a
phrase-level phenomenon. Recent phonological studies have cited both sources (e.g.,
Downing (2004, 2010) cites the former, while Beckman (1997) cites the latter). While all
studies agree that prominence is realized by penultimate lengthening, there has been no
in-depth phonetic study to determine whether Shona prominence operates at a word-level,
a phrase-level, or an interaction between word- and phrase-level (cf. Hyman 2014).

One particularly controversial case with which there have been a number of phonetic
studies is standard varieties of Malay-Indonesian. The prevailing opinion expressed in
traditional descriptions of these varities, based on impressionistic judgements, states that
word-level stress falls on the penultimate syllable unless the penult contains a schwa,
in which case stress falls on the final syllable (Macdonald & Darjowidjojo 1967; Mintz
1994; Wolft 1986). This characterization harkens back as far as van Wijk (1883) and
has been adopted in the theoretical phonological literature on stress (Cohn 1989, 1993;
Cohn & McCarthy 1998). This fixed position view of word-level stress in Indonesian
has been supported by acoustic phonetic studies in Laksman (1994) and Adisasmito-
Smith & Cohn (1996). Adisasmito-Smith & Cohn (1996) find that word-level penulti-
mate stress correlates with greater intensity and a higher fundamental frequency, while
Laksman (1994) finds that a higher fundamental frequency is the only clear correlate of
stress. Like Adisasmito-Smith & Cohn, Laksman finds that stress falls on the penultimate
syllable, but, unlike Adisasmito-Smith & Cohn, she found that schwa does in fact take
stress. Neither study, however, takes phrase-level prominence into account.

Others have questioned the status of word-level stress in Malay-Indonesian. Fokker
(1895), for instance, states that ‘Malay accent is not to be identified with that in En-
glish, German or Dutch. A peculiar feature of it is its lack of stress’ (97). Halim (1981)
presents the first acoustic analysis of Standard Indonesian prominence where words in
phrase-final position behave differently than words in phrase-medial position. He finds
that prominence marked by a higher fundamental frequency and longer duration falls on
the final syllable in words in utterance-medial position and on the penultimate syllable in
words in utterance-final position. Halim concludes that “[t]he placement of [word] ac-
cent is a function of the structure of the intonation pattern in which the accent occurs”
(122). More recently, there has been a surge in experimental production and perception
studies of word- and phrase-level prominence in Indonesian, all of which point to a lack
of word-level stress in Standard Indonesian (van Zanten 1994; Ebing 1997; van Zanten &
van Heuven 1998; van Zanten et al. 2003; van Zanten & van Heuven 2004; Goedemans &
van Zanten 2007). For instance, van Zanten & van Heuven (1998), in a gating perception
experiment, find that ‘[s]tress position ... plays no role in word identification in Indone-
sian’ (141), and van Zanten et al. (2003) find that Standard Indonesian listeners reported
stressed syllables acceptable no matter which syllable within a word is more prominent.?

2 More specifically, the gating task in van Zanten & van Heuven (1998) played portions of words with
different stress patterns (e.g., anak ‘child’ with stress on the first syllable, anaknya ‘his child’ with stress on
the second syllable, and anak-anak ‘children’ with stress on the third syllable) in two different passes (e.g.,
the first pass played the first syllable and the second pass played the first two syllables). The words were
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Van Heuven & Faust (2009) even find that Standard Indonesian learners of Dutch are in-
sensitive to narrow-focus contrasts at the sub-word level in Dutch, which again suggests
that Standard Indonesian lacks word-level stress.

Only recently, however, has influence from substrate languages on Standard Indonesian
been taken into account in phonetic studies of stress.> Preliminary evidence from Goede-
mans & van Zanten (2007) suggests that substrate languages have a considerable effect on
the realization of word-level stress in Standard Indonesian. In the first stage of their exper-
iment, Goedemans & van Zanten compare the pronunciation of speakers of Toba Batak,
a rather different language of northern Sumatra with contrastive stress, and the pronun-
ciation of speakers of Javanese, a language of Java with no apparent word-level stress.
They find that Toba Batak speakers regularly mark word-level stress in Standard Indone-
sian on the penultimate syllable with higher fundamental frequency, increased loudness,
and longer duration, and Javanese speakers mark prominence on either the penultimate or
final syllable in Standard Indonesian. This leads Goedemans & van Zanten to conclude
that Toba Batak speakers of Standard Indonesian mark word-level stress, but Javanese
speakers of Standard Indonesian do not. In a subsequent pairwise-comparison perception
experiment, Goedemans & van Zanten find that while Toba Batak speakers rated only the
penultimate stress of other Toba Batak speakers acceptable, speakers of both Javanese and
Toba Batak rated the variable stress pattern of Javanese speakers acceptable. Goedemans
& van Zanten (2007) conclude ‘the fact that [Toba Batak] speakers ...do accept final as
well as pre-final prominence, indicates to us that they enter a different “mode” when lis-
tening to a group of speakers that defines (through group size, but also greater influence
in politics and the media) the most common form of Indonesian’ (54). This fascinating
finding raises a number of questions about the complexity of word-level stress in Stan-
dard Indonesian, one that can hardly be answered without understanding more about the
interaction between Standard Indonesian and substrate languages of Indonesia.

