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Abstract: The prosodic structure of under-researched languages in the Trade
Malay language family is poorly understood. Although boundary marking has
been uncontroversially shown as the major prosodic function in these languages,
studies on the use of pitch accents to highlight important words in a phrase remain
inconclusive. In addition, most knowledge of pitch accents is based on well-
researched languages such as the ones from the Western-Germanic language
family. This paper reports twoword identification experiments comparing Papuan
Malay with the pitch accent language American English, in order to investigate
the extent to which the demarcating and highlighting function of prosody can be
disentangled. To this end, target words were presented to native listeners of both
languages and differed with respect to their position in the phrase (medial or final)
and the shape of their f0 movement (original or manipulated). Reaction times for
the target word identifications revealed overall faster responses for original and
finalwords compared tomanipulated andmedial ones. The results add to previous
findings on the facilitating effect of pitch accents and further improve our prosodic
knowledge of underresearched languages.

Keywords: acoustic phonetics; auditory word recognition; phonetic typology;
prosody; speech perception

1 Introduction

Suprasegmental properties of phrases such as f0, duration or intensity (henceforth
phrase prosody) serve several functions. The literature traditionally distinguished
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at least two main functions of phrase prosody; either indicating important
information (highlighting), or grouping information in successive chunks, such as
phrases (demarcating). The distinction between highlighting and demarcating
has been maintained in influential models of prosody and intonation such as
autosegmentalmetrical (AM) accounts (e.g. Silverman et al. 1992). In these accounts,
f0 movements are central to the description of intonation. These movements come
in specific shapes (pitch accents) that mark the most important word(s) within
an utterance or occur at edges indicating how words are grouped into phrases
(boundary tones). The development of AM-theories departed fromwork onWestern-
Germanic languages (see e.g. Ladd 2008, p. 43) and shaped later descriptions of
typologically more diverse languages (e.g. Jun 2005, 2014) as well as research
addressing the role of prosody in language comprehension (Frazier et al. 2006).
However, many languages remain underresearched regarding both the documen-
tation of crosslinguistic variation in prosody (Himmelmann and Ladd 2008) and the
investigation of the speech processing mechanisms involved in phrase prosody
(Cutler 2012, ch. 7). A growing body of literature that describes prosody in less well-
studied languages refines traditional views on prosodic structure, in particular the
interpretation of f0 movements near the edges of phrases (e.g., Gordon 2014).

Of particular interest to the distinction between highlighting and demarcating is
the Trade Malay language family spoken in Eastern Indonesia. Languages in this
family are often described as showing mainly f0 rise-fall movements in phrase-final
positions (Kaufman and Himmelmann n.d). However, it remains unclear to what
extent phrase final prosody is used for highlighting purposes, for demarcating pur-
poses or a combination of both. Research so far indicated that Manado Malay (Stoel
2007) has both highlighting and demarcating f0 movements, whereas Ambonese
Malay only makes use of demarcating ones (Maskikit-Essed and Gussenhoven 2016).
Papuan Malay is the Trade Malay language for which prosody is best researched to
date. However, the functions of phrase (final) prosody in this language are still poorly
understood. The available studies do not rule out that highlighting and demarcating
might be two sides of the same coin in this language (e.g. KalandandBaumann 2020).
The challenge remains, therefore, whether it is possible to fully disentangle these
prosodic functions in Papuan Malay. This challenge is taken up in this paper by
means of an experimental comparison between Papuan Malay and a well-studied
language: American English. The comparison thus allows us to interpret the Papuan
Malay results in a typological context with respect to the demarcating and high-
lighting roles of f0.

1.1 Highlighting and demarcating in prosodic theory

The most influential approaches to prosody and intonation have made a general
distinction between prosodic events thatmark important information in the phrase
and those that signal the edge(s) of phrases. For example, autosegmental-metrical
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(AM) accounts (ToBI, Silverman et al. 1992), adopt an inventory of discrete tones
(pitch accents and boundary tones) as the building blocks of intonation contours
with the core assumption that particular combinations of tones encode specific
meanings (e.g. Pierrehumbert and Hirschberg 1990). The AM framework has been
used to describe the prosodic structure of many languages (e.g. Ladd 2008 for an
overview), including in the transcription of underresearched languages. For
example, Rapid Prosody Transcription (Cole and Shattuck-Hufnagel 2016) makes
use of the amount of agreement among native listeners regarding the location of
prominences and boundaries to evaluate the importance of these prosodic events
in a given language. Typological accounts of prosodic structure based on the AM
model (Jun 2005, 2014) assume a general split between languages based on
whether prominence occurs only at phrase edges in the form of boundary or
phrasal tones, as in edge-marking languages like Korean and French, or also on
prosodic heads in the form of pitch accents, as in head-marking languages like
English and Dutch, or both (Jun 2014). Pitch accents, which serve a highlighting
function, are assigned in bottom-up fashion to one or more syllables that are
metrically strong (i.e. stressed) at the word level. Boundary tones, which have a
demarcating role, are linked to phrasal units of various sizes; these units include
the universal and relatively large Intonational Phrase (IP) and, on a language-
specific basis, smaller units like the Accentual phrase (AP) and/or intermediate
phrase (ip) kept apart at different levels of prosodic theory. Crucially, both pitch
accents and boundary tones are realized primarily through f0 properties unlike
word stress, which is characteristically associated with a constellation of proper-
ties that may or may not include f0 (Gordon and Roettger 2017).

