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Chapter 1 1

Chapter 1 Introduction

1.1 Dissertation goals

Languages differ in their use of prosodic cues to differentiate word meanings. For
instance, Mandarin Chinese (henceforth Mandarin), a canonical tone language,
exploits pitch variations on each syllable to mark lexical contrasts. Word meaning
changes as pitch patterns change. Pitch patterns, based on acoustic perceptual
features, consist of two dimensions: pitch level and pitch contour. Four pitch
patterns, namely, high-level tone (Tone 1), rising tone (Tone 2), dipping tone (Tone
3) and falling tone (Tone 4) can be carried by a syllable in Mandarin (Chao, 1948;
Ho, 1976; Howie, 1976; Lin, 1988). For instance, the meaning of the syllable /ma/
changes in terms of pitch patterns Tone 1, Tone 2, Tone 3 and Tone 4 as “mother”,
“numb”, “horse”, and “to blame”, respectively.

Different from Mandarin, Dutch uses word stress to differentiate words. One
syllable of any multi-syllabic word is typically marked with higher stress than the
other syllable(s) (Kager, 1989; Booij, 1995; Trommelen & Zonneveld, 1999;
Rietveld et al., 2004). The meanings of words with identical segments can then be
signaled by the position of stress. For instance, VOORnaam' means “first name”
when the stress is located on the first syllable, while voorNAAM means
“distinguished” when the stress is on the second syllable.

While Mandarin and Dutch exploit pitch variations and word stress position,
respectively, in word prosody, Tokyo Japanese (henceforth Japanese) uses the
position of pitch accent to contrast lexical meanings. The meaning of a word in
Japanese is determined by the presence or absence of an abrupt pitch fall (termed
“pitch accent”) and, if present, by the position of pitch accent in any multi-moraic
word (Poser 1984; Haraguchi, 1999; Kubozono, 2008; Kawahara, 2015). For
instance, the disyllabic (bimoraic) word “hashi” /hafi/ signals three lexical meanings
depending on the presence and position of the pitch accent: “chopsticks” when the
pitch accent falls on the first syllable, “bridge” when the pitch accent falls on the
final syllable and “edge” when there is no pitch accent.

Prima facie, the three languages discussed above employ different word-
prosodic cues (WPCs) in their lexicons. Mandarin uses lexical tones consisting of
pitch contour contrasts. Dutch employs the position of word stress, while Japanese
uses the position of lexical pitch accent. Nonetheless, the WPCs they use do share
commonalities. For instance, Mandarin and Japanese use lexical pitch: pitch
variations in Mandarin and pitch accent in Japanese. Japanese and Dutch use the

! A capitalized syllable represents that the syllable is stressed.
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abstract feature of positional marking: position of pitch accent in Japanese and
position of stress in Dutch. Therefore, in terms of the use of WPC, the three
languages can be arranged into two intersecting sets, one for lexical use of pitch, and
the other for lexical use of position, as arranged in the Venn diagram in Figure 1.

Dutch:
use of position
(stress)

Japanese:
use of
position
of pitch

Mandarin:
use of pitch only

Figure 1.1. Employment of WPCs in Mandarin, Dutch, and Japanese

The use of lexical pitch and positional marking in the various languages plays a
role in native WPC perception (Halléet al., 2004; Xu et al., 2006; Liu et al., 2017,
Ayusawa et al., 1995; Sugiyama, 2008; Van Heuven, 1985 among others). How do
listeners from different language backgrounds perceive non-native pitch-based and
position-based cues? How does native word prosody influence perception of non-
native WPCs? An extensive body of studies has investigated perceptions of non-
native pitch contrasts (lexical tones) in isolated syllables cross-linguistically (Lee et
al., 1996; So & Best, 2010; Schaefer & Darcy, 2014; Burnham et al., 2015, among
others). These studies reveal language-specific perceptual patterns across listeners
from different language backgrounds. However, comparatively less is known about
the role of native prosody in the perception of non-native positional marking from a
cross-linguistic perspective. Studies on perception of non-native positional marking
are very few and have focused on perception of word stress or lexical pitch accent
position. For instance, Dupoux et al. (1997) found naive French listeners, who do
not use any WPCs in their native language (Rossi, 1980; Vaissiée, 1991; Di Cristo,
1998), were able to discriminate contrastive stress position in Spanish. Hu (2015)
observed that naive Dutch listeners who use stress lexically were good at
discriminating Japanese pitch accent position. It is not fully understood how native
word prosody contributes to perceiving non-native positional marking from a cross-
linguistic perspective. Specifically, no study to date has elucidated the role native
word prosody plays in the perception of non-native pitch contrasts with positional
marking, i.e., non-native tone contrasts in position and non-native pitch contrasts
occurring in different positions in a word.

Furthermore, previous studies investigating the processing of non-native pitch
contrasts and non-native positional marking have mainly centered at the acoustic
level. However, prosodic processing does not only involve sensory-auditory
processing (i.e., processing at the acoustic level) but also involves higher linguistic
levels such as the phonological level, a more abstract level than the acoustic level
where acoustic traces that listeners might rely on are inaccessible (Dupoux et al.,
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2001, 2008) and the lexical level where phonological knowledge is encoded to build
lexical representations in word learning (Wong & Perrachione, 2007; Zatorre &
Gandour, 2008; Wang & Cooper, 2013; Braun et al., 2014). Compared with cross-
linguistic studies on acoustic perception, there is a paucity of studies investigating
the perception of non-native WPCs at the two higher linguistic processing levels.
For instance, naive French listeners were found able to discriminate contrastive
Spanish stress acoustically but failed to process it phonologically (Dupoux et al.,
1997, 2001, 2008). Braun et al. (2014) reported that Japanese listeners who were
good at perceiving non-native tones acoustically (So & Best, 2010; Schaefer &
Darcy, 2014) had difficulty establishing lexical representations of non-native tones
mapped with meaning. Crucially, these findings suggest that the capability of
perceiving non-native tones or positional pitch marking acoustically does not entail
a successful processing at the phonological level or guarantee success in encoding
these properties in lexical representations. So far, no study has taken a cross-
linguistic perspective to address how listeners from different language backgrounds
perceive non-native pitch contrasts with consideration of position at the two
linguistic levels or the extent to which native word prosody modulates phonological
processing and encoding of non-native WPCs when establishing lexical
representations in word learning.

Taken together, the overarching goal of this dissertation is to better understand
the role of native word prosody in the processing of non-native WPCs (i.e., non-
native pitch contrasts and position), not only at the auditory-acoustic level but also
at the phonological level and lexical level (i.e., in word learning). Mandarin,
Japanese, and Dutch listeners are selected as participants in the study since the three
languages both differ and yet share in certain common properties with respect to
their use of WPCs. Hence, the dissertation attempts to address language-specificities
but also language-commonalities relevant to the perception of non-native WPCs at
three processing levels within one single study. This helps us to develop a fuller
understanding of the dynamic function of WPCs used in human languages across
low to high linguistic processing levels and of the ways in which phonological
knowledge is used in sound-to-meaning mapping. To this end, three empirical
studies will be conducted with respect to the three processing levels in Chapter 2
(acoustic level), Chapter 3 (phonological level), and Chapter 4 (word learning). The
current introductory chapter will provide a literature review, elaborate
methodologies applied in the study, put forward research questions, and outline the
subsequent dissertation chapters.

1.2 Perception of non-native WPCs at the acoustic level

In this section, I will review previous studies on the perception of non-native WPCs
(pitch contrasts and position) involved in identification and discrimination tasks.
Identification and discrimination tasks are two general types of tasks used to
examine the perception of phonetic contrasts (e.g., segmentals and suprasegmentals)
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(Strange & Shafer, 2008). In an identification task, listeners are presented with
recorded stimuli one at a time and are required to identify or label each stimulus as
an instance of a discrete phonetic category. This task tends to encourage an acoustic
mode of listening (Strange & Shafer, 2008). In a discrimination task, two (AX) or
more (ABX) stimuli are presented, and listeners are asked to judge the relationship
between the stimuli, e.g., whether the stimuli are the same or different. In an AX
discrimination task, for example, listeners should determine whether or not target
stimulus X matches item A. In an ABX (or AXB) task, listeners should judge
whether a target stimulus X matches item A or item B. Compared with ABX tasks,
the AX task imposes less memory load on listeners in that listeners retain less of an
auditory trace of the previous stimulus in short-term memory storage and can thus
make a same-or-different judgment based on an immediate acoustic comparison of
the two stimuli (Logan & Pruitt, 1995; Strange & Shafer, 2008). In ABX tasks,
listeners have to retain more acoustic information of the stimuli, which may, to some
extent, tap into the listener’s phonological representations (Dupoux et al., 1997).
However, ABX tasks are still regarded as phonetically oriented in that the memory
load on listeners is relatively small and listeners can still rely on detailed acoustic
information in the stimuli (Strange & Shafer, 2008). This is unlike tasks designed
for phonological processing such as the sequence recall task, which has a relatively
high memory load and much phonetic variability, rendering acoustic traces
inaccessible (Dupoux et al., 1997; Dupoux et al., 2001; Strange & Shafer, 2008) (to
be discussed in detail in 8L.3). Therefore, in the current section ABX discrimination
tasks are regarded as tasks that deal with perception at the acoustic level, together
with the AX task and identification tasks.