While Standard Indonesian in all of its sociolinguistic complexity has received a lot of
attention, there are a large number of Malay isolects that have received far less atten-
tion by scholars. Based on impressionistic judgements of Malay isolects, Prentice (1994)
posits a broad split between western Indonesian varieties of Borneo, Sumatra, and the
Malay Peninsula that mark stress on the final syllable and eastern Indonesian varieties of
Java, Sulawesi, and the islands to the east that mark stress on the penultimate syllable.
However, in Betawi Malay, a Malay isolect spoken in and around Jakarta on Java, the
results do not follow Prentice’s generalization, but pattern closely to Standard Indonesian
speakers of Javanese in Goedemans & van Zanten’s study. Again, their finding suggests
that Betawi Malay lacks word-level stress (van Heuven et al. 2008). The question, then,
becomes are Standard Indonesian and Betawi Malay, which lack word-level stress repre-
sentative of other varieties of Malay? Or will other varieties of Malay not spoken in and
around urban centers conform to the generalization of Prentice (1994)? To test whether

embedded in a carrier sentence. Indonesian listeners were asked to choose one of the three choices after
listening to each pass (i.e., after listening to first syllable, then after listening to the first two syllables).

3 The sociolinguistic contexts of Indonesia are varied and are generally complex. Standard Indonesian
is the language of the government and education and as such is primarily learned as a second language.
In major cities around Indonesia, there are large regional varieties of colloquial Indonesian (e.g., Jakarta
Indonesian, Riau Indonesian) that differ significantly from Standard Indonesian and from each other (Gil
1994). For an overview of the sociolinguistic context in Indonesia see Sneddon (2003).
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a lack of word-level stress can be extended to other varieties of Malay, the present study
will address the following questions for Besemah, an under-described Malay isolect of
southwest Sumatra.

1. Is stress, which, based on the judgements of the author, impressionistically falls
on the ultimate syllable of the word, regularly associated with all or any of the
traditional acoustic correlates of stress (e.g., intensity, duration, fundamental fre-
quency)?

2. Is the domain of stress the word or some larger prosodic unit such as the Accentual
Phrase or the Intonation Phrase?

The paper is split into two parts. The first part investigates elicited lexical items to dis-
cover whether the location of stress is associated with one or more acoustic correlates.
The second part of the study, then, further investigates the acoustic results of the first
part with additional intonational evidence from naturalistic speech to understand the in-
teraction between word- and phrase-level prominence. By addressing these questions, the
present study will add to the current typology of prominence systems, ultimately show-
ing that Besemah is not on a par with Standard Indonesian and Betawi Malay, which
lack word-level stress. Rather, the results support the conclusion that Besemah evinces
word-final stress, which correlates with a higher fundamental frequency and increased in-
tensity. Finally, an equally important component of this study is to provide a description
of a heretofore undocumented prosodic system among a plethora of Malay isolects that
have received very little linguistic documentation.

2. Background

Besemah is a Malay isolect spoken by some 400,000 people in the highlands of south-
west Sumatra (Gordon 2005).* While Besemah demonstrates many of the features typi-
cal of Malay isolects, it differs from the more well-known Standard Indonesian in many
respects. First, Besemah has a very different sociolinguistic status than Standard Indone-
sian. As was mentioned in the previous section, Standard Indonesian is typically learned
as a second language by a diverse group of speakers of various local languages through-
out Indonesia. Thus, Standard Indonesian phonology is affected by the substrate lan-
guage (van Zanten & van Heuven 1984; van Zanten 1986; Goedemans & van Zanten
2007; Prentice 1990). Besemah, on the other hand, is a basilectal variety, acquired as a
first language by a rather homogenous group of speakers. In classifying these differences
along sociolinguistic lines, Adelaar & Prentice refer to the prior as ‘Literary Malay’ (i.e.,
‘products of the literary Malay tradition’ (1996: 202)) and the latter as a ‘Vernacular
Malay’, which they define as a variety of Malay ‘spoken in traditionally Malayic speech
communities and appear to be regularly inherited from Proto-Malayic’ (203). As is the
case with many of the Malay isolects of Sumatra, Besemah has received little scholarly
attention. The earliest study of Besemah phonology is a short description of the phonol-
ogy in a Besemah-Dutch dictionary from the Dutch Colonial period by Helfrich (1904).
Additionally, the author has published a treatment of the historically conservative vowel

4 Besemah is a part of a complex dialect cluster that I refer to as South Barisan Malay. South Barisan Malay
is not mutually intelligible with Standard Indonesian or other Malay isolects of Indonesia (McDowell &
Anderbeck 2008). These isolects have been recently conflated in the most recent version of the Ethnologue,
under the name Central Malay (Lewis 2009).
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system from an Austronesian perspective (McDonnell 2008) and contributed to a phonetic
treatment of Besemah central vowels as a part of a larger study on the sonority of central
vowels (Gordon et al. 2012).

While there are no previous studies devoted to Besemah prosody, Helfrich, in his section
on Besemah phonology, describes stress in the following way, ‘[t]he accent is, in contrast
to the one in Malay, quite strong and falls on the penultimate syllable, even in derived
words. ... However, if the penultimate syllable has the atonic “o” and if it is not closed
then the accent falls on the ultimate syllable’ (1904: 200).°> Helfrich’s description of
Besemah stress does not follow the impressionistic judgements of the author according
to which stress falls on the ultima.® With little in the way of phonetic and phonological
description, the following section presents a basic description of the segmental inventory,
phonotactics, and segments that may affect stress assignment.

2.1 Consonants

The consonant phoneme inventory of Besemah, in many respects, represents a rather
typical inventory for a Malay isolect. The only difference between Besemah and other
varieties of Malay is the additional contrast between the voiced velar fricative /y/ and
the alveolar trill /r/ (e.g., the minimal pair /yagi/ ‘yeast’ and /ragi/ ‘color’) (cf. Adelaar
1992; McDonnell 2008). Besemah has 21 consonant phonemes shown in Table 1.