When analysing the prosodic system of an understudied language, it is often
difficult to determine whether a f0 prominence near a domain edge is attributed to
a prosodic head or to a phrase edge, an ambiguity that has led to many languages
that traditionally have been described as head-marking being reanalysed more
recently as edge-marking, e.g. French (Jun and Fougeron 2002), Hindi, Bengali,
Tamil (Fery 2010), Mongolian (Karlsson 2014), West Greenlandic (Arnhold 2014),
and Turkish (Özçelik, 2012). Gordon (2014), in fact, suggests that both types
of marking may ultimately be rooted in f0 properties found in words occurring
at phrase boundaries. He distinguishes between languages on the basis of whether
they allow pitch accents to occur in close proximity to boundary tones or not.
In some languages, they may co-occur on the same syllable, reflecting tonal
crowding, whereas in others the pitch accent may shift away from the boundary
tone, reflecting edge repulsion. Under his account, word stress originates from the
extension of phrasal prosody to the word level, in keeping with a widely held view
that phrase-level phonetic properties often drive word-level phonology (Blevins
2004, 2006). Crucially, this view of prosody attaches primary importance to f0
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movements at phrase edges as the driving force behind prominence not only in
edge-marking languages but also in head-marking ones. To sum up, although
theoretical models assume a distinction between highlighting prominence asso-
ciated with prosodic heads and demarcating prominence attributed to boundary
tones, the two sources of prominence are often difficult to tease apart since they
both are conveyed at phrase edges through f0 properties.

1.2 Prosodic functions in speech processing

Perception studies have also informed our understanding of the highlighting and
demarcating function of prosody. Research has shown that both the shape and the
phrasal position of f0 movements affect listeners’ language comprehension. As for
shape, studies have shown that removing f0 excursions from a phrase (i.e., making
the f0 contour “flat”), reduced its intelligibility (Hillenbrand 2003; Laures and
Weismer 1999). There are likely multiple factors involved in this effect. For
instance, a flat f0 contour removes the cues that listeners need to detect the most
important content words (highlighting), at least in languages that make use of this
prosodic function (e.g., pitch accent languages such as English). This effect has
been demonstrated by an experiment in which listeners needed to detect the first
phoneme of a target word in a phrase as fast as possible (Cutler and Foss 1977). The
target word was either pitch accented in a natural way or deaccented by shifting
the main pitch accent to another word in the phrase. Results showed that listeners
were significantly faster in detecting theword-initial phonemewhen the target had
a pitch accent than when it did not. Furthermore, a flat f0 affects how listeners
perceive speech tempo. This was shown in particular by experiments in which the
f0 movements at phrase boundaries were flattened (Rietveld and Gussenhoven
1987). These indicated that perceived tempo was much higher when tonal
boundarymarkingwas absent thanwhen itwas present, even though both phrases
had identical duration. Thus, these outcomes taken together reconfirm that f0
contributes to both highlighting (f0 shape) and demarcating (f0 position).

Concerning the position of f0 movements, studies have furthermore shown
that phoneme detection is faster for pitch accents in phrase-final position
compared to those in earlier positions (Shields et al. 1974). This effect was
explained by rhythmical expectations of the listener, who anticipates upcoming
speech by means of prosodic cues. The more cues available (i.e., towards the end
of the phrase), the more accurate these predictions. A similar explanation in terms
of semantic predictability was given for phrase-final words. That is, towards the
end of the phrase the listener has processed more semantic context to be able
to predict upcoming words compared to earlier phrase positions (Foss 1969). In
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addition, it should be noted that the final syllables of phrases are generally
lengthened (final-lengthening, e.g. Shattuck-Hufnagel and Turk, 1998), which
provides more time for f0 movements to be realised. Thus, f0 and duration are
tightly coupled at phrase boundaries (see also Rietveld and Gussenhoven 1987).
Crucially, the effect of phrase position on the perception of f0 movements was
found in read speech, but not in spontaneous speech (Mehta and Cutler 1988). It
was argued that spontaneous speech is much more fragmented (i.e., consists of
shorter phrases) than read speech, thus providing the listener with sufficient
prosodic cues to anticipate boundaries across contexts. Research has furthermore
shown that in infant-directed speech, focused words are positioned more often
phrase-finally and with wider f0 excursions compared to adult speech, ostensibly
playing a facilitating role in language acquisition (Fernald and Mazzie 1991). This
outcome corroborates earlier psychoacoustic work on the perception of tone se-
quences showing that listeners discriminate final stretches of tone sequencesmore
accurately than initial ones (Watson et al. 1975). This was interpreted as the result
of the silent period directly after the final tones, giving listeners more opportunity
to process them.