Section 1.2.1 will review studies that have investigated perception of non-
native pitch contrasts (pitch contour and pitch level) at the acoustic level. Section
1.2.2 will discuss studies on the perception of non-native positional contrasts at the
acoustic level. Each section will focus on investigations into Mandarin, Japanese,
and Dutch listeners and compare the three language groups with each other.

1.2.1 Perception of non-native pitch contrasts at the acoustic level

1.2.1.1 Perception of non-native pitch contrasts at the acoustic level by
Mandarin listeners

Empirical studies have revealed that linguistic experience with lexical tones in one’s
native language plays an important role in a listener’s acoustic identification and
discrimination of non-native tones (Lee et al, 1996; Burnham et al., 1996; Gottfried
& Suiter 1997; Burnham & Francis, 1997; Wang et al., 1999; Wayland & Guion,
2004; Wu & Lin, 2008; Schaefer & Darcy, 2014; Burnham et al., 2015; Reid et al.,
2015). The current section will review studies that investigated Mandarin listeners’
perception of non-native pitch contrasts (pitch level/pitch contour) and will compare
Mandarin listeners with listeners from different language backgrounds.
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It has been shown that having lexical pitch in their native language can
facilitate Mandarin listeners when perceiving non-native pitch contrasts. For
instance, Schaefer & Darcy (2014) investigated Mandarin and Japanese listeners,
whose native languages have lexical pitch, in comparison with English and Seoul
Korean listeners, whose native languages do not use lexical pitch, in discriminating
Thai tonal contrasts (pitch contour contrast (rising vs. falling), pitch level contrast
(low vs. high, low vs. mid and high vs. mid), and mixed contrast (pitch contour vs.
pitch level)) in an AXB discrimination task. They found that Mandarin listeners
showed a significant perceptual advantage over listeners who do not use lexical
pitch (i.e., English and Seoul Korean listeners). Likewise, Burnham et al. (2015)
compared Cantonese, Mandarin, Swedish, and English listeners discriminating Thai
tones in an AX task. They reported that Mandarin listeners, together with Cantonese
and Swedish listeners who both also use lexical pitch, showed an overall better
performance than English listeners without the use of lexical pitch. Their findings
show that prior experience with native lexical tones benefits Mandarin listeners in
non-native tone perception. Furthermore, neurophysiological studies have observed
that Mandarin listeners perceiving Thai tones manifest a more sensitive brain stem
mechanism for pitch representation compared with English listeners, reflected by
more pitch strength and better pitch tracking accuracy (Krishnan & Gandour, 2009;
Krishnan et al., 2009; Krishnan et al., 2010; Krishnan et al., 2005).

On the other hand, various other studies have shown that the employment of
lexical pitch in one’s native language does not necessarily benefit perception of non-
native pitch contrasts (Qin & Mok, 2013; Lee et al., 1996; Francis et al., 2008; Li &
Shuai, 2011; Reid et al., 2015). For instance, Qin & Mok (2013) examined Mandarin,
English, and French listeners perceiving Cantonese tonal contrasts in an AX
discrimination task and found that Mandarin listeners had difficulty discriminating
Cantonese level tones (mid level tone vs. low level tone). Francis et al. (2008)
investigated Mandarin listeners and English listeners’ identification of six Cantonese
tones (high level tone, high rising tone, mid level tone, low falling tone, low rising
tone and low level tone) by an identification task where listeners heard a tone and
had to choose the corresponding visualized line pattern representing the tone (e.g., a
high flat line pattern represented high level tone). They found that Mandarin
listeners showed confusion in identifying the two rising tones (low rising tone and
high rising tone) and two level tones (mid level tone and low level tone). In another
study, Reid et al. (2015) conducted a category assimilation task where listeners had
to map the non-native Thai tone they heard to a native tonal category. They reported
that Mandarin listeners perceived Thai high level tone and mid level tone both as the
native high level tone. The perceptual difficulties observed in Mandarin listeners
might be due to a lack of one-to-one mapping between the non-native tone and the
native tone category (Qin & Mok, 2013; Francis et al., 2008; Reid et al., 2015;
Burnham et al., 2015). According to the Perceptual Assimilation Model (PAM)
proposed by Best (1995) (See also So & Best, 2014; Best & Tyler 2007; So & Best,
2010), if the non-native phonemic contrast can be mapped onto two distinctive
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categories in the native language, it will yield good discrimination. If the non-native
phonemic contrasts are mapped onto one single category in the native language, it
will bring about poor discrimination. For instance, the difficulty discriminating
between the Cantonese two level tones by Mandarin listeners in Qin & Mok (2013)
could be explained as resulting from a mapping of the two Cantonese level tones
onto a single category, the high level tone, in Mandarin.

Furthermore, it was observed that Mandarin listeners assigned different weights
to acoustic features of pitch in non-native tone perception, compared with listeners
from other language backgrounds (Gandour & Harshman, 1978; Gandour, 1983;
Francis et al., 2008; Li & Shuai, 2011). For instance, Gandour (1983) examined tone
language listeners, Cantonese and Mandarin listeners, and non-tone language
listeners, English listeners, perceiving tones (synthesized artificial tones) that
differed in pitch contour and pitch level. Listeners had to rate the similarity between
the two tones they heard on a 1 (least similar) to 9 (most similar) scale. Via multi-
dimensional scaling (MDS) analysis, he found that Mandarin listeners were more
sensitive to pitch contour changes than to pitch level changes while English listeners
attended more to pitch level than to pitch contour changes. Francis et al. (2008)
conducted an identification task where listeners had to identify the tone they heard
by choosing a visualized pitch pattern and rate the degree of similarity of the two
tones on a 1-10 scale. They observed similar findings that Mandarin listeners
attended more to pitch contour contrasts than to pitch level contrasts in non-native
Cantonese tone perception and they further proposed that such perception is
determined by the relative weight assigned to specific tone features, which in turn is
determined by the demands of pitch contrasts in the native language. According to
Francis et al. (2008), Mandarin uses lexical tones that are contrastive in pitch
contour instead of pitch level, which is why Mandarin listeners give more weight to
pitch contour contrasts than to pitch level contrasts during non-native tone
perception.

To sum up, the use of lexical pitch in the native language influences Mandarin
listeners’ perception of non-native pitch contrasts, either as facilitation or as
interference. By and large, Mandarin listeners were found to be sensitive to non-
native pitch contrasts (e.g., Thai tones, Cantonese tones) and showed an overall
advantage over listeners who do not employ lexical pitch in their native language
(such as English listeners and Korean listeners) (Wayland & Guion, 2004; Schaefer
& Darcy, 2014; Krishnan, Swaminathan et al., 2009; Krishnan et al. 2010; Gandour,
2010). However, Mandarin listeners’ non-native tone perception is also influenced
by the relationship between the specific tone set in their native language compared
to that in the non-native language. Their perception was found to be impeded when
there was no one-to-one mapping between the non-native tones and the native tone
categories (Francis et al., 2008; Qin & Mok, 2014; So & Best, 2010; Li &Shuai,
2011; Reid et al., 2015). Moreover, the use of contrastive lexical pitch contours in
the native language determines their sensitivity to non-native pitch contour changes,
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more so than to pitch level changes (Gandour, 1983; Francis et al., 2008; Abramson,
1979; Xu et al. 2006).

1.2.1.2 Perception of non-native pitch contrasts at the acoustic level by
Japanese listeners

The current section will review studies on the perception of non-native pitch
contrasts by Japanese listeners and compare them with listeners from other language
backgrounds.

Japanese uses an abrupt pitch fall, termed “pitch accent”, to signal lexical
contrasts in a prosodic word (Poser, 1984; Kubozono, 2008; Kitahara, 2001;
Kawahara, 2015). More specifically, pitch accent is used in two ways to differentiate
word meanings: first, whether or not it is present, and second, if present, where it is
located (Haraguchi, 1999; Poser, 1984; Vance, 1987; Kubozono, 2008; Kawahara,
2015). For instance, the disyllabic (here, also bimoraic) word “hashi” /hafi/ signals
three meanings: “chopsticks” (accent on the first syllable), “bridge” (accent on the
final syllable) and “edge” (no accent). The accentual patterns are mapped onto
surface tonal patterns, that is, in the presence of the accent (marked with an
apostrophe (*)). Generally speaking, for words with light syllables (i.e., one syllable
contains one mora (C)V)?, if the accent falls on the first mora, the accented mora
receives a high pitch (H) and the following mora receives a low pitch (L). If the
accent falls on the second or later mora, the first mora receives a low pitch and the
moras from the second until the accented one all receive a high pitch. When the
word is unaccented, the first mora has a low pitch and the remaining moras have a
high pitch (Haraguchi, 1999; Kubozono, 2008; Uwano, 1999). Japanese lexically
uses only two levels of tonal heights H and L* (Kawahara, 2015). Continuing with
/hafi/ (“hashi”) as an example, according to its accentual patterns it has three tonal
patterns: H’L (accent on the first syllable), LH’ (accent on the final syllable) and LH
(unaccented). Note that minimal pairs due to a contrast in the position and/or
absence/presence of pitch accent in Japanese are limited overall, accounting for
approximately 20% of all minimal pairs in the language according to Pierrehumbert
and Beckman (1988) (see also Wu et al., 2012), or 14% of all minimal pairs
according to Shibata & Shibata (1990).

There has been debate about whether languages such as Japanese should be
characterized in the typology of word level prosody as a restricted type of tone
language or as forming a distinct category of pitch accent languages (McCawley,

2 Note that the rules for tonal patterns discussed here do not include heavy syllables (i.e., one
syllable contains two moras). In Tokyo Japanese, except initially-accented, the first two
moras (i.e., heavy syllables) can both receive high pitch (Haraguchi, 1977, 1991; Vance, 1987,
2008.)