Table 1. Besemah consonants

Bilabial Alveolar Post-alveolar Palatal Velar Glottal

Stop p b t d k g ?
Nasal m n n ||
Tap/Trill t/r

Fricative S y h
Affricate i) &

Approximant w j

Lateral 1

2.2 Vowels

The vowel phoneme inventory of Besemah is historically rather conservative, with only
three vowel phonemes as opposed to the five in Standard Indonesian.” Allophonic vari-
ation in Besemah vowels largely depends on two factors, (1) on the presence or absence
of a coda consonant and (2) the position within in the word. The following generaliza-
tions account for allophonic variation in Besemah. The high front vowel /i/ lowers to [1]
in the ultimate syllable when it is closed by any coda consonant. On the other hand, the
high back vowel /u/ lowers to [u] in the ultimate syllable when followed by a suprala-
ryngeal coda consonant and to [0o] when followed by a laryngeal consonant. This sub-

5 Thank you to Bram Vertommen for providing the translation.
6 This discrepancy could also be attributed to a change in Besemah prosody over the last century.

7 The three vowel phoneme inventory reflects that of Proto-Malayic, which has been reconstructed with
the same three vowel phonemes (Adelaar 1992).
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and supralaryngeal lowering effect does not generalize to all speakers. Of the four male
and four female speakers considered here, all of the male speakers show evidence of two
vowel qualities, [v] and [o], but only one female speaker shows evidence of two differ-
ent vowel qualities. Additionally, when /a/ occurs word- or root-finally, it raises to [i].
Finally, there is an epenthetic vowel [9], referred to as the pepet vowel by many Aus-
tronesianists that is restricted to the penultimate syllable and only occurs between two
consonants (e.g., [kabun] ‘field’). The vowel phonemes and their respective allophones
in Besemah are shown in Table 2 below.

Table 2. Besemah vowels®

Front Central Back

High /i/ o /v

(1] [u]
Mid (9) ([o])
Low /a/

Figure 1 plots the vowel allophones of Besemah for the same four male and four female
speakers used in the study of Besemabh stress. The measurements include the words used
in the stress study (see Appendix A) in addition to examples of words with an epenthetic
vowel and words with a glottal coda that were a part of the original wordlist (see Section
3). Due to the allophonic variation that results from an asymmetry in the penultimate
and ultimate syllable, vowel quality (e.g., F1 and F2) was not considered as an acoustic
correlate of stress in the present study. The epenthetic (or pepet) vowel is also excluded
from the present study as it behaves quite differently from the other vowels in its morpho-
phonemic behavior, predictability, and phonetic properties (McDonnell 2008). For exam-
ple, despite being in complementary distribution with [#], the pepet clearly differs in both
vowel quality (crucially from [#] and /a/ in Figure 1) and duration. Figure 2 demonstrates
that the pepet is significantly shorter than all other vowels in the penultimate syllable and,
as a point of comparison, the [i] does not significantly differ from other final vowels in
open syllables.

2.3 Phonotactics and minimal words

Besemah phonotactics are typical of many Austronesian languages. The maximal syllable
is CVC. Any consonant except /h/ freely serves as the onset of the syllable.” Coda
consonants in the word medial position are restricted to nasals, the alveolar trill /r/, and
in rare cases the alveolar lateral approximant /1/ or the alveolar fricative /s/. Nasals in
the word-medial coda position are only followed by homoganic stops. Affricates and
voiced stops never occur in coda position. The velar fricative /y/ never occurs in word-
medial coda position, while the palatal nasal /j/ never occurs in word-final coda position.
The only restriction on vowels is that the pepet only occurs between two consonants in
pre-final syllables.

8 Vowels within slashes are considered phonemes, while vowels within brackets are considered allophones.
The parentheses represent that the allophone is present for some speakers.

9 The phoneme /h/ is primarily restricted to word-final position, but does occur word-medially in a small
number of loan words (e.g., [mahap] ‘sorry’).
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Figure 2. Vowel duration in penultimate and ultimate syllables

Words are most typically disyllabic with only a handful of words with a CVC shape
(e.g., [tit] ‘paint’, [lag] ‘eagle’). In the case that words are more than two syllables,
prepenultimate syllables are reduced to schwa (e.g., [tfonilah] ‘sandal’), a process that
occurred in many other Malay languages (Adelaar 1992).19 The words utilized in the
present study are all disyllabic.

3. Methodology

The data used in the present study originally were collected in order to investigate allo-
phonic variation in Besemah. The constructed wordlist consists of 341 monomorphemic

10" Unless the antepenult is a high vowel in a vowel cluster (e.g., /muanaj/ ‘older sister’).
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Besemah words with each vowel occurring in various contexts (i.e., in open and closed
syllables and in the penultimate and ultimate syllable of word). A total of eight Be-
semah speakers, four males and four females, were recorded over a period of two weeks
in June 2010 in the village of Karang Tanding, a small Besemah village that is located
approximately ten kilometers northwest of the small city of Pagaralam in South Sumatra,
Indonesia. The participants range in age from 25 to 60+ and either reside in or near the
village of Karang Tanding. Furthermore, all participants are native speakers of Besemah
and have different levels of fluency in Standard Indonesian. During the recording ses-
sions, participants were asked to say each word twice in isolation and then a third time in
a carrier phrase [gitfe?kah __ agi] ‘say __ again’. All recordings were made on a solid-
state Marantz PMDG670 recorder with an Audio-Technica AT825 stereo microphone. The
recordings were made with a sampling frequency of 48 kHz and were stored as .wav
files.