To sum up, the literature has shown that the shape and position of f0 move-
ments play crucial roles in the perception of speech, in particular around phrase
boundaries. Perception studies offer support for a more nuanced division between
highlighting and demarcating in keeping with recent work in prosodic typology.
There appears to be a natural tendency to perceive final elements in a (speech)
signal as more salient, primarily due to f0 properties, whether attributed to a head
marking (highlighting) or edge-marking (demarcating) function. This observation
aswell as typologicalwork on prosody (Gordon 2014) puts boundaries in a position
central to the explanation of variation in the prosodic systems attested across
languages of the world. Consistent with the universal salience of boundaries,
a study of four unrelated languages (Himmelmann et al. 2018) showed that native
listeners and listeners unfamiliar with those languages agreed on where they
perceived a prosodic boundary. These results led to the hypothesis that “all natural
languages make use of the same kinds of phonetic cues for IPs and these cues can
be perceived by speaker-hearers even in unfamiliar languages” (Himmelmann
et al. 2018, p. 30). In contrast, only head-marking languages recruit f0 in a high-
lighting capacity. The relationship between f0 used in a demarcative versus
highlighting capacity is the target of the present study, which compares the role
of prosody in word identification in two languages instantiating different prosodic
types. One language, American English, is a head-marking language that clearly
uses f0 in the marking of prominence via pitch accents, while the other language,
Papuan Malay, may employ f0 primarily, and perhaps exclusively, to signal
prosodic boundaries. In particular, we focus onhowprosodic differences in the use

The role of f0 shape and phrasal position 5



of f0 between the two languages impact word recognition. The role of language
specificity of prosodic type in word processing tasks is vastly understudied from
a broad typological perspective. For example, the brief overview of processing
studies in this paragraphmainly concerned results on relatively well studied pitch
accent languages such as English (Cutler and Foss 1977; Laures andWeismer 1999;
Mehta and Cutler 1988; Shields et al. 1974) or Dutch (Rietveld and Gussenhoven
1987) that are not typologically representative of languages of the world (see also
Henrich et al. 2010). The current study aims to counter this bias by investigating a
lesser studied language that appears to rely less on highlighting prominence than
other languages on which our knowledge of speech processing is based.

1.3 Phrase prosody in Trade Malay languages

Of particular interest to the question of the extent to which highlighting and
demarcating are essentially separate prosodic functions is the Trade Malay
language family spoken in Eastern Indonesia. Although phrase prosody has not
been studied extensively for these languages, the availablework suggests that they
have different prosodic structures compared toWestern-Germanic languages. That
is, Ambonese Malay has been analysed as a language without pitch accents and
with only phrase-final boundary tones (Maskikit-Essed and Gussenhoven 2016).
These boundary tones were reported to have a loose temporal alignment in the
final two syllables of the phrase (see Figure 1). The loose alignment was explained
as the result of the lack of word stress, i.e. no particular syllable at the word level
to which the phrase final f0 movements could align. This explanation was
furthermore supported by measurements failing to show a typical stress pattern
acoustically.

The prosody of ManadoMalay is analysed differently in that this language has
pitch accents that align to stressed syllables (Stoel 2007). Stress is reported to
be penultimate regularly, andultimate or variable in a small number of exceptions.
Two prosodic levels are distinguished, the IP and the phonological phrase (PhP;
roughly corresponding to the ip in Jun 2014). One IPmay consist ofmore PhP’s if no
more than one PhP is pitch accented. Each PhP has edge tones; commonly a low
tone phrase-initially and a high tone phrase-finally. Focus is marked by a high
tonal target on the focused PhP (e.g., subject-, object-, verb- or predicate-focus).
The intonational analysis was supported by visualisations of f0 contours in this
study (see examples in Figure 2).

To date, Papuan Malay has been studied to a larger extent than Ambonese
Malay or Manado Malay. Production and perception studies provided clear
indications that this language has regular penultimate word stress (e.g., Kaland
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2019, 2020), confirming the claim in Kluge (2017). As for phrase prosody, final f0
movements are the largest ones and have the tendency to show a rise on the
stressed syllable. A tentative autosegmental analysis of phrase-final f0movements
was proposed in which f0 movements align to stressed syllables only in phrase-
final positions (Kaland and Baumann 2020). Contrastive focus is not marked by
means of particular f0 movements (Kaland and Himmelmann 2020). Systematic
elicitations of picture descriptions (noun phrases) such as sapi biru ‘blue cow’ in
neutral, noun or adjective focus, in different phrase positions (medial or final) and
phrase types (ANTecedent or TARget), see examples in (1-a) and (1-b)), invariably
showed a rise on the pre-final syllable and either a (shallow) rise or a fall on the
final syllable (see Figure 3). The latter movement signalled continuation or finality
respectively and therefore can be interpreted as a boundary tone, which is used
in similar ways in many languages (Jun 2005, 2014). However, the status of the

Figure 1: Ambonese Malay words in sentence-final position with corrective declarative focus
(solid lines) and neutral declarative focus (dashed lines). Normalised time scale. Taken from
Maskikit-Essed and Gussenhoven (2016).
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pre-final rise is unclear. In particular, it remains unclear whether it belongs to the
boundary tone movement, making that movement bitonal such as in Ambonese
Malay, or whether it should be interpreted as a pitch accent, aligned to the stressed
syllable as in Manado Malay. The studies on Papuan Malay phrase prosody were
entirely based on production data. To complement this research, perception
studies are needed to shed light on how phrase prosody affects speech processing
in this language. This is done in the current study and the research questions are
outlined in the following subsection.