% McCawley (1968) used mid tone (M) to represent downstepped H, a lowered H tone
following another H tone. However, it is safe to say that at the lexical level Japanese makes
use of only two level tones H and L tone (Kawahara, 2015).
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1977, 1978; Beckman, 1986; Ladd, 1996; Hyman, 2006, 2009). The term “pitch
accent” used in the current dissertation should not be taken to mean that Japanese is
regarded as a pitch accent language, but rather as “a subclass of tone languages”
(Yip, 2002: 2). Following Hyman (2006, 2009), the term “tone languages” refers to
languages in which “pitch enters into the lexical realisation of at least some
morphemes” (Hyman, 2006:229), including canonical tone languages such as
Mandarin and Cantonese as well as tone languages with a restricted tonal system
such as Tokyo Japanese. Note that despite the employment of pitch for lexical
contrasts in Japanese, pitch is used in a different manner than in canonical tone
languages. In canonical tone languages such as Mandarin, almost* each syllable
bears pitch variations (tones) that can contrast lexical meanings (Yip, 2002), while
in Japanese it is the relative pitch levels between two successive syllables® (the HL
pitch fall) that is important for differentiating lexical items (Kitahara, 2001).

Studies® on Japanese listeners’ perception of non-native pitch contrasts yield
mixed results. Some studies have reported that due to the employment of lexical
pitch accent, Japanese listeners were perceptually sensitive to non-native tones and
showed perceptual advantage over listeners who do not employ lexical pitch in their
native language (So, 2010, 2012; So & Best, 2010, 2012; Schaefer & Darcy, 2014;
among others). For example, Schaefer & Darcy (2014), using an AXB
discrimination task, studied perception of Thai tones contrasting in pitch level and
pitch contour by Mandarin listeners, Japanese listeners, English listeners, and Seoul
Korean listeners. Their findings showed that Japanese listeners had a significantly
better performance than the non-tone language listeners (English listeners and Seoul
Korean listeners). Interestingly, Japanese listeners were found to be only marginally’
less accurate than canonical tone language listeners, Mandarin listeners, in
discriminating non-native Thai tones, which suggests the pivotal role lexical pitch
plays in non-native tone perception (Lee et al. 1996; Wayland & Guion 2004;
Burnham et al., 2015). Their findings are in line with So & Best (2010) who found
that Japanese listeners performed as well as canonical tone language listeners,
Cantonese listeners, and outperformed English listeners in identifying Mandarin
tones.

However, it is not always the case that prior experience using lexical pitch
accent in the native language facilitates Japanese listeners’ perception of non-native
pitch contrasts. For instance, Wong (2019) conducted an AXB discrimination task to
investigate perception of Cantonese tones by Japanese listeners. She found that

* There are a small number of syllables in Mandarin that don't bear tones, the neutral tones,
which will be briefly discussed in 81.2.2.1.

® «gyllable” in this dissertation refers to a monomoraic (C)V syllable.

® How Japanese listeners perceive native pitch accentual patterns will be discussed in §L.2.2.2
regarding the perception of position since Japanese accentual patterns are signaled by the
presence and position of pitch accent.

" The difference in perceptual performance between Japanese and Mandarin listeners was
marginal (p = 0.087) (Schaefer & Darcy, 2014: 502).
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Japanese listeners had difficulty discriminating low rising (T5) and high rising (T2)
tones in Cantonese, presumably due to a lack of distinctive contour categories in
Japanese word prosody. So & Best (2010) examined Japanese listeners’ perception
of Mandarin tones. They applied a four-choice identification task where listeners
should identify the correct tone out of four (all represented in pitch patterns, e.g.,
high level tone T1 was represented as a flat line pattern) and reported that Japanese
listeners displayed confusion when identifying specific tones, that is, they
misidentified the Mandarin falling tone T4 as a rising tone T2. The findings
contradicted So (2010) in that Japanese listeners were able to assimilate Mandarin
T2 and T4 onto their native accentual categories LH and HL. The authors argue that
Japanese listeners’ confusion when identifying Mandarin T4 and T2 could be due to
a preference for rising pattern in Japanese disyllabic (bimoraic) words. Disyllabic
accented words in Japanese can have ecither a LH* or H’L tonal pattern which
resemble rising and falling tones, respectively, in Mandarin (So & Best, 2010).
However, when the same word is unaccented, Japanese speakers showed a tendency
to produce the word with a rising pattern on the last syllable (Fujisaki et al. 1996;
Cutler & Otake 1999; Nagano-Madsen, 2003). The preference for the rising pattern
in the native language could lead to misidentifying T4 as T2 in Japanese listeners.

Moreover, it was found that native word prosody determines Japanese listeners’
perceptual weight assigned to non-native pitch contrasts. Guion & Pederson (2007)
examined Japanese listeners’ and English listeners’ perception of nine synthesized
tones contrasting in pitch level (low vs. mid vs. high level tones) and/or contour
(rising vs. falling tones). The listeners were required to rate the similarity of a tonal
pair on a 1-9 scale (from “no difference” to “extreme difference”). They found that
Japanese listeners attended more to non-native pitch level contrasts than contour
contrasts, and were especially sensitive to high level tones compared to all other
tones. Their sensitivity, in particular to high level tones may be due to the fact that
Japanese uses a high pitch (H) as the primary cue to mark an accented syllable in
word prosody (Guion & Pederson, 2007; Fujisaki et al., 1996).

Taken together, previous studies have underscored the role of lexical pitch in
Japanese listeners’ auditory perception of non-native tones. They were found to
benefit from the employment of lexical pitch accent: they displayed better
performance than non-tone language listeners and they were not worse than
canonical tone language listeners (such as Mandarin listeners and Cantonese
listeners) at identifying or discriminating non-native tones (Schaefer & Darcy 2014;
So & Best, 2010, 2012). On the other hand, a lack of one-to-one mapping between
non-native tones and native accentual categories might hinder their perception (So &
Best, 2010; Wong, 2019). Moreover, native word prosody shapes the perceptual
weighting Japanese listeners assign in perception of non-native pitch contrasts in
monosyllables. The contrastive H tone and L tone in word prosody and the
employment of a high pitch marked in the accented mora may influence them to be
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more sensitive to non-native pitch level contrasts than non-native pitch contour
contrasts (Fujisaki et al. 1996; Guion & Pederson 2007).

1.2.1.3 Perception of non-native pitch contrasts at the acoustic level by Dutch
listeners

Dutch has lexically contrastive stress, the position of which is constrained by
phonological properties such as syllable structure (e.g., syllable weight: heavy vs.
light) (Kager, 1989; Trommelen & Zonneveld, 1986, 1999; Booij, 1995; Hulst &
Kooij, 1992). Dutch uses lexical stress to differentiate word meanings; segmentally
identical words can have different meanings due to the position of stress. For
instance, VOORnaam means “forename” and vOoorNAAM means “distinguished”.
Note that the number of minimal pairs that differ only in the position of stress is
limited, as few as 14 pairs according to Cutler (1986). In Dutch, the syllable in a
polysyllabic word that receives prominent stress is instantiated by acoustic correlates
such as longer duration, larger spectral tilt, greater intensity and higher pitch (Van
Heuven & Sluijter, 1996; Sluijter, 1995; Sluijter & Van Heuven, 1996; Quené& 1992;
Gussenhoven, 2004).

Although Dutch does not utilize pitch at the word level, Dutch listeners are
found able to identify or discriminate non-native tonal contrasts acoustically and are
perceptually sensitive to subtle pitch differences in non-native tone perception
(Leather, 1987, 1990; Chen et al., 2016; Liu et al., 2017). For instance, Leather
(1987) conducted an identification task to investigate Dutch and English listeners,
compared with Mandarin natives, perceiving Mandarin tones changing from the
Mandarin high level tone T1 to the rising tone T2 on a nine-step synthetic
continuum. Dutch listeners were found able to identify the tonal steps within the
same tone but they did not show a tendency to categorize the tonal steps. Similarly,
Liu et al. (2017) created an eight-step continuum from the Mandarin high level tone
T1 to the falling tone T4, and applied two identification tasks (forced choice and
open choice) and two discrimination tasks (AX and ABX). They found that in
identification tasks Dutch listeners were worse than Mandarin listeners and they
tended to focus on detailed acoustic properties rather than categorizing tones.
However, in discrimination tasks, Dutch listeners showed slightly better
performance than Mandarin listeners. These findings suggest that Dutch listeners
perceive non-native tones in a psycho-acoustic fashion and a lack of tonal categories
in the native language may to some extent facilitate Dutch listeners’ detection of
subtle tonal differences (Liu et al., 2017). A sensitivity to pitch differences in non-
native tone perception by Dutch listeners can be due to the influence of the use of
lexical stress and the intonation system in the native language (Liu et al., 2017).
Pitch is one of the acoustic correlates of lexical stress in Dutch, that is, the stressed
syllable in a word is realized by a higher pitch together with longer duration and
larger amplitude (Gussenhoven, 2004); it is a reliable cue to differentiate stressed vs.
unstressed syllable(s) in a word when the word is realized with a nuclear pitch
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accent (for example, under narrow focus) (Sluijter & Van Heuven, 1996a, 1996b).
The employment of stress may improve Dutch listeners’ sensitivity to pitch
differences. Moreover, Dutch has a rich inventory of nuclear pitch accents in
intonation (Gussenhoven, 2004), which may further enhance Dutch listeners’
detection of pitch differences in non-native tone perception.