While the wordlist was not originally constructed or collected to investigate stress, the
recordings provide a robust enough sample to be repurposed for the present study. Of the
341 words recorded, 54 words were selected based on three factors: (1) syllable weight,
(2) the vowel, and (3) the surrounding consonants. Six words for each vowel phoneme
(i.e., /a, 1, u/) were chosen for each of the above factors (6*3*3 = 54). It is noteworthy,
however, that syllable weight has not been suggested as a significant factor for stress in
any Malay language (cf. Cohn 1989, 1993). The purpose in choosing words with sim-
ilar syllable weight is to keep the environments of the penult and ultima as similar as
possible. To militate against microprosodic effects of surrounding consonants, examples
where the target vowel was surrounded by the same obstruent consonants were sought
out first (e.g., [kuku] ‘fingernail’ and [tuntun] ‘watch’). This, however, was not always
possible. All else being equal, words with voiceless obstruents or nasal consonants were
preferred, and only in one case does the wordlist depart from this preference. Finally, in
a number of cases, it was not possible to find words where the vowels in the penultimate
and ultimate syllable were either identical or had the appropriate surrounding consonants.
In these cases, only one of the syllables was included in the corpus; these words are in
gray in the corpus, which is presented in Tables 5-7 in Appendix A. Measurements and
acoustic analysis of FO, duration, and intensity, were carried out using the speech analy-
sis software Praat (Boersma & Weenink 2010). Following Turk et al. (2006), vowels in
each of the three tokens were segmented at the onset and offset of a continuous second
formant. All measurements were conducted using a script in Praat. FO was measured
separately for male and female participants as the average over a 30 ms window in the
center of the vowel. Intensity was averaged over the entire duration of the vowel. The au-
tomated measurements resulted in a small number of outlier values, which were corrected
by remeasuring the vowels manually.

The data were analyzed with a mixed-effects logistic regression.!! The dependent vari-
able SYLLABLE has two levels penult and ultima. The predictor variables in this study
include the acoustic measurements discussed in the previous section (FO, DURATION, and
INTENSITY) as well as the following control variables: SPEAKER, ITEM, VOWEL (the tar-

1" The open-source programming language R (3.0.1 patched, R Core Team, 2013) was used for the statis-
tical analyses. The Ime4 package was used for the mixed-effects modeling (Version 0.999999-2, Bates et
al., 2013), and the effects package was used for creating plots (Version 2.2-4, Fox et al. 2013).
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geted vowel), PRESENTATION ORDER (the order in which a new word was presented to
the speaker), REPETITION ORDER (the order in which the token of a word is repeated by
the speakers), and CONDITION (whether the token was uttered in isolation or a frame).
The independent variable VOWEL has three levels representing each vowel phoneme con-
sidered /a, 1, u/. To test whether the acoustic measurements (FO, DURATION, and INTEN-
SITY) are correlated with a final stressed syllable, a mixed-effects logistic regression was
fitted given the predictors above. If stress, associated with the acoustic measurements,
falls on the final syllable, the level of the dependent variable ultima should be predicted
(with a higher predicted probability) as each of the acoustic measures increases. However,
if stress 1s not cued by the predictor variables and/or does not fall on the ultima, then the
model would predict penult or both levels of the dependent variable equally.

The decision to consider phonemes instead of allophones was necessary for the statistical
analysis because some allophones (i.e., [1, U, ]) only occur in the ultimate syllable and are
thus necessarily predictive of the ultimate syllable position. To control for individual dif-
ferences between participants and words in the corpus, the variables SPEAKER and ITEM,
respectively, were included as random intercepts. A likelihood ratio test showed that both
random intercepts were fully justified. Originally, a single model was fitted for both male
and female participants with the predictor variable GENDER, both as a main effect and
interacting with all other predictors, using a backwards model selection process, exclud-
ing all non-significant predictors in a step-wise fashion. Aside from the main predictor
variables, two-way interactions between the measurement variables (FO, DURATION, IN-
TENSITY) and the control variables CONDITION and VOWEL, respectively were included
in the model to control for differences that result from vowel quality and/or contextual
phrasal factors. While the main effect GENDER was highly significant, it had a predicted
probability of 100% for the ultima for male participants and a predicted probability of
0% for the ultima for female participants. In the end, a single model failed to adequately
take into account the effect of GENDER, thus two separate mixed-effects regression mod-
els, one for male participants and one for female participants, were fitted with all same
main predictors and interactions, except for GENDER to avoid any of the issue discussed
above. The final models were chosen in the same way, using a backwards model selection
process, excluding all non-significant predictors in a step-wise fashion. The next section
reports the final results of the two models.

4. Results

The final models for both male and female participants show a highly significant correla-
tion between the predictor variables and the dependent variable SYLLABLE. Both models
are consistent with an analysis of Besemah stress in which stress falls on the final syllable
of the word. The significant predictors for the model of male participants are the main
effects FO and INTENSITY as well as the interaction DURATION:CONDITION. In addition,
the control variable PRESENTATION ORDER is significant. The final overall model for
male participants is summarized in Table 3. The estimate for CONDITIONframe is in rela-
tion to CONDITIONisolation, which is the intercept. In addition, the final model includes
two effects with random intercepts, SPEAKER (Variance = 0.639, sd = 0.799) and ITEM
(Variance = 2.489, sd = 1.577).
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Table 3. Fixed-effect coefficients, standard error, z-value and p-values in a
generalized mixed-effects model for four male participants fitted to SYLLABLE,
penult or ultima (Log likelihood ratio= —210.3, Dxy = 0.917, C = 0.958)

Estimate Std. Error  z value Pr(> |z|)

(Intercept) -42.062104 6.716011  -6.263 3.78¢— 10 ***
FO 0.116925 0.017555 6.660 2.73e¢—11 ***
DURATION 82.232889 9.953877  8.261 <2e—16  *F**
INTENSITY 0.226373 0.080633 2.807  0.004994  **

CONDITIONframe 5.549308 1.337956  4.148  3.36e— (05 ***
PRESENTATION ORDER 0.014870 0.004035 3.686  0.000228  ***

DURATION:CONDITIONframe -28.594746 14.421921 -1.983 0.047398 *

The significant predictors for the model of female participants are the interactions DURA-
TION:CONDITION, DURATION:VOWEL, INTENSITY:CONDITION, and INTENSITY: VOWEL,
and FO:CONDITION. The final overall model for female participants is summarized in Ta-
ble 4. The estimate for CONDITIONframe as well as VOWEL{ and VOWELu are in relation
to CONDITIONisolation and VOWELa, respectively, both of which are the intercept. In ad-
dition, the final model includes two effects with random intercepts, SPEAKER (Variance
= 9913, SD = 3.148) and 1ITEM (Variance = 23.108, sd = 4.807). The final model for
female participants is presented in Table 4.