(1) a. Saya liat [ANT] di sebla kiri, dang saya liat [TAR] di sebla kanang.
I see [ANT] on the left side, but I see [TAR] on the right side.

b. Di sebla kiri saya liat [ANT], dang di sebla kanang saya liat [TAR].
On the left side I see [ANT], but on the right side I see [TAR].

Figure 2: ManadoMalay phrase Yulia da mandi ‘Yulia is bathing’with (a) predicate focus (H* on
man) and (b) subject focus (H* on li). In both phrases Yulia forms a PhP; either with H edge tone
(a) or with L edge tone (b). Taken from Stoel (2007).
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1.4 Research questions

As the analyses for AmboneseMalay andManadoMalay differ fundamentally, it is
a challenge to interpret the Papuan Malay results accurately. Boundaries appear
to be marked by f0 movements, although a crucial underlying question is whether
this language also makes use of pitch accents. In this respect, the phrase pre-final
movements would be potential candidates due to their excursion size and align-
ment tendencies (Kaland andBaumann 2020).More research is therefore needed to
understand the function(s) of phrase-final f0 movements in Papuan Malay, in

Figure 3: Papuan Malay noun phrases in neutral focus and with contrastive focus on either the
noun or adjective in different phrase positions (medial, final) and phrase types (antecedent,
target). Taken from Kaland and Himmelmann (2020).
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particular concerning the shape and the position of f0 movements. This is carried
out in the current study by investigating identification latencies for words that
have unmanipulated f0movements ormanipulated ones (shape) in phrase-medial
and phrase-final context (position). These two aspects could therefore shed more
light on the extent to which highlighting (shape) and/or demarcating (position)
respectively are prosodic functions that can be disentangled for Papuan Malay.
Perception research is needed to investigate the extent to which f0 movements
affect speech processing, as research in this area has been mainly conducted
on well-studied languages (Cutler 2012). Exactly because well-studied languages
provide an informative reference to interpret the results of understudied languages
in a crosslinguistic context, the Papuan Malay results in the current study
are compared to those of American English, a pitch accent language. Such a
comparison also allows to separate potential task-related effects from actual
linguistic differences. This is done in the current study by means of an identical
word identification experiment carried out with participants from both languages.

The research question addressed in this study is therefore how the shape
and phrase position of f0 movements affect word identification in Papuan Malay
and American English. With two languages and two factors that can each have
an effect or not there are in total eight theoretical outcomes (2 × 2 × 2). However,
based on the literature it can be hypothesized that at least phrase position affects
word identification latencies in both languages. This assumption is based on the
literature promoting boundary marking as the main underlying (Gordon 2014)
and potentially universal (Himmelmann et al. 2018) function of prosody. This
reduces the most plausible hypotheses to the ones below (H1 and H0), where H1
predicts an effect of word identification on word recognition in at least American
English. The two versions of H1 differ in their predictions for Papuan Malay. H1a
predicts that f0 manipulation affects word recognition only in American English
and not in Papuan Malay. Confirmation of H1a would corroborate the view that
American English is a pitch accent language (e.g., Jun 2005; Ladd 2008; Silverman
et al. 1992) and would favour an interpretation that Papuan Malay does not make
use of specific pitch accents, similar to Ambonese Malay (Maskikit-Essed and
Gussenhoven 2016) and in line with the lack of prosodic marking of contrastive
focus in Papuan Malay (Kaland and Himmelmann 2020). H1b predicts that word
recognition is affected by f0 manipulation in both languages. This would confirm
that highlighting and demarcating can be distinguished in both languages. In
this way, PapuanMalay would be similar to Manado Malay for which demarcating
and highlighting were distinguished (Stoel 2007) and confirming the tentative
highlighting analysis for Papuan Malay in Kaland and Baumann (2020).
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H1a: F0 shape does not affect word identification in Papuan Malay, but it does in
American English.

H1b: F0 shape affects word identification in both Papuan Malay and American
English.

H0: F0 shape affects word identification in neither Papuan Malay nor American
English.

2 Methodology

A reaction time (RT) experiment was set up to investigate native listeners’ word
identification latencies in PapuanMalay andAmerican English phrases. The target
words had an unmanipulated f0 contour or a manipulated (flat) f0 contour
and appeared in either phrase-medial or phrase-final position (2 × 2 design for each
language).

2.1 Recordings

As for the Papuan Malay experiment, recordings were used with words embedded
in a matrix clause, read by a male native speaker (Kluge et al. 2014). The target
words in the Papuan Malay recordings were selected based on the most frequent
syllable structure and stress pattern in this language (’CV.CV). The matrix clause
was constructed in such a way that the target word [ T ] appeared either in phrase-
medial (2-a) or in phrase-final position (2-b), see Appendix A for the lists of target
words. From the recordings a subsetwas selected for use in the current experiment.
Because Papuan Malay makes use of a considerable number of loanwords, only
native Papuan Malay roots were selected based on the word lists in Kluge (2017).
Furthermore, recordings that were unclear due to the low intensity of the speaker’s
voice were not used in the current study.