In order to investigate whether native word prosody and/or intonation influence
non-native tone perception, Braun & Johnson (2011) compared Dutch and Mandarin
listeners’ perception of different pitch patterns. They first assigned a pitch rise or a
pitch fall resembling Mandarin T2 and T4, respectively (produced by a German
speaker) on the first syllable in disyllabic trochaic nonwords and later assigned a
pitch rise or a pitch fall on the second syllable. They conducted speeded ABX tasks
and found that the Mandarin listeners were sensitive to perceive the pitch patterns on
both syllables. The rise and fall contours may signal lexical tones (i.e., rising tone
and falling tone) to Mandarin listeners. In contrast, Dutch listeners were observed to
be more attentive to the pitch patterns on the final syllable than the initial syllable,
which could be due to the fact that final pitch movements may signal post-lexical
information to Dutch listeners such as question and statement contour (Haan et al.,
1997; Van Heuven & Haan, 2002; Van Heuven & Kirsner, 2004; Van Heuven,
2017).

To conclude, previous studies have revealed that Dutch listeners can
discriminate subtle pitch differences in non-native tone perception, although they do
not use lexical tones to distinguish words. On the one hand, the lack of tonal
categories at word prosody may bring difficulty to Dutch listeners when identifying
tones. However, they are not “deaf” to tones. Indeed, they were found to pay more
attention to the detailed acoustic properties such as onset and offset of the tones or
subtle fundamental pitch differences, which suggests a psycho-acoustic perceptual
pattern (Leather 1987, 1990; Wu & Lin, 2008; Liu et al., 2017). Their capability of
discriminating tonal contrasts (e.g., Mandarin tones) can be due to the use of lexical
stress, of which pitch is an acoustic correlate, and a diversity of nuclear pitch accents
in the intonation. Indeed, their perception of non-native tones is influenced by pitch
patterns in the native intonation. They were found better at perceiving non-native
pitch patterns that can signal linguistic (i.e., post-lexical) meaning in Dutch, that is,
they tended to associate rising and falling pitch contour to intonation patterns
signaling question and statement (Braun & Johnson, 2011).

1.2.1.4 Summary

The studies reviewed above have underscored the important role native word
prosody plays in non-native tone perception at the acoustic level. More specifically,
tone language listeners, here Mandarin listeners and Japanese listeners, seem to
share commonalities in perceiving non-native tones acoustically. On the one hand,
they are both found to benefit from the use of lexical pitch (i.e., lexical tones and
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lexical pitch accent) and to show perceptual advantage over listeners who do not use
lexical pitch (i.e., English, Seoul Korean listeners) in the identification and
discrimination of non-native pitch contrasts. On the other hand, both groups are
observed to be hindered in their perception of specific non-native tones when there
is no clear one-to-one mapping between the native tonal category and the non-native
tones (Francis et al., 2008; So, 2006; So & Best, 2010; Qin & Mok, 2013; Reid et al.,
2015; Wong, 2019). However, despite their linguistic experience with lexical tones
in both of the languages, they assign different perceptual weighting to non-native
pitch contrasts. Mandarin listeners are found more attentive to non-native pitch
contour contrasts than non-native pitch level contrasts in monosyllables, while
Japanese listeners were the other way around. Such differences are determined by
the demands of pitch contrasts (contour/level) in the native language (Xu et al., 2006;
Francis et al., 2008; Li & Shuai, 2011; Guion & Pederson, 2007).

Listeners who do not use lexical pitch, such as Dutch listeners, are overall not
as good at non-native tone perception as listeners who use lexical pitch. However,
they are not “tone deaf” and are found able to discriminate detailed pitch differences
in non-native tone perception (Leather et al., 1987; Hall€et al., 2004; Chen et al.,
2016; Liu et al.,, 2017). The ability to distinguish non-native tonal contrasts
acoustically in listeners without use of lexical pitch (i.e., Dutch listeners) can be
influenced by the native intonation. For instance, as shown in Braun & Johnson
(2011), Dutch listeners tended to perceive non-native pitch patterns as resembling
intonation contours that signal post-lexical meanings.

This section discussed the differences and commonalities between listeners
with or without lexical pitch in their native language when perceiving non-native
pitch contrasts, as well as how native word prosody and intonation may also
influence listeners’ non-native tone perception at the acoustic level. However, cross-
linguistic studies on the perception of non-native pitch contrasts have mainly
focused on monosyllables. The next section will discuss how listeners with (i.e.,
Japanese and Dutch listeners) or without (i.e., Mandarin listeners) use of lexical
positional marking perceive non-native positional contrasts at the acoustic level.

1.2.2 Perception of non-native positional marking at the acoustic level

As introduced before, apart from pitch, positional marking is a crucial cue employed
at the word level in languages such as Japanese and Dutch to signal lexical contrasts.
However, compared with extensive studies on cross-linguistic acoustic perception of
non-native pitch contrasts (Gandour, 1983; Hall€et al., 2004; Francis et al., 2008;
So & Best, 2010; Schaefer & Darcy, 2014; Liu et al., 2017; among others), there are
very few genuine studies that have investigated cross-linguistic perception of non-
native positional contrasts (Dupoux et al., 1997; Dupoux et al., 2001; Hu, 2015).
Studies on the perception of non-native positional contrasts have mainly focused on
second language (L2) listeners (for word stress: Altmann &Vogel, 2002; Altmann,
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2006; Wang, 2008; Lai, 2008; Kijak, 2009; Michaux et al., 2014; Chrabaszcz et al.,
2014; for lexical pitch accent: Ayusawa & Odaka, 1998; Ayusawa, 2003; Goss,
2015; Shport, 2008, 2011; Ishihara et al., 2011; Tsurutani et al., 2010). The current
section will review studies that investigate perception of non-native positional
marking (word stress and lexical pitch accent). Due to a small number of studies on
the perception of non-native positional marking, L2 studies on Mandarin, Japanese,
and Dutch listeners will also be reviewed.

1.2.2.1 Perception of non-native positional marking at the acoustic level by
Mandarin listeners

In Mandarin, pitch variations (lexical tones) are the primary cue used to distinguish
word meanings. Aside from neutral tones® which are regarded as unstressed or
having weak stress (e.g., dongxi TITI1 “east west” vs. dongxi T1-neutral tone
“something”), there is, in general, no lexical stress or positional marking in
Mandarin, (Chao, 1979; Wang, 1997; Yip, 2002; Lu & Wang, 2005; Duanmu, 2007;
Cao, 1992; Bao & Lin, 2014). There is a lack of studies investigating the perception
of non-native positional contrasts by native Mandarin listeners. Most studies on the
perception of non-native positional marking by Mandarin listeners have focused on
L2 listeners, that is, whether Mandarin L2 learners can acquire and thus perceive
positional contrasts such as lexical stress (English stress: Altmann & Vogel, 2002;
Wang, 2008; Lai, 2008; Altmann, 2006; Yu & Andruski, 2010; Chrabaszcz et al.,
2014; Polish stress: Kijak, 2009) or lexical pitch accent (Japanese pitch accent:
Ayusawa & Nishinuma, 1997; Ayusawa et al., 1995, 1997a, 1997b, 1999; Ayusawa
& Odaka, 1998; Ayusawa, 2003; Goss, 2005; Ishihara et al., 2011).

More specifically, studies on the perception of word stress have mainly
centered on 1) what perceptual cues Mandarin L2 learners rely on to perceive stress
(e.g., English stress) (Wang, 2008; Lai, 2008; Chrabaszcz et al., 2014) considering
that word stress in English has several acoustic correlates such as vowel quality,
duration, pitch, and intensity (Bolinger, 1961; Fry, 1958; Lehiste, 1970; Beckman,
1986) and 2) whether Mandarin L2 learners can identify stress position (Yu &
Andruski, 2010; Altmann & Vogel, 2002; Altman, 2006; Kijak, 2009). For instance,
Wang (2008) investigated perception of contrastive English stress position by

® There are a small number of syllables in Mandarin that do not have an underlying tonal
pattern, i.e., neutral tones. Neutral tones are often found in function words such as particles or
suffixes. On the one hand, they are regarded as contextual tones (Yip, 2002). The realization
of neutral tones is highly influenced by the tonal context: the pitch contour of a neutral tone
varies depending on the preceding lexical tone (Yip, 2002; Wang, 2004; Duanmu, 2007). On
the other hand, neutral tones are regarded as unstressed or having weak stress (Wang, 1997;
Lu & Wang, 2005; Duanmu, 2007; Cao, 1992; Bao & Lin, 2014). Compared to their tonal
counterparts, neutral tones have a shorter duration and weaker amplitude. They do not occur
word initially but often occur in the final unstressed (or weak stressed) syllable of disyllabic
words (Li & Thompson, 1977; Zhu & Dodd, 2000; Yip, 2002; Duanmu, 2007). In sum,
neutral tones have properties of both lexical stress and lexical tones.
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Mandarin advanced L2 learners of English and native English listeners. She strictly
manipulated pitch, duration, and intensity with vowel quality held constant in
minimal pairs of disyllabic nonwords in English and applied a judgment task where
listeners had to judge whether the stress was placed on the first or second syllable
after they heard the word. She found that Mandarin advanced L2 learners tended to
ignore duration and intensity but solely relied on pitch differences between stressed
and unstressed syllables while English native listeners resorted to the three acoustic
cues in combination when perceiving contrastive stress position. The findings
suggest that Mandarin L2 learners of English may transfer a reliance on pitch to
perceive stress position (Wang, 2008). Chrabaszcz et al. (2014) compared Mandarin
advanced L2 learners, Russian advanced L2 learners of English, and English natives
perceiving disyllabic minimal pairs of nonwords that differed in vowel quality, pitch,
duration and intensity. The study used a two-choice forced task where listeners were
required to identify whether the stress was on the first or second syllable. The
authors found that vowel quality and pitch were the strongest cues for Mandarin L2
advanced learners perceiving English stress. The abovementioned studies regarding
perceptual weighting cues of contrastive stress position showed that pitch is a
primary acoustic cue that Mandarin advanced L2 learners rely on when perceiving
contrastive English stress, despite the different stimuli used in the studies and
different definitions of “advanced learners”.