Table 4. Fixed-effect coefficients, standard error, z-value and p-values in a
generalized mixed-effects model for four female participants fitted to SYLLABLE,
penult or ultima (Log likelihood ratio= —96.8, Dxy = 0.993, C = 0.996)

Estimate Std. Error  z value  Pr(> |z])
(Intercept) —108.58650 27.75099 -3913 9.12¢—05  ***
FO 0.11617 0.02364 4914 8.93e — 07 ***
DURATION 190.38479 30.80847 6.180 6.43¢ — 10 ***
INTENSITY 0.73458 0.33332 2.204 0.027538 %
VOWELI 17.86984 31.16176  3.202 0.566337
VOWELu 93.80502 29.29802 2.853 0.001366  **
CONDITIONframe —187.60561 50.86739 —3.688 0.000226  ***
DURATION:VOWELI —22.16382  33.30613 —0.665 0.505758
DURATION:VOWELU —80.02277  25.33431 —3.159 0.001585  **
INTENSITY:VOWELI —0.17307 0.40923 —0.423 0.672351
INTENSITY:VOWELuU —1.06439 0.37631 —2.828 0.004677  **
FO:CONDITIONframe 0.08814 0.04899 1.799 0.071990 .
DURATION:CONDITIONframe —47.34075  19.10402 —-2.478 0.013210  *
INTENSITY:CONDITIONframe 2.34703 0.57351 4.092 4.27e —05 ***

Each of the significant main effects and the interactions into which each enter are dis-
cussed separately according to the measurement variable in each of the next subsections.
For each significant effect or interaction, the 752, degrees of freedom, and p-values are
reported from an ANOVA table that compares the model with and without the significant
predictor using the x? test. The mean and standard variation for each of the main predic-
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tors are presented in Appendix B.

4.1 Duration

DURATION is a robust effect for predicting the ultima, however, as is well documented in
the literature, it is confounded by word-final lengthening (Wightman et al. 1992; Turk &
Shattuck-Hufnagel 2000). Thus, it is impossible to know if the longer duration is a result
of word-level stress, word-final lengthening, or a combination of both. For completeness,
the results of DURATION are reported, but because stress is posited to be word-final, it
cannot in principle be used as evidence for (or against) word-level stress. Not surpris-
ingly, then, the main effect DURATION is highly significant for both male participants
(x> =717.7185,df =1, p < 2.2¢ — 16) and female participants (x> = 32.6552, df = 1,
p = 1.100e — 08). What is of interest is the fact that there is a significant interaction
DURATION:CONDITION for both male (3% = 4.0657, df = 1, p = 0.04376) and female
participants (x> =5.7574,df = 1, p=0.01642). The interaction DURATION:CONDITION
for males and females is shown in Figures 3 and 4, respectively.
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Figure 3. The interaction DURATION: CONDITION for male participants
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Figure 4. The interaction DURATION: CONDITION for female participants
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The plots show the predicted probability of ultima on the y-axis and the duration on the x-
axis. It is clear in each case that as duration increases, the predicted probability of ultima
also increases. However, this differs between ISOLATION in the left panel and frame in
the right panel. To illustrate this difference, for male participants the predicted probability
crosses the 50% threshold at 0.11s in isolation and 0.06s in a frame. Likewise, for female
participants the predicted probability crosses the 50% threshold at 0.13s in isolation and
0.07s in a frame. The plots reveal that while male and female speakers differ slightly,
the same pattern holds whereby the predicted probability of ultima in a frame increases
more quickly (e.g., with shorter durations) as compared to words uttered in isolation. The
significant interaction may suggest the presence of phrase-final lengthening in isolated
forms that is not present in words uttered in a frame.!?

Female participants additionally showed a significant interaction DURATION:VOWEL (y2 =
14.681, df =2, p = 0.0006486). Surprisingly, this interaction does not appear to be re-
flective of the intrinsic durational properties of different vowel qualities (Beckman 1986),
where low vowels (e.g., /a/) are expected to be longer than high vowels (e.g., /i,u/). Con-
versely, in this case, /u/ is significantly different than /a,i/. Figure 5 shows that the pre-
dicted probability for /u/ begins to rise slightly earlier than /a,i/ and does not have as steep
of a slope as /a,i/. While it is not entirely clear why the interaction DURATION:VOWEL is
significant, it appears that one explanation could lie in the larger number of outliers for
/u/ than for /a,i/. As duration is confounded by word-final lengthening, this issue is left
aside to focus on other predictors FO and INTENSITY.

4.2 Fundamental frequency

Fundamental frequency is a good indicator of stress for both male and female participants.
The main effect FO is highly significant for male participants (y> = 57.073,df =1, p =
4.199¢ — 14). Figure 6 presents the main effect FO. As is the case with duration, the
predicted probability of ultima increases as FO increases, meaning the ultima is predicted
to have a higher FO than the penult. To illustrate this point, the predicted probability
of ultima crosses the 50% mark at approximately 118 Hz. The fact that FO does not
interact with CONDITION shows that there is not a significant difference between words in
isolation and a frame. This finding is pertinent to the discussion of word- and phrase-level
prominence in Section 5, as it points to the fact that words in isolation are not significantly
affected by phrase-level prominence.