(2) a. ko pu kata [ T ] itu, sa blum taw
2SG POSS word [ T ] D.DIST 1SG not.yet know
‘that word [ T ] of yours, I don’t yet know (it)’

b. sa blum taw ko pu kata itu, kata [ T ]
1SG not.yet know 2SG POSS word D.DIST word [ T ]
‘I don’t yet know that word of yours, the word [ T ].’
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As for American English, recordings weremade tomatch the PapuanMalaymatrix
phrases as closely as possible, see (3-a) and (3-b). These matrix sentences were
read by amale native speaker of American English (36 years old). The speaker was
instructed to read the sentences in a clear and natural way.

(3) a. ‘The word [ T ] there, I don’t know.’
b. ‘I don’t know that word there, the word [ T ].’

In order to minimize overall acoustic differences among the stimuli, the selected
phrases for each languagewere scaled for their intensity using Praat (Boersma and
Weenink 2019) such that the average intensity in each matrix phrase including the
target word was 70 dB SPL.

2.2 Design

The RT experiment was designed such that participants chose as fast as possible
which word they heard when listening to a matrix phrase with the target word
in either medial or final position (i.e., a stimulus). They chose between two words
written on the screen, of which one matched the target (correct response), and the
other was a distractor (incorrect response). The distractor was chosen such that
it partially matched the target word. The second syllable of the distractor was
identical to the second syllable in the target. This was done to guarantee that the
crucial cue to identify the target word for the participants was the first (stressed)
syllable. Specifically, the distractor was chosen such that the difference with
respect to the target was the vowel in the first syllable. This was done to make sure
that the most sonorous part of the stressed syllable would always contribute to the
identification of the target word. Note that this part carries the f0 contour. For some
distractor words the consonant in the first syllable was also different from
the target (due to the limited number of suitable words). For example, when the
stimulus was sa blum taw ko pu kata itu, kata laki ‘I don’t yet know that word of
yours, the word husband’, the distractor was hoki (plant stem). As for American
English, a word list of targets and distractors was created that closely matched
the PapuanMalay ones. This also includedmatchingwhether the initial consonant
was the same or different between target and distractor and whether the initial
consonant was voiced or unvoiced in the target and the distractor. Note that word
frequency affects word identification (Taft and Hambly 1986), which could not be
accounted for in the selected target words. Although frequency information
is available for American English, this is not the case for Papuan Malay. The
Papuan Malay words, however, were elicited in conversation about every day
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life topics (Kluge 2017) and believed to be representative of relatively common
words in this language. The selected set consisted of 20 recordings with phrase-
medial target words and 20 recordings with phrase-final target words in each
language. Appendix A provides a list of all target and distractor words in each
language.

2.3 F0 manipulation

For each recorded matrix phrase two versions were created in which f0 was
manipulated using Time-Domain Pitch-Synchronous Overlap-and-Add (TD-PSOLA;
Moulines and Charpentier 1990) as implemented in Praat (Boersma and Weenink
2019), see Figure 4. It has been shown that the naturalness of speech due to
TD-PSOLA resynthesis is somewhat decreased compared to unmanipulated speech
(Mixdorff and Mehnert 1999). Therefore, in one version, the f0 contour was only
stylized using a frequency resolution of two semitones. The stylised f0 contour
closely followed the one in the original recording. In this way, the recording would
undergo TD-PSOLA resynthesis without a change in the trajectory of the f0 contour.
Thiswas done to decrease the naturalness of the stimuli to a level comparable to the
other version, which underwent TD-PSOLA resynthesis for the purpose of f0
manipulation. The rationale behind this procedure is that potential side-effects on
participants’ response latencies due to naturalness were balanced. In the other
version, the stylised f0 contour and the contour of the target wordweremanipulated
such that no pitch excursions occurred within the target word. This was done
differently for phrase-medial target words than for phrase-final target words. For
phrase-medial words, the original f0 level at the start of the first syllable was
maintained throughout the entire word. In the Papuan Malay phrases, a rise that
originally occurred on the first syllable of the medial target word was then shifted
onto the first syllable of the next word in the matrix sentence (i in itu), see Figure 4
bottom left. In this way, the f0 in the remaining part of the matrix sentence would
follow its original contour. In the American English phrases, the rise-fall on the
medial target word was shifted onto the next word as well (on there). The rise-fall
movement on the final target in both languages was flattened bymaintaining the f0
at the level at the start of the first syllable with a declination towards the end of the
word (equals phrase end). The declination was determined by taking the original f0
end point in the phrase. This was done to minimize the impression that the contour
was manipulated.

The role of f0 shape and phrasal position 13



Figure 4: Stylized f0 contours on Papuan Malay (a–d) and American English (e–h) target words
following the original (a–b, e–f) and manipulated (c–d, g–h) contour in phrase medial (left) and
phrase final (right) positions. Target words are segmented on the word level (top tier) and
syllable level (bottom tier).
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2.4 Procedure

The word identification task for Papuan Malay was built using OpenSesame
(Mathôt et al. 2012), which uses a Python (Van Rossum and De Boer 1991) script
to present the stimuli on a computer. For American English, the task was built
using PsyToolkit (Stoet 2010, 2017), which provides an online environment to run
experiments remotely. The procedure was identical for each language and is
described in the following.