Studies on whether Mandarin L2 learners can identify the overall position of
stress have shown mixed results. Altmann (2006) examined advanced L2 learners of
English from different language backgrounds including Mandarin, Japanese, Korean,
Turkish, Spanish, and Arabic, in comparison with English native listeners. She used
disyllabic, tri-syllabic and quadro-syllabic nonwords with word stress always on the
first syllable and asked the learners to identify which syllable was stressed after they
heard each word. She reported that Mandarin advanced L2 learners achieved as
good a performance as English native listeners did and proposed that the absence of
stress employment in the native language may not interfere with the perception of
L2 stress position, which as a result would yield good perception (see also: Altmann
& Vogel, 2002). However, Kijak (2009) reported that a lack of positional cue in the
native lexicon hindered Mandarin listeners in identifying Polish word stress. She
examined L2 learners of Palish from different proficiency levels and from different
language backgrounds, including Mandarin, via a multiple choice identification task
where listeners were asked to choose which syllable is stressed in tri-syllabic and
quadro-syllabic nonwords in Polish. She found that Mandarin listeners at all
proficiency levels showed poor performance, which was attributed to a lack of
positional marking used lexically and an inability to rely on pitch differences to
identify Polish stress position. Polish word stress is instantiated by spectral tilt and
pitch, rather than vowel quality and duration. However, pitch information in Polish
is used to a lesser degree than in English and thus Mandarin listeners could not rely
on pitch to the same extent as they did when perceiving English stress. The findings
in Kijak (2009) therefore provide evidence of the importance of pitch as an acoustic
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cue that Mandarin listeners use to perceive stress position and suggest that tone
language listeners may tend to perceive L2 English stress as tonal patterns (Juffs,
1990; Archibald, 1995; Nguyen et al., 2005, 2008).

It is shown that Mandarin learners of Japanese, another language that employs
lexical positional marking, were found sensitive to Japanese pitch accent position.
For instance, Ayusawa et al. (1995) investigated advanced L2 learners of Japanese
from different language backgrounds including Mandarin learners by applying a
listening test (Nishinuma, 1994) where listeners had to circle which syllable (written
in hiragana and katakana) was accented in two-, three-, four-, and five-mora real
words and phrases after they heard the token. They found that the Mandarin
advanced L2 learners achieved good performance (around 85% accuracy) when
identifying the correct position of pitch accent. Goss (2015) compared Mandarin and
Seoul Korean advanced L2 learners of Japanese perceiving the position of Japanese
pitch accent via both a judgment task and a categorization task. Listeners were first
tested in the judgment task where they had to judge the three-mora real words
(nouns) followed by a postposition that was spoken with the correct or incorrect
accent pattern. For the correctly-accented tokens, listeners were then required to
categorize the token they heard into one of the four accentual patterns (presented as
visualized pitch patterns in line shape) in a four-alternative forced choice task. He
found that Mandarin advanced L2 learners outperformed Seoul Korean advanced L2
learners overall in making the correct judgment of the accented words and
categorizing accentual patterns. He ascribed such a perceptual advantage to the
phonemic use of pitch variations in Mandarin.

To summarize, studies on the perception of non-native positional contrasts by
Mandarin listeners have mainly focused on determining whether Mandarin listeners
can identify a non-native positional cue (i.e., word stress and lexical pitch accent) as
L2 learners and which perceptual cues they rely on when perceiving positions (i.e.,
word stress). The findings show that Mandarin advanced L2 learners of Japanese
can successfully identify Japanese pitch accent positions, which can be accounted
for as an augmented sensitivity due to their native language (Ayusawa, 2003; Goss,
2015). Mandarin advanced L2 learners of English were found to primarily rely on
pitch when perceiving minimal pairs contrastive in stress position (i.e., English)
whereas native listeners rely on multiple acoustic cues (Wang, 2008; Lai, 2008;
Chrabaszcz et al., 2014; also see Sluijter & Van Heuven, 1996). They were found
able to identify stress position in English (Altmann, 2006) but not in Polish where
pitch is employed to mark stress to a lesser degree than in English (Kijak, 2009),
suggesting the importance of pitch for Mandarin L2 learners identifying stress
position. The studies reviewed in the current section underline the important role
pitch plays in Mandarin L2 learners’ acoustic perception. Mandarin L2 (mainly
advanced level) learners of a language that uses positional marking may use pitch
information to perceive L2 position acoustically (see Nguyen & Ingram, 2005;
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Nguyen et al., 2008, for discussion of tone language listeners’ usage of pitch cues
for stress position).

1.2.2.2 Perception of non-native positional marking at the acoustic level by
Japanese listeners

Japanese uses the presence/absence and position of pitch accent for lexical contrasts.
Japanese listeners are found to identify their native pitch accent positions
acoustically (Ayusawa et al. 1998; Ayusawa, 2003; Goss, 2015; Hu, 2015; Byun,
2018). For instance, Ayusawa et al. (1998) used a listening test to examine Japanese
listeners to perceive the accentual patterns in three- and four-mora real words and
five-mora phrases. Listeners were required to mark where the pitch accent falls in
the syllable (written in hiragana and katakana) in the word they heard. Japanese
natives overall were found to achieve a nearly ceiling performance when marking
the correct position of pitch accent. Note that the perception of a specific accentual
minimal pair in Japanese by the natives yielded mixed results (Vance, 1995;
Maniwa, 2002; Yoneyama, 2002; Sugiyama, 2006, 2008; Shport, 2008, 2011; Hu,
2015), which is not the main point of discussion in the study.

Since Japanese listeners have been found to show an overall sensitivity to
perceive native pitch accent position (Ayusawa et al. 1998; Ayusawa, 2003; Vance,
1995; Yoneyama, 2002; Hu, 2015; Goss, 2015), further studies investigated whether
they may transfer the native positional sensitivity to perceive a hon-native positional
cue. These studies mainly focus on perception of English lexical stress in L2,
especially perceptual cue weighting by Japanese L2 learners (Beckman, 1986;
Mochizuki-Sudo & Kiritani, 1991; Tokuma, 2003; Ishikawa & Nomura, 2008;
Sugahara, 2011, 2016). For instance, Beckman (1986) investigated the effects of
duration, pitch, and amplitude on the perception of English word stress in minimal
pairs such as Dlgest vs. diGEST (/'dardzest / vs. /dar'dzest/) by English native
listeners and Japanese L2 learners of English in different proficiency levels. The
listeners were required to use a scale of 1 to 5 to respond after hearing a synthesized
word, 1 indicating the word they heard was clearly stressed on the first syllable and
5 indicating the word was clearly stressed on the second syllable. She found that
Japanese L2 learners attended more to pitch than other acoustic correlates of stress
and their reliance on FO to perceive contrastive stress position seemed to not be
correlated to the degree of their exposure to English, while American English native
listeners relied on a combination of pitch, duration, and amplitude to a greater
degree. Sugahara (2011, 2016) investigated how Japanese advanced L2 learners of
English would perform when pitch is not available to discriminate English stress
positions. She used minimal pairs in disyllabic real words by imposing a flat pitch
contour on each syllable while keeping the vowel quality, duration and intensity
intact, e.g., IMport vs. imPORT (/'tmpo:t/ vs. /im'po:t/). Japanese listeners were
found to have a strong perceptual bias towards word-final stress (iambic stress)
whereas English natives preferred more word-initial stress (trochaic stress) when
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judging which syllable was stressed. The author ascribed Japanese listeners’
preference for final stress to the influence of a native “antepenultimate rule” that
words with 5-6 or more morae in Japanese are predominantly accented on the
antepenultimate mora (Sato, 1993; Kubozono, 1998, 2006; Shibata, 1994). The final
syllable in disyllabic words could be perceived as super-heavy morae in loanwords
where it contained the antepenultimate mora. For instance, IMport/imPORT could be
perceived as i.m.po.o.t (V.C.CV.V.C) where the antepenultimate mora “po” in the
final syllable nucleus vowel was accented, according to the native accentuation rule.

In sum, Japanese listeners are shown to be sensitive overall to native pitch
accent position, despite mixed findings regarding final accented vs. unaccented
minimal pairs® (Ayusawa, 1998; Vance, 1995; Yoneyama, 2002; Sugiyama, 20086,
2008; Hu, 2015). Their sensitivity to the position of lexical pitch accent seemed
beneficial to perception of non-native positional cues such as English lexical stress
in L2 studies. Moreover, it has been shown that pitch information is a dominant cue
for Japanese L2 learners of English when perceiving contrastive stress positions
(Beckman, 1986). However, when pitch is not available, native accentuation in
Japanese word prosody played a role in the perception of L2 stress position. For
instance, Japanese L2 learners of English were found to be influenced by the
“antepenultimate rule” in Japanese word prosody in that they showed a bias for final
stress, likely perceiving the final syllable in an English disyllabic word as super-
heavy morae in native loanwords that contain the accented antepenultimate mora
(Sugahara, 2011, 2016).