This is not necessarily the case for female speakers for whom the interaction FO:CONDITION
is significant (y> = 4.9508, df = 1, p = 0.02608). Figure 7 presents the interaction
FO:CcoNDITION for female participants. The plots in Figure 7 demonstrate that as pitch in-
creases so does the predicted probability of ultima in both conditions. However, for words
in isolation in the left panel the predicted probability of the ultima increases with a much
higher FO than for words uttered in a frame in the right panel. As a frame of reference, the

12" An anonymous reviewer points out that the difference of 0.5s or 0.6s is rather minor. The reviewer further
suggests that there may be other possible explanations for this interaction, including general compression
of a word in a frame context. This is entirely possible. A follow-up study involving words in two different
frames where the word occurs in phrase-medial and phrase-final contexts would be necessary to tease this
apart. It is important to keep in mind, however, that duration cannot in principle be considered evidence for
word-level stress.
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predicted probability of ultima in isolation crosses the 50% mark at approximately 224
Hz, and in a frame at approximately 188 Hz.
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Figure 7. The interaction FO:coNDITION for female participants

The fairly large difference between FO in a frame and in isolation appears to result from
inter-speaker variation in realization of FO in isolation, but not in a frame. In words uttered
in isolation, one speaker (fs1) demonstrates a pattern whereby FO is higher on the penult,
a pattern that is not found in any of the other speakers. However, in words uttered in a
frame context, all female speakers show the same pattern whereby FO is higher on the
final syllable. These patterns are shown in Figure 8.

There were two clear intonation patterns that the female speakers used with words in iso-
lation. The female speaker (fs1) that differed from all others employed a ‘final’ intonation
contour that is characterized as a falling FO on the ultima. The other three female speakers
used a ‘continuing’ intonation contour where that is characterized by a rising FO or even a
level FO on the ultima. All speakers showed the same pattern in words uttered in a frame.
When the word was uttered in a frame, the phrasal prosody does not clearly affect the
target word, but rather the final word of the frame agi ‘again’. Representative examples
of the patterns discussed above and their corresponding forms in a frame are exemplified
in Section 5.1 in which the interaction between word- and phrase-level prominence is
discussed.

4.3 Intensity

The final predictor, intensity, is probably the best indicator of word-level stress for two
reasons. First, intensity is not confounded with other factors as was the case with duration.
Second, intensity is not as integrated as pitch with phrasal prominence. As is the case
with FO, INTENSITY is straightforward for male participants, but not so straightforward
for female participants. For male participants the main effect INTENSITY is significant
(x> =8.325,df =1, p=0.00391). Figure 9 shows that as the intensity increases, so
does the predicted probability of ultima. As a frame of reference, the predicted probability
reaches the 50% mark at approximately 77.5 dB.
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Female participants had a highly significant interaction INTENSITY:CONDITION ()2 =
32.406,df =1, p = 1.251e — 08) and a significant interaction INTENSITY:VOWEL (x> =
11.11, df =2, p = 0.003868). The interaction INTENSITY:CONDITION in Figure 10
shows that in both cases intensity increases as the predicted probability of wultima in-
creases. However, the 95% confidence intervals for words in isolation in the left panel
are large, which calls the reliability of the result for words in isolation into question. For
the words uttered in a frame in the right panel, the results show a very different pattern.
There is a clear increase in the predicted probability of ultima with much smaller confi-
dence intervals. For words in a frame, the predicted probability reaches the 50% mark at
approximately 75 dB.

While it is not entirely clear why there are intensity differences between words uttered in
isolation and those uttered in a frame, it is significant that words uttered in a frame show a
clear indication of increased intensity on the final syllable. One possible explanation that
could account for the large confidence intervals for words uttered in isolation is a wide
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Figure 10. The interaction INTENSITY:CONDITION for female participants

range of intensity values in initial syllables. This, in turn, may result from utterance initial
fortition effects (Cho & Keating 2009). That is, speakers were asked to repeat the word
twice in isolation and once in a frame. While the control variable REPETITION ORDER
was not significant in the model, it appears that the first repetition was quite different
from the second and third repetitions shown in Figure 11. These box plots show that
in the first repetition (1) the overall INTENSITY in both the penult and ultima is much
higher than second and third repetitions and (2) the median intensity values were roughly
the same in the penult and the final. In the second and third repetitions, on the other
hand, the ultima has a higher median without any overlapping notches. All of this points
to an utterance initial fortition effect that apparently skews the results of the interaction
INTENSITY:CONDITION.

Finally, there is also a significant interaction INTENSITY:VOWEL (x> = 11.11, df = 2,
p = 0.003868). Figure 12 shows that /a,i/ are significantly different from /u/; /u/ has a
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more gradual slope than /a,i/. As was the case of the interaction DURATION:VOWEL, it is
unclear why /u/ patterns differently than /a,i/, as this is not the expected result for intensity
intrinsic properties of different vowel qualities.
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Figure 12. The interaction INTENSITY: VOWEL for female participants

4.4 Results summary

The results above support the proposal that Besemah has word-level stress that falls on the
ultimate syllable, which is associated with raised intensity, higher fundamental frequency,
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and longer duration (although the inference from duration is confounded by word-final
lengthening). The results for male speakers are straightforward, where all three acoustic
measures were significant predictors and only DURATION participated in an interaction
with CONDITION. The results for female speakers are less straightforward. All three
measurement predictors participate in a significant interaction with the control variable
CONDITION. Further, DURATION and INTENSITY, but not FO interact with the control
variable VOWEL as well. Of the significant interactions, it is noteworthy that while the
acoustic measures are not always robust in isolation, they are significant in a frame. This
result is consistent with an analysis of word-level stress and is especially significant for
INTENSITY.