The experiment presented 80 wave files (medial position: 20 original, 20
manipulated, final position: 20 original, 20 manipulated; henceforth stimuli). For
each stimulus, a screen displayed the question Kata mana yang Anda dengar?
(Papuan Malay) orWhich word did you hear? (American English) and two buttons
(Figure 5). On each of the buttons the corresponding keywas shown that should be
pressed to choose one of the response words: either “1” for the word on the left, or
“0” for the word on the right. The “1” or “0” keys were aligned on the left and right
side of the keyboard respectively (above themain alphabetical panel). Participants
were instructed to use both their left and right index finger for the respective keys.
The response words were written underneath the respective buttons on the screen.
Target and distractor were randomly assigned as left or right word on the screen,
differently for each participant. The stimulus screen was displayed for 5 s in order
to let participants familiarize themselves with the two response options and to
prepare them to hear the stimulus. During the last 3 s participants heard three
successive tones of 1 kHz that cued the upcoming stimulus. The first two were
250 ms in length and the last one lasted for the entire final second before the
stimulus was played. The stimulus screen was displayed until participants had
pressed “1” or “0”. Aftermaking their choice participants needed to press space bar
to initiate the next stimulus. The space bar was chosen so that participants could

Figure 5: Screenshots of an example stimulus in Papuan Malay (left) and American English
(right).
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keep their hands on the keyboard during the entire experiment. The time partici-
pants saw the two response options prior to making a choice (stimulus familiar-
isation time) was fixed to 5 s to make sure all participants underwent the same
procedure. Note that the time between successive stimuli was participant-initiated
to allow participants to set the pace of the experiment, which has been shown to
lead to lower rates of missed responses and to improve participants’ compliance
(Krinzinger et al. 2011). This aspect is crucial for participants who had little to no
familiarity with RT experiments.

RTs were measured from the uniqueness point (UP; Taft and Hambly 1986) in
the word. For the target words in this study, the UPs would lie either after the first
segment (e.g. Papuan Malay: jata vs. kita; American English: llama vs. puma) or
after the second segment, which was the final segment of the first syllable (e.g.
Papuan Malay: tali vs. tuli; American English: taller vs. teller), see also Appendix.
Taking the reaction times relative to the UP of the target words therefore accounts
for potential language differences in the segmental makeup of the target words,
e.g. differences in the relative duration of first and second syllable, for themoment
at which participant received unambiguous cues to recognize the target word.
Thus, RTs were measured between the UP and the moment the participant had
pressed “1” or “0”. The experimentwas divided into two parts, separated by a short
break. Phrase positionswere balanced across the two parts of the experiment. That
is, one half of the participants was presentedwith phrase-medial targets in the first
part and phrase-final targets in the second part. The other half was presented with
phrase-final targets in the first part and phrase-medial targets in the second part.
The presentation order of the stimuli was random and different for each partici-
pant. This was done to balance potential effects of handedness (faster with
preferred hand), as well as other side-effects potentially associated with a fixed
order (e.g. learning effects).

Before the start of the experiment participants received instructions about the
course of the tasks. Theywere instructed to press the corresponding button on their
keyboard as quickly as possible when they heard one of the words displayed
on the screen. Then, they took a seat behind a computer and completed two
subsequent parts of the experiment. First, they receivedwritten instructions on the
screen about their task. To familiarize themselves with the task, participants
completed a practice round consisting of five stimuli, whichwere the same for each
participant and not part of the experiment. At the end of the practice round
participants were asked whether they felt they needed to practice more or whether
they were ready to start the actual task. When more practice was needed, partic-
ipants were presented additional stimuli. After each additional practice stimulus,
participants could end the practice round. Second, when participants ended the
practice session, they were asked to start the actual word identification task. After
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completing 50% of the actual identification task, participants were instructed to
take a short break. The experiment lasted approximately 25 min. Results were
collected digitally.

2.5 Participants

In total, 20 native speakers of Papuan Malay and 23 native speakers of American
English without hearing or vision problems completed the experiment for course
credit (Papuan Malay: 20 participants; mean age: 21.2; age range: 18–41. American
English: 23 participants; mean age: 20; age range: 18–23).

2.6 Statistical analysis

RTs shorter than 200ms after target onset (PapuanMalay:N= 3, American English:
N = 1) and RTs longer than 2 s after target offset were discarded (Papuan Malay:
N = 1, American English: N = 41). These latencies were considered to be erroneous,
either due to accidental keypresses or attention problems. The RTs were log-
transformed to obtain a normal distribution of the residuals (see Figure 6).
Thereafter, outliers were removed from the data, following a procedure outlined in
Baayen and Milin (2010). This involved removal of data points with absolute
standardized residuals exceeding two standard deviations. This resulted in a better
modelfit (R2 = 0.76) compared towhen outlierswere not removed orwhenRTswere
untransformed (both R2 = 0.64). The total remaining RTs for analysis was 3,169
(Papuan Malay: 1,467, American English: 1,702). Table 1 and Figure 7 report
descriptive statistics of the RTs.