1.2.2.3 Perception of non-native positional marking at the acoustic level by
Dutch listeners

Dutch uses lexical stress to contrast word meanings. Studies on perception of
positional cues have mainly focused on whether Dutch listeners use stress
information in native word recognition and on whether the use of native stress
assists Dutch L2 learners of another stress language (e.g., English) in L2 word
recognition, to be discussed in 8.4.

There is a scarcity of studies that investigate the perception of non-native
positional cues by naive Dutch listeners. Among the very few studies, Hu (2015)
applied an ABX discrimination task to examine whether naive Dutch listeners could
perceive the contrastive position of Japanese pitch accent. She found that Dutch
listeners displayed an good performance overall, similar to Japanese natives
discriminating contrastive pitch accent positions in two-, three-, four-, and five-mora

® Note that the minimal pair, final-accented word vs. unaccented word, have the same tonal
pattern when they appear in isolation (Vance 1995; Warner 1997; Sugiyama, 2006). However,
a contrast between final-accented and unaccented words emerges when followed by a
grammatical particle (such as the nominative ga): final-accented words exhibit a pitch fall on
the final syllable while unaccented words do not.
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(syllable) nonwords, suggesting that Dutch listeners may be able to transfer a
sensitivity to positional marking in their native language to discriminating Japanese
positional pitch accent contrasts.

Apart from Hu (2015), there seem to be no studies on native Dutch listeners’
perception of non-native positional contrasts. It is not fully understood whether
listeners who use positional marking in the lexicon, i.e., Dutch listeners, can
generalize their sensitivity to native positional marking to non-native positional
marking of pitch properties (i.e., tones).

1.2.2.4 Summary

This section reviewed studies on the perception of non-native positional marking.
Most studies regarding position perception have focused on L2 learners, especially
on determining the perceptual cues learners rely on when perceiving word stress and
whether learners can acquire and perceive positional prosodic contrasts (i.e., word
stress and lexical pitch accent). Only very few studies have investigated cross-
linguistic perception of non-native positional marking by naive listeners (see e.g.,
Hu, 2015). It is not fully understood how native word prosody, i.e., with the use of
positional marking or not, influences perception of non-native positional marking at
the acoustic level.

1.2.3 Summary of perception of non-native WPCs at the acoustic level

A large body of studies has investigated cross-linguistic perception of non-native
pitch contrasts at the acoustic level to unveil the influence of native word prosody,
stemming from intonation in some cases, whether facilitation or interference, or
attendance to different pitch contrasts (pitch contour or pitch level) on perception of
non-native pitch contrasts (Gandour, 1983; Wayland & Guion, 2004; Francis et al.,
2008; So & Best, 2010; Schaefer &Darcy, 2014; among others). However,
comparatively less attention has been devoted to perception of another WPC,
position, which is employed contrastively in languages such as Dutch (for lexical
stress) and Japanese (for lexical pitch accent). Studies on perception of non-native
positional cues have mainly focused on whether L2 learners can acquire and
perceive contrastive position of lexical stress or pitch accent and what perceptual
cues they rely on (Wang, 2008; Lai, 2008; Beckman, 1986; Mochizuki-Sudo &
Kiritani, 1991; Tokuma, 2003). There are very few true studies on perception of
non-native positional contrasts. For instance, Dupoux et al., (1997, 2001) found that
French listeners, who do not use any WPCs in their native language, were able to
detect contrastive stress positions in Spanish. Hu (2015) found that Dutch listeners
who use lexical stress position were overall good at discriminating Japanese pitch
accent positions. However, no study to date has investigated the role of native word
prosody in acoustic perception of non-native pitch contrasts (tones) regarding
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position, that is, non-native tone contrasts marked by position and non-native pitch
contrasts occurring in different positions. More specifically, it remains unclear
whether the use of positional marking in the native language can facilitate acoustic
perception of non-native positional tones and non-native pitch contrasts in different
positions and, furthermore, how groups of listeners with different language
backgrounds differ or share in their perception of non-native pitch contrasts with
positions acoustically. These are the gaps the current study aims to bridge.

1.3 Perception of non-native WPCs at the phonological level

The phonological level refers to a more abstract processing level where an “acoustic
level of representation is not accessible” and which “highlights the phonological
level of representation” (Dupoux et al., 2008: 690). It can be examined via a
relatively demanding task, namely the sequence recall task where “memory and
perceptual resources are concerned” (Dupoux et al., 2001: 1607). More specifically,
Dupoux et al. (1997) found that French listeners who do not use lexical stress or any
other WPCs (Rossi, 1980; Di Cristo, 1988; Vaissiée, 1991) had no problem
discriminating contrastive stress positions in Spanish in an AX discrimination task.
They attributed the French listeners’ perceptual success to the nature of the AX task,
which may allow listeners to detect fine-grained acoustic details (Dupoux et al.,
2001). The AX task, as mentioned before, encourages an acoustic mode of listening.
Among perception tasks, it has the least memory load on listeners in that listeners
spend the least effort to retain auditory information in a short-term memory store
and thus listeners can make same-or-different judgments based on an immediate
acoustic comparison of the two stimuli (Logan & Pruitt, 1995; Strange & Shafer,
2008; Dupoux et al., 1997).

However, French listeners, different from their success in discriminating
Spanish stress in Dupoux et al. (1997), were later observed to show “stress deafness”
in the sequence recall task in Dupoux et al. (2001). In the sequence recall task,
listeners were required to learn two disyllabic nonwords A and B (produced by
different speakers) either contrasting in stress position or segmentally (as a baseline),
and then listen to the two words in various sequences (such as A-B or B-A in two-
word sequences, A-B-B in three-word sequences). They had to recall the sequence
they heard, a task which taps into their memory load of stored representations of
stress. By incorporating a high memory load and phonetic variability (tokens spoken
by different speakers), the sequence recall task aims to eliminate listeners’
employment of acoustic strategies (e.g., focusing on onset or offset of the syllable or
a specific voice) and highlight the processing at a “more abstract processing level”,
the phonological level (Dupoux et al., 2001). The researchers found that French
listeners had no problem processing segmental contrasts (as a baseline) but were
impaired when perceiving stress contrasts via the sequence recall task. Considering
the findings in Dupoux et al. (1997) that French listeners were sensitive to stress
positions acoustically, the observed “stress deafness” in Dupoux et al. (2001) likely
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stems from processing stress at an abstract phonological level instead of a psycho-
acoustic level (Dupoux et al., 2001, 2008; Schwab & Llisterri, 2011).

The current section will review studies that apply the sequence recall task to
investigate perception of non-native pitch contrasts and positional marking at the
phonological level. Section 2.3.1 will deal with perception of non-native pitch
contrasts at the phonological level. Section 2.3.2 will discuss existing literature on
the perception of non-native positional marking at the phonological level.

1.3.1 Perception of non-native pitch contrasts at the phonological level

Compared with studies on the perception of non-native pitch contrasts at the
acoustic level, scant attention has been paid to the processing of non-native pitch
contrasts at the phonological level. In particular, there seem to be no cross-linguistic
studies to date that have investigated phonological processing of non-native pitch
contrasts by naive listeners on a par with Dupoux et al. (2001, 2008) on French
naive listeners’ phonological perception of Spanish stress contrasts. Studies on the
processing of non-native pitch contrasts at the phonological level have mainly
focused on L2 acquisition. For instance, Zou (2017) applied a sequence recall task
(Dupoux et al., 2008) to examine the developmental trajectory of Mandarin tones in
Dutch L2 beginning and advanced learners of Mandarin. She contrasted six tonal
pairs (all the possible pairs consisting of Mandarin T1, T2, T3 and T4, such as T1 vs.
T2, T1 vs. T3) in disyllabic nonwords (the target tonal pairs on syllable initial
position and a fixed neutral tone on syllable final position). She found that compared
with Dutch L2 beginning learners of Mandarin who had difficulty (yet still
performed above chance level), Dutch L2 advanced learners of Mandarin showed an
overall significantly better performance and approximated the performance of
Mandarin natives. The findings demonstrated that Dutch L2 learners were able to
form Mandarin tonal categories and thus process Mandarin tonal contrasts in a
phonological mode after a large amount of input (Zou, 2017; Strange, 2011).

Apart from Zou (2017), in which listeners received L2 training for months and
even years, there is a lack of studies on perception of non-native pitch contrasts at
the phonological level by naive listeners from a cross-linguistic perspective.
Previous studies have shown that listeners with different use of WPCs in the native
language, in the current study Mandarin listeners, Japanese listeners, and Dutch
listeners, show acoustic sensitivity to non-native pitch contrasts on monosyllables
(Lee et al., 1996; Wayland & Guion, 2004; Francis et al., 2008; So & Best, 2010;
Schaefer &Darcy, 2014; Burnham et al., 2015; Liu et al., 2017; among others). More
specifically, differences in pitch at the acoustic level may be available to listeners,
even to listeners from non-tone languages, in non-native tone perception (Hall&et al.,
2004; Liu et al., 2017), but this does not entail that these listeners may be able to
encode non-native pitch contrasts phonologically. Hence, it remains unclear whether
the acoustic sensitivity found in non-native tone perception can be retained in
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phonological processing and to what extent the native language comes into play in
processing of non-native pitch contrasts at the phonological level.