5. Discussion

In Section 1, two competing views of stress in Malay languages were presented. The first,
the ‘traditional’ view, holds that Malay languages (especially Indonesian) have word-level
stress that falls on the penultimate syllable unless the penult contains a schwa, in which
case stress falls on the final syllable. The second view, the ‘free’ stress (or no stress)
view, has called into question the ‘traditional’ analysis by showing that prominence is
essentially free at the word-level (or more correctly, determined phrasally) in a number
of production and perception studies (van Zanten 1994; Ebing 1997; van Zanten & van
Heuven 1998; van Zanten et al. 2003; van Zanten & van Heuven 2004; Goedemans &
van Zanten 2007). These studies find that what has been labeled as word-level stress re-
sults from higher phrase-level factors and word-level stress may be variable across speak-
ers with different substrate influences (i.e., Javanese speakers of Indonesian do not mark
word-level stress, while Toba Batak speakers of Indonesian do). This view of ‘free’ stress
is not limited to Javanese speakers of Indonesian, but has been shown to occur in Betawi
Malay, another Malay variety spoken in and around Jakarta (van Heuven et al. 2008).
The present study set out to determine if the ‘free’ stress analysis could be extended to
other Malay varieties, in particular Besemah, a historically conservative Malay language
of southwest Sumatra.

Based on a statistical analysis of three acoustic properties (DURATION, FO, and INTEN-
SITY), this study provides support for the view that stress falls on the ultima and is as-
sociated with a higher fundamental frequency, increased intensity, and longer duration
(although duration is a confound with word-final lengthening). Therefore, Besemah is
not classified as a language that lacks word-level stress like French and Korean. Draw-
ing on the results of the statistical analysis as well as examples from naturalistic speech,
the next section addresses the relationship between word- and phrase-level prominence in
Besemah. However, without a fuller description of the intonational system, the following
section draws only some preliminary conclusions about the interaction between word-
and phrase-level prominence in the language.

5.1 Word-level and phrase-level prominence

While the only significant interaction between acoustic measures and the phrasal context
in which the word was uttered (e.g., isolation vs. frame) in the model for male speak-
ers is DURATION:CONDITION, the model for female speakers had interactions between
all three measurement variables and the phrasal context (i.e., FO:CONDITION, INTEN-
SITY:CONDITION, and DURATION:CONDITION). The interaction DURATION:CONDITION
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can be accounted for by phrase-final lengthening in both models (see Section 4.1), and the
interactionINTENSITY:CONDITION in the model for female participants appears to result
from utterance initial fortition effects (see Section 4.3). With the importance of FO for
phrasal prominence (Pierrehumbert 1980; Ladd 2008), one wonders why the interaction
FO:CONDITION arises in the model for female speakers, but not in the model for male
speakers. The data reveal that the answer to this question is most likely found in the inter-
action between word-level stress and phrase-level prominence. Section 4.2 demonstrates
that one female speaker (fs1) appears to use a ‘final’ intonation pattern characterized by
a falling FO contour on the final syllable in words in isolation. All other female speak-
ers appear to use a ‘continuing’ intonation pattern characterized by a level or rising FO
contour on the final syllable in words in isolation.

Utilizing notions from the AM framework, the ‘final’ and ‘continuing’ contours are best
analyzed as a combination of pitch accents and boundary tones (Ladd 2008). The ‘final’
intonation contour is then the result of a high pitch accent (H*) and a low boundary tone
(L%), and the ‘continuing’ intonation contour is the result of a high pitch accent (H*) and
a high boundary tone (H%). Figures 13—15 demonstrate these intonational patterns from
three different female speakers. Figure 13 presents a representative example from fsl
who consistently used the ‘final’ intonation pattern with a falling FO on the ultima (i.e., a
H* followed by L%). Figures 14 and 15 demonstrate the two patterns found under what
might be considered a ‘continuing’ intonation contour with a higher FO on the ultima that
either rises or remains level. In the case of the latter, it is unclear whether or not the high
boundary tone is present. It may be the case that FO remains level from the H* to the H%
or that the H% is absent in these cases.
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Figure 13. F0 trace for [pimpin] ‘lead’ and in a frame for fs1 using ‘final’
intonation

What is more, these intonation patterns are not present (crucially for fs1) when uttered
in a frame as is demonstrated in Figure 16. It is especially interesting to note the sharp
declination of FO on the ultima of the final word of the frame [agi] ‘again’. A comparison
between the variable patterns in isolation and stable patterns in a frame point to the fact
that the interaction between word- and phrase-level prominence does not appear to affect
words uttered in a frame as much as words in isolation. Why then is there not a signifi-
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Figure 14. F0 trace for [pimpim] ‘lead’ and in a frame for fs2 using ‘continuing’
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Figure 15. F0 trace for [pimpin] ‘lead’ and in a frame for fs4 using ‘continuing’

intonation

cant interaction between FO and CONDITION in the model for male speakers? Based on
the analysis above, and an inspection of the data, male speakers more consistently pro-
duced H% in words in isolation. In summary, words in isolation appear to be affected
by boundary tones, in which L% conflicting with the H* results in a falling FO contour
on the ultima, while a H% results in a rising FO contour on the ultima or possibly results
in maintaining a level FO contour. One way to interpret this variation in the realization
of boundary tones in words in isolation is that the presence of L% or H% is up to the
speaker’s interpretation (and not the pragmatic conditions) of the single word phrase as
‘continuing’ or ‘final’. This unpredictable result is most likely due to the fact that the
words are uttered in an atypical communicative context. The only clearly ‘final’ intona-
tion pattern comes at the end of the frame. (Remember that speakers were asked to repeat