Linear mixed modelling (LMM) was carried out using R (R Core Team 2019)
and the lme4 package (Bates et al. 2015). LMM fit by maximum likelihood (using

Figure 6: Quantile-quantile plots for the maximum model with untransformed reaction times
(left) and for the model with log-transformed reaction times after outlier removal (right).
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Satterthwaite approximations to degrees of freedom to calculate p-values) was
done on the offset RTs with the following predictors in the maximum model:
the interaction of language (2 levels: Papuan Malay, American English), f0
manipulation (2 levels: original, manipulated) and phrase position (2 levels:
medial, final), duration of segments before UP, UP position (2 levels: first segment,
second segment), trial number and participant age. Participant and item (target
word) were included as random intercepts with f0 manipulation as by-item
random slope (the maximal converging model). UP position, participant age, and
the interactions of language, f0 manipulation and phrase position did not have

Figure 7: Boxplots of the reaction times (log-RT) for PapuanMalay and American English correct
target word identifications.

Table : Mean reaction times (in ms and log-RT) and standard deviations (italic) from target word
UP in each language and each experimental condition.

Language Phrase
position

f
manipulation

RT
(ms)

log-RT

Papuan Malay Medial Original . (.) . (.)
Manipulated . (.) . (.)

Final Original . (.) . (.)
Manipulated . (.) . (.)

American English Medial Original . (.) . (.)
Manipulated . (.) . (.)

Final Original . (.) . (.)
Manipulated . (.) . (.)
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significant effects and were removed from the maximal model without decreasing
the model fit (R2 = 0.76). For the resulting final model collinearity was checked by
means of correlation coefficients for all the predictors. The maximum Pearson
correlation coefficient value of −0.04 was found and is considered a “very weak”
correlation (Evans 1996). Variable inflation factors of the predictors as calculated
using the ‘car’ package (Fox and Weisberg 2019) did not exceed 5, which is also
considered a sign of weak correlation (James et al. 2013). The results of this final
model are reported below.

3 Results

The statistical analysis on the reaction times showed that participants were signifi-
cantly faster for Papuan Malay than for American English (Table 2, further discussion
in Section 4). F0 manipulation showed a significant effect in that participants were
faster recognizing the original target word than recognizing the acoustically manipu-
lated one. Phrase position had a significant effect in that participants identified
the targetword fasterwhen it occurred infinalposition thanwhen it occurred inmedial
position. The duration of the segments until the UP had a significant effect in that
reaction times were longer for longer pre-UP durations. Stimulus number had a
significant effect in that participants were faster for stimuli occurring later in the
experiment.

4 Discussion and conclusion

The results of the two reaction time experiments with Papuan Malay and
American English listeners showed effects of f0 shape and phrase position on
word recognition. In addition, an unexpected main effect of language was found

Table : Effects of the LMM on the log-RTs.

predictor β SE df t p

(Intercept) . . . . <.
Language: Papuan Malay −. . . −. <.
f manipulation: manipulated . . . . <.
Phrase position: medial . . . . <.
Segment duration until UP . . . . <.
Stimulus number . . ,. −. <.
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revealing that word recognition was overall faster in Papuan Malay than in
American English. Further discussion of this effect is provided in this section.

The effect of f0 manipulation was expected and in line with previous research
showing processing benefits for pitch accented words (e.g. Cutler and Foss 1977).
In this context it is interesting that there was no interaction effect between
language and f0 manipulation. This effect would have been expected if American
English and Papuan Malay differed in their use of pitch accents. Hypothesis H1b
was therefore confirmed by the current results, suggesting that both languages use
f0 for highlighting as well as demarcation, as altering f0 shape affects word
recognition. It is important to note that the type of task as well as the acoustic
realisation of a pitch accent differed between the study by Cutler and Foss (1977)
and the current one. That is, in Cutler and Foss (1977) phoneme detection was
tested, which targets sublexical speech processing. In the current study, lexical
processing was more directly targeted by means of word identification tasks. The
task difference is relatively small, as both provide reliable indications of word
processing. The acoustic difference between the presence or absence of a pitch
accent was, however, larger in Cutler and Foss (1977) than in the current study.
In Cutler and Foss (1977) a native speaker of American English produced the
version with and without pitch accent, such that acoustic differences in the target
wordswith andwithout pitch accent were to be found in duration, intensity and f0.
In the current study, the only acoustic difference concerned f0, as this is assumed
to be the main correlate of a pitch accent (e.g. Ladd 2008). The results therefore
confirm that the shape of the f0 movement is important in both languages.

As for the effect of phrase position, this study has shown that in both Papuan
Malay and American English words in final position are identified faster than in
medial position, in line with previous findings (e.g. Shields et al. 1974). This effect
cannot be attributed to predictability on the basis of previous context (e.g. Shields
et al. 1974), since in the current study thematrix phrases did not provide contextual
cues to the upcoming target word. It is more likely that the effect of phrase position
relates to a general processing benefit for phrase-final words (see also Section 1.2).
This processing benefit might give rise to the supposedly linguistically universal
function of prosody to demarcate (Himmelmann et al. 2018) and the central role of
phrase-edges in shaping prosodic structure (Gordon 2014).