1.3.2 Perception of non-native positional marking at the phonological level

There are only very few studies on cross-linguistic perception of non-native position
marking at the phonological level (Dupoux et al., 2001; Peperkamp & Dupoux, 2002;
Perperkamp et al., 2010; Hu, 2015). For instance, as mentioned above, Dupoux et al.
(2001) investigated perception of contrastive stress in Spanish by French naive
listeners whose native language does not use lexical stress or any other WPCs (Rossi,
1980; Di Cristo, 1988; Vaissiere, 1991) via the sequence recall task that taps into the
phonological representation of stress. They manipulated the stressed syllable with a
longer duration, higher pitch, and louder intensity compared with the unstressed
syllable in disyllabic minimal pairs (segmentally identical, with no vowel reduction)
in Spanish. They found that French listeners failed to perceive contrastive stress
position at the phonological level, yet successfully discriminated Spanish contrastive
stress position acoustically (Dupoux et al., 1997, 2001). Hu (2015) employed a
sequence recall task (Dupoux et al., 2001) to examine the discrimination of
positional contrasts of Japanese pitch accent by Japanese listeners and naive Dutch
listeners. She used three minimal pairs of disyllabic nonwords that differed in the
position and presence of a pitch accent: initial accented (H’L) vs. final accented
(LH’), initial accented (H’L) vs. unaccented (LH) and final accented (LH’) vs.
unaccented (LH). Dutch listeners were reported to be able to phonologically
discriminate positional contrasts of pitch accent in disyllabic nonwords as well as
Japanese listeners did, except for minimal pairs differing (final accented vs.
unaccented). Japanese uses the presence versus absence of lexical pitch accent to
differentiate word meanings (e.g., final accented kaki means “fence” vs. unaccented
kaki means “permission”), while Dutch always uses the position of stress on a
certain syllable for lexical contrasts. This lack of employment of presence vs.
absence of word prosodic cues in Dutch may account for Dutch listeners’ difficulty
in perceiving unaccented vs. final accented minimal pairs in Japanese (Hu, 2015).
The findings in Hu (2015) showed that Dutch listeners might benefit from lexical
positional marking of word stress in their native language when processing Japanese
pitch accent positions phonologically. However, the presence vs. absence of
positional marking does not exist in Dutch, which may bring difficulty to Dutch
listeners in phonological processing of Japanese pitch accent positions.

Apart from the abovementioned studies, the majority of studies regarding
perception of non-native positional contrasts at the phonological level have focused
on whether listeners can encode the positional marking in L2 acquisition (Lin et al.,
2014; Utsugi et al., 2010; Qin et al., 2017). For instance, Lin et al. (2014)
investigated whether Mandarin and Seoul Korean advanced L2 learners of English
were able to encode contrastive English stress phonologically using a sequence
recall task adapted from Dupoux et al. (2001, 2008). They manipulated minimal
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pairs of disyllabic nonwords that differed in stress position, with longer duration and
higher pitch in the stressed syllable than the unstressed syllable (no vowel quality
differences). They found that Mandarin advanced L2 listeners outperformed Seoul
Korean advanced L2 learners and the former even showed as good performance as
English native listeners when processing stress in minimal pairs phonologically. The
authors suggest that the success of Mandarin advanced L2 listeners might be due to
a positive transfer from the native language in which they use suprasegmental
information for lexical contrasts to perceive another non-native suprasegmental cue,
while Seoul Korean does not use lexically contrastive prosodic cues (Sohn, 1999;
Jun, 2005). Lin et al. (2014) argued that these listeners could also benefit from the
presence of neutral tones in Mandarin, which have stress-like properties (Wang,
1997; Lu & Wang, 2005; Duanmu, 2007; Cao, 1992; Bao & Lin, 2014), although
the amount of syllables carrying neutral tones is very limited. Qin et al. (2017)
investigated the perceptual cues Mandarin and Taiwanese Mandarin advanced L2
learners of English rely on when perceiving English stress phonologically, compared
to English natives. The authors manipulated minimal pairs of disyllabic nonwords
under four conditions in which stressed and unstressed syllables were signaled only
by pitch (stressed syllable with a higher pitch), only by duration (stressed syllable
with a longer duration), by both pitch and duration (stressed syllable with longer
duration and higher pitch) and by incongruent correlates (stressed syllable with
higher pitch is shorter). They applied the sequence recall task (Dupoux et al., 2008)
and found that Mandarin advanced L2 learners attended to pitch more than English
natives did when perceiving contrastive stress phonologically, suggesting an
influence of pitch sensitivity from the native word prosody in phonological
processing of stress.

1.3.3 Summary

This section reviewed the literature on perception at the phonological level of non-
native pitch contrasts and non-native positional marking, respectively. Compared
with extensive studies on perception of non-native WPCs at the acoustic level
(Gandour, 1983; Wayland & Guion, 2004; Francis et al., 2008; So & Best, 2010;
Schaefer & Darcy, 2014; Qin & Mok, 2013; Wu et al., 2008; among others), little
attention has been given to how non-native WPCs, both non-native pitch contrasts
and positional contrasts, are processed at the phonological level in tasks in which
acoustic traces are inaccessible to listeners. The “stress deafness” observed in
Dupoux et al. (1997, 2001, 2008) of French listeners who do not use lexical stress or
any other WPC (Rossi, 1980; Di Cristo, 1988; Vaissiere, 1991) is notable. In these
studies, French listeners were able to discriminate stress contrasts in Spanish stress
acoustically but failed in a more cognitive demanding task that taps into
phonological representations of stress. These findings suggest that the capability to
discriminate acoustic differences via a non-native prosodic cue does not entail
success encoding this information phonologically. So far there seem to exist only a
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few studies that have looked into phonological perception of a non-native WPC by
naive listeners (word stress in Dupoux et al., 2001; Peperkamp & Dupoux, 2002;
Perperkamp et al., 2010; lexical pitch accent in Hu, 2015). Studies on the processing
of non-native WPCs at the phonological level have instead focused mainly on L2
acquisition where listeners have already been exposed to the WPCs and have been
influenced by listeners’ “internal and external variables” (Braun et al., 2014: 330)
such as the interference of native language, age, study motivation, and teaching
strategies (Orie, 2006; Moyer, 1999; Obler, 1989) during their acquisition.
Nevertheless, investigating naive listeners may provide a direct view into how and
to what extent native word prosody affects the processing of non-native WPCs at the
phonological level at the very early stage of acquisition without the influence of
other factors.

1.4 Processing of non-native WPCs at the lexical level

Processing of non-native WPCs at the lexical level can refer to the encoding of novel
WPCs when establishing lexical contrasts (i.e., sound-to-meaning mapping in word
leaning) or the employment of non-native WPCs (mostly in L2 acquisition) when
accessing lexical activation (i.e., in spoken word recognition). In the current
dissertation, processing of non-native WPCs at the lexical level refers to the former,
that is, how non-native WPCs are encoded when integrating sound to meaning
during word learning. Section 1.4.1 will deal with the literature on how listeners
from different backgrounds encode non-native pitch contrasts (tones) in word
learning, by mainly focusing on Mandarin, Dutch, and Japanese listeners. Compared
with studies on the perception of non-native pitch contrasts at the lexical level, there
is a lack of studies that examine the encoding of non-native positional contrasts in
word learning. Instead, most studies on the processing of non-native positional
contrasts at the lexical level have focused on word recognition. Thus, Section 1.4.2
will discuss previous studies that investigated non-native positional contrasts in
word recognition, focusing on Mandarin, Dutch, and Japanese listeners.

1.4.1 Processing of non-native pitch contrasts at the lexical level

Previous studies on the processing of non-native pitch contrasts lexically have
investigated how native language, more specifically, native word prosody, plays an
important role in building non-native tones paired with meanings in word learning.
It has been shown that prior experience with lexical tones in the native language can
benefit listeners when associating novel tones with meanings in word learning. For
example, Poltrock et al. (2018) investigated Mandarin and French listeners learning
minimal pairs of disyllabic pseudo-words with Cantonese native listeners as controls.
The minimal pairs were contrastive in either a consonant, a vowel or a Cantonese
tone on the first syllable while the second syllable was kept constant, carrying the
Cantonese high level tone T1. Listeners had to learn to associate the word with the
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object (a fictional object presented in an animation) during the training phase and
then had to look at the correct object after they heard the word in the test phase. It
was found that all three groups were able to learn the sound-to-meaning associations
(they all performed above chance level when learning all three types of contrasts)
and that Cantonese native listeners outperformed the two non-native groups.
Mandarin listeners showed an overall better performance than French listeners when
learning tonal contrasts, but not consonant or vowel contrasts, which suggests that a
general property of phonological representations of tones in the native language can
enhance non-native tone-to-meaning mapping. Cooper & Wang (2013) compared
naive Thai listeners, naive English listeners, and English listeners with previous
Cantonese tone training to learn five monosyllabic real words (word-object
associations) differing in five Cantonese tones (high-level, high-rising, low-falling,
low-rising, and low-level tone). Before learning, they were first presented with a
tone identification task where they had to associate a visualized pitch pattern
diagram (with rising, falling, and flat arrows) with the tone they heard. It was found
that the tone-trained English listeners showed better tone identification performance
than naive Thai listeners and naive English listeners. They were then guided to learn
Cantonese tones (carried by monosyllables) associated with pictures during a period
of four days, after which it was found that the Thai listeners and the tone-trained
English listeners performed equally well, better than non-tone trained English
listeners, in a picture matching task where participants had to match a word they
heard with a corresponding picture. Thai listeners were especially good at learning
Cantonese high-rising, high-falling and high-level tones, which could be due to a
similarity with tonal counterparts in Thai. This suggests that tone language listeners
may rely on specific lexical pitch representations in the native language when
building non-native tone to meaning mappings during word learning (Cooper &
Wang, 2013).

On the other hand, it was found that a lack of lexical pitch in the native
language may impede the encoding of non-native tones when building lexical
representations. For instance, Ramachers et al. (2017) applied a name-labelling
paradigm (Quam & Swingley 2010; Singh et al., 2014) to investigate whether Dutch
listeners could attend to pitch differences when learning novel words in Limburgian,
a dialect with a restricted tonal system consisting of a binary tone contrast between
accent 1 HL and accent 2 LHL' (Gussenhoven, 2000a, 2000b). In Ramachers et al.
(2017), non-Limburgian Dutch listeners learned monosyllabic (bimoraic CVVC)
novel words either carrying accent 1 or accent 2 with paired objects. They were first
presented with the target word-object association and a distracter (an unlabelled
object) during training. There were two conditions in the test, correct pronunciation
(CP) and mispronunciation (MP) conditions. In both conditions, listeners were
presented with the target and the distracter. In the MP condition, listeners heard the

10 Any primary stressed bimoraic syllable in Limburgian carries either accent 1 HL or accent
2 LHL (Gussenhoven, 2000b).
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mispronounced counterpart (e.g., accent 2) of the target word (e.g., accent 1). It was
supposed that if listeners noticed the tone changes, they would look at the distracter
(Markman, 1990; Markman & Wachtel, 1988; Quam & Swingley, 2010;
Kalashinikova et al., 2015). They found that the non-Limburgian Dutch listeners
showed as good performance as the natives did in the CP condition. However, in the
MP condition, they still preferred to look at the target word-object instead of looking
at the distracter when the word was mispronounced with another accent, indicating
that they neglected the pitch changes during word learning of Limburgian. Their
insensitivity to non-native pitch contrasts during word learning can be due to an
influence of the native prosody at the word level. Pitch is one of the acoustic
correlates of word stress in Dutch (Van Heuven & Sluijter, 1996; Sluijter & Van
Heuven, 1996) and can be relied on to distinguish stressed vs. unstressed syllable(s)
in a word when the word is accented in narrow focus (Van Heuven & Sluijter, 1996;
Sluijter & Van Heuven, 1996; Van Heuven & Haan, 2002). A lack of contrastive
pitch at the word-level in Dutch therefore impeded Dutch listeners from attending to
non-native pitch contrasts (Limburgian tones) in word identification (Ramachers et
al., 2017).

The abovementioned studies have shed some light on the influence of native
word prosody, whether facilitation or interference, on encoding non-native pitch
information when establishing lexical representations. Apart from the influence of
native word prosody, it has also been shown that prosodic features at the utterance
level can shape the sound-to-meaning mapping in word learning. Braun et al. (2014)
examined Japanese, German, and French listeners with Mandarin controls learning
non-words differing in Mandarin tones with paired objects. They used two disyllabic
non-words in which the tone on the first syllable was fixed (rising tone, T2) and the
second syllable carried different tones, high-level, rising, dipping and falling tones
(T1 to T4), respectively. They found that German listeners, following the Mandarin
controls, outperformed French and Japanese listeners in judging whether the picture
matched the word in “tonal-mismatch condition” where the word did not match the
object. Interestingly, Japanese listeners who have a restricted tone system did not
differ from French listeners who do not use prosodic cues lexically, both showing no
sensitivity to the tonal contrasts in lexical encoding. According to Braun et al.
(2014), the differences among the three groups of listeners in word learning can be
due to the different sizes of pitch contrasts at the utterance level. German has a
larger inventory of pitch accent types than Japanese and French do in intonation.
French and Japanese listeners relied little on pitch variation to signal post-lexical
contrasts (Abe, 1998; Post, 2000; Turco et al. 2012; Asano & Braun, 2011), which
can account for their insensitivity to encode non-native tonal contrasts in the mental
lexicon. Braun et al. (2014) argues that it is the prosodic features at the utterance
level in the native language rather than the word level prosody that can be beneficial
for building non-native tone to meaning mapping at the lexical level.
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In addition to the above-mentioned studies on the influence of native word
prosody and/or intonation in processing non-native tones lexically, there are studies
that have focused on what factors can contribute to enhancing or predicting word
learning by non-native listeners (Wong & Perrachione, 2007; Chandrasekaran et al.,
2010; Showalter & Hayes-Harb, 2013; Bowles et al., 2016). For instance, Wong &
Perrachione (2007) investigated whether musical experience and phonological
awareness can affect English listeners learning Mandarin tones. English listeners
were first tested for phonological awareness in a pitch pattern identification task
where they had to associate the visualized pitch pattern (represented by level, rising,
and falling arrows) with the three corresponding Mandarin tones (high level, rising,
and falling tone) they heard. They were then trained to learn six sets of English-like
monosyllabic pseudo-words superimposed with three Mandarin tones (high level T1,
rising T2 and falling T4) paired with real object pictures. It was observed that the
English listeners were able to identify the picture out of three with the corresponding
word they heard. Despite a large individual difference, those who achieved higher
accuracy in identification of tone-to-meaning associations were found to have higher
pitch pattern identification ability and prior musical experience. The findings in
Wong & Perrachione (2007) showed that metalinguistic awareness and musical
experience could assist non-tone language listeners (i.e., English listeners) to
integrate novel tones with meanings in word learning and such facilitation was also
observed in neurophysiology studies (Wong et al., 2007; Wang et al., 2003; Kaan et
al., 2008; Shen & Froud, 2019).

In sum, behavioural and psycholinguistic studies have shown that native
prosody at the word level and/or the utterance level, as well as factors such as prior
musical experience and metalinguistic awareness, influence the encoding of non-
native pitch contrasts in building lexical representations in word learning.

1.4.2 Processing of non-native positional marking at the lexical level

Compared with studies on lexical processing of non-native pitch contrasts, few
studies have investigated how non-native positional marking is encoded during? in
sound to meaning mapping. Studies on the processing of position at the lexical level
have been mainly conducted in spoken word recognition, which include
investigation into whether listeners who use positional marking in their native
language, e.g., Japanese and Dutch listeners, can exploit the positional cue in native
word recognition (for Japanese: Otake & Cutler, 1999; Sekiguchi & Nakajima, 1999;
Shibata & Hurtig, 2008; Goss, 2015; for Dutch: Van Heuven, 1985; VVan Heuven,
1988; Jongenburger & van Heuven, 1995a; Jongenburger & van Heuven, 1995b;
Van Leyden & Van Heuven, 1996; Jongenburger, 1996; Van Kuijk, 1996; Quené&
Koster, 1998; Cutler & Koster, 2000; Koster & Cutler, 1997; Cutler & Van
Donselaar, 2001; Van Donselaar et al., 2005) and furthermore, how the native
prosody (with or without positional marking) affects perception of the non-native
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positional cue (e.g., lexical stress) in L2 word recognition (Archibald, 1997; Cooper
et al., 2002; Zhang & Francis, 2012; Connell et al., 2018).

To start with, studies on whether the positional marking of word prosody can
be employed in lexical activation and selection in the native language will be
discussed. It is shown that English natives, whose native language has word stress,
do not use stress information (suprasegmental, e.g., FORbear vs. forBEAR, /'fa:bea/
vs. /fa:'beal) to constrain lexical activation and competition in word recognition,
which could be because English predominantly uses segmental cues (vowel
reduction) to cue word stress (Cutler, 1986; Slowiaczek, 1990, 1991). How about
Japanese and Dutch listeners who also employ positional marking at the word level?
Several studies have been devoted to answering this question. For instance, Otake &
Cutler (1999) investigated whether pitch accent information in Japanese was
employed in word recognition by means of three different experiments. They first
applied a two-choice classification experiment where Japanese native listeners
should choose the word from two words contrasting in accentual pattern H vs. L,
based on the extracted syllable they heard (e.g., whether ka is from “kage” (H’L) or
“kagi” (LH’)). They found that Japanese listeners succeeded in making correct
judgments of the word based on the pitch accent information of the syllable. In the
second experiment, a gating experiment in which listeners heard one fragment at a
time (from the initial consonant, initial consonant and vowel, to the end of the word),
Japanese native listeners were found able to accurately identify the word of the same
pitch accentual structure based on only the initial mora (e.g., na from “nagasa”
(H’LL) or “nagashi” (LHH”)). In the third experiment, a lexical decision experiment
where listeners should decide as quickly as possible whether a word was preceded
by the same word or the word contrastive in accentual pattern was a real word or not.
They observed that Japanese listeners made speeded response to the word (e.g.,
“ame” H’L) presented after the same prime (e.g., “ame” H’L) but not the prime
contrasting in accentual pattern (e.g., “ame” LH’), suggesting that Japanese listeners
employed pitch accentual information to constrain lexical activation.

Studies on whether Dutch listeners use stress information in native word
recognition have displayed mixed results. For instance, Jongenburger & Van
Heuven (1995b) used Dutch minimal pairs differing in