MCcDONNELL: Acoustic correlates of stress in Besemah 21

the word twice in isolation and once in a frame, then asked to do the same for a new
word.)
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Figure 16. F0 trace for [pakam] ‘sturdy’ followed by the second half of the frame
[agi] ‘again’ for fs1

One explanation for the intonational patterns presented above is tonal crowding avoid-
ance, whereby the H* pitch accent timing shifts leftward, moving the pitch peak earlier
in the ultima or even onto the penult (see below), when a L% is on the ultima. According
to Gordon (2008), this timing change pattern is one of a number of strategies employed
in the languages of the world to minimize tonal crowding. Other strategies include tonal
undershoot for Modern Greek (Arvaniti & Baltazani 2005), segmental lengthening for
Korean (Jun 2005) (see Gordon (2008) for more discussion and a detailed analysis of
timing changes in Chickasaw). The conflict between high pitch accent and low bound-
ary tone is also clear in the examples from naturalistic speech in Figure 17, where L%
is realized on the ultima and H* is realized on the penult. In these data, the changes in
the timing of H* is especially clear when there is a mismatch in the pitch accent and the
boundary tone.

Finally, further support for the tonal crowding analysis of Besemah comes from words in
phrase-final position where vowels are extra long as in Figure 18.!3 Because the vowels
are long in these examples, there is no conflict between the pitch accent and the boundary
tone, as both the H* and L% can be realized on the same syllable. Gordon finds similar
effects with a weight asymmetry in Chickasaw, where a pitch accent and a boundary tone
cannot dock on a syllable with a short vowel, but can dock on a syllable with a long
vowel. The preliminary conclusion here is word-level stress and phrase-level accent in
Besemah operate on orthogonal principles and are highly affected by boundary tones.
This interpretation of the data provides a promising hypothesis that needs confirmation in
future studies of Besemah prosody.

13 Besemah does not have phonemic vowel length nor does it have adjacent identical vowels. The long
vowel in this example is attributed to phrase-final lengthening.
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Figure 17. F0 trace of [bamban] ‘seedling’ from a female speaker in naturalistic
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Figure 18. F0 trace of [bapa:?] ‘many’ from a female speaker in naturalistic speech

6. Conclusion

In contrast to ‘traditional’ descriptions of Standard Indonesian and even Besemah as well
as recent findings for Malay isolects like Standard Indonesian and Betawi Malay, this
study has shown that there is clear evidence that Besemah stress falls on the final sylla-
ble of the word, associated with a higher fundamental frequency and increased intensity.
While a higher fundamental frequency seems to be affected by phrase-final tonal crowding
when words are uttered in isolation, increased intensity is a clearer indicator of word-level
stress. This study has several implications for future studies of stress in Malay languages.
Most importantly, it demonstrates that Malay languages do differ in their realization of
stress, and that the conclusion drawn for varieties spoken in and around urban centers may
not in fact be representative of other Malay varieties spoken throughout the Indonesian
archipelago.
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Appendix A. Corpus

Table 5. Tokens with two open syllables

Cv.cv CV.CV
[kati]  ‘word’ [kati]  ‘word’
/a/ [sapi] ‘who’ [sapi] ‘who’
[mati] ‘die’ [Kiti] ‘we (inclusive)’
Ji/ [Kkiti] ‘we (inclusive)’ [mati] ‘die’
[titu] ‘that’ [laki]  ‘husband’
[kutu]  ‘louse’ [kutu] ‘louse’
h/ [kuku] ‘fingernail’ [kuku] ‘fingernail’
[buti]  ‘blind’ [titu] ‘that’

Table 6. Tokens with a final closed syllable

Cv.CcvC CV.CVC

[tatap] ‘touch’ [tatap] ‘touch’

/al [sakat] ‘bother’ [sakat] ‘bother’
[pakam] ‘sturdy’ [pakam] ‘sturdy’
[kikis] ‘scrape’ [kikis] ‘scrape’

i/ [pip1s] ‘pulverize’  [pipis] ‘pulverize’
[tikus] ‘mouse’ [musmm] ‘season’
[tutvs] ‘pound’ [tutvs] ‘pound’

/u/ [musmm] ‘season’ [tikus] ‘mouse’
[sutar] ‘k.0. game’ [takut] ‘scared’

Table 7. Tokens with two closed syllables

CvC.cvcC CVC.CVC

[tandar)] ‘sleep over’ [tandar] ‘sleep over’

/al [kantin] ‘“friend’ [timpas] ‘swim’
[pantuk] ‘strike’ [antan] ‘pestle’
[pimpm]  ‘lead’ [pimpm]  ‘lead’

i/ [timpas] ‘swim’ [kantm] “friend’
[pinta?] ‘request’ [intip] ‘spy’
[tuntun] ‘watch’ [tuntun] ‘watch’

/u/ [pumpuy] ‘float’ [pumpuy] ‘float’

[tumpah] ‘pour’ [bantut] ‘cut’

23
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Appendix B. Mean and standard deviation of main predictors

Table 8. Mean (M) and standard deviation (SD) of main predictors for female
speakers (n = 4)

Duration (s) Intensity (dB) FO (Hz)

penult  ultima penult  ultima penult ultima
M 0.09846 0.1633  76.6398 77.966  200.1942 234.9699
SD 0.02609 0.0624 2.880  1.7347  24.6273  24.2708

Table 9. Mean (M) and standard deviation (SD) of main predictors for male
speakers (n = 4)

Duration (s) Intensity (dB) FO (Hz)

penult ultima penult  ultima penult ultima
M 0.0817 0.1238  77.5577 78.522  113.2832 126.2574
SD 0.0196 0.0499 25925 1.6111 11.9777  15.1723
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