There is another aspect related to the pitch accent facilitation effect reported
in Cutler and Foss (1977) that is relevant to the interpretation of the current results.
In Cutler and Fodor (1979) it was found that phoneme monitoring was facilitated
for words occurring in a phrase position where listeners expected a pitch accent,
regardless of whether a pitch accent was acoustically realised or not. It was
therefore concluded that the accentuation effect should be interpreted as a focus
effect, which is primarily dependent on phrase position and secondarily on
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acoustic realisation. Although the current results did show larger RT differences
between original and manipulated targets in medial positions than in final posi-
tions, no interaction betweenmanipulation and positionwas found. In this regard,
the effects of f0manipulation and phrase position should be seen as separate ones,
confirming that highlighting and demarcating play a role in both languages (H1b).

The effect of language was unexpected due to the identical design of the
experiments. Note, however, that the software used to measure the reaction times
differed per language. For Papuan Malay, OpenSesame (Mathôt et al. 2012) was
used, which measures reaction times on the computer it is run. For American
English, however, reaction times were measured in the online web-interface
PsyToolkit (Stoet 2010, 2017). There is no reason to assume that the measurement
accuracy of either software was compromised or in any way imprecise. Studies
have further shown that an online or laboratory setting does not necessarily lead to
different reaction time results (Hilbig 2016; Kim et al. 2019). However, in the current
study the different settingsmight have had an influence on the audio quality of the
stimuli. That is, American English listeners were instructed to use their own
headphones, which might have been in some cases of a lower quality than the
one used consistently across participants in the Papuan Malay experiment,
thereby leading to slower RTs in American English. Studies have also shown that
a laboratory setting (cf. remote participation) could make participants focused
more on performance accuracy than on performance speed, as suggested in Slote
and Strand (2016). This would, however, predict faster RTs in American English,
counter to the current results. It is therefore unclear whether the language effect is
only the result of differences in experimental settings or also reflects genuine
language differences.

An additional post-hoc analysis was carried out to investigate whether the
stimulus material might have differed in acoustic clarity. For example, speakers
providing the stimuli might have differed in speech tempo or in overall salience
of the f0 movements. To explore this possibility, the duration and f0 range
(maximum f0 − minimum f0) in the unmanipulated target words were measured.
Recall that the intensity was scaled (Section 2.1) and therefore not expected to
cause differences in word identification latencies between Papuan Malay and
American English. The results showed that the duration of the target words did not
differ significantly between the languages (Papuan Malay: μ = 478.10, SD = 84.66;
American English: μ = 485.09, SD = 71.73;Wilcoxon signed-rank test:V = 732, n.s.).
The results of the f0 range measurements (in semitones) revealed a significantly
smaller range in PapuanMalay than in American English (PapuanMalay: μ = 5.49,
SD = 2.13; American English: μ = 8.84, SD = 7.31; Wilcoxon signed-rank test:
V = 559, p < 0.05).
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Whether and how exactly the f0 range difference affects reaction times
remains speculative. It has been shown, for example, that languages differ in the
range they use for f0 movements (e.g. Dutch and British English; De Pijper 1983).
It is conceivable that the f0 range used in the Papuan Malay experiment more
closely aligned with the range encountered in natural speech relative to the
American English materials. Further work on the production and perception side
would be needed, however, to explore this hypothesis.

To conclude, the current study reconfirmed that (original) f0 shape and
(phrase-final) positions facilitate speech processing (Section 1.2). Both Papuan
Malay and American English thus distinguish a highlighting and demarcating role
of f0, a finding that coheres with prosodic theories that separate these two func-
tions of prosody (e.g. Jun 2005, 2014). With regard to the processing of f0 as a cue
to phrase prosody, the current study has shown the importance of crosslinguistic
experimental comparisons, an area in which relatively little research has been
done (Cutler 2012).
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Appendix A

Target and distractor words in Papuan Malay and English as used in the different
phrase positions in the experiments.

Position Papuan Malay American English

Target Gloss Distractor Gloss Target Distractor

medial jata allotment kita PL llama puma
laki husband hoki plant stem really holy
ruma house lama to be long (of

duration)
needy moody

tali cord tuli to be deaf taller teller
ribu thousand rubu to collapse roller ruler
satu one situ L.MED sully silly
tiga three juga also fuzzy dizzy
tuju seven maju to advance fishy bushy
buru to hunt baru to be new burrow borrow
butu to need jatu to fall lucky rocky
kira to think tara to be matching psycho taco
luru to chase after biru to be blue worry berry
pili to choose kali river tuna china
pisa to be separate hosa to pant polo cello
suka to enjoy nika to marry officially silly Jolly
bisa to be able basa to be wet butter batter
gila to be crazy mala even ditto ghetto
kaco to tell off koco to tell off petty pity
mara to feel angry mera to be red moody muddy
lusa day after tomorrow masa to be impossible limo memo

final besi metal nasi cooked rice body lady
duri thorn diri self belly bully
gaba unhulled paddy tiba to arrive baggy foggy
gigi tooth pagi morning beady tidy
gora water apple gara to irritate runny rainy
lida tongue lada pepper lousy lazy
mace woman cece great-grandchild naggy piggy
mati to die meti low tide pillow polo
paku nail suku ethnic group kitty fatty
puri anchovy-like fish kiri left picky caky
rawa swamp kewa dance party buggy soggy
sala to be wrong hela to haul kilo Halo
subu very early morning tubu body fallow shallow
tipu to cheat tepu to clap phoney funny
tugu monument lagu song sorry marry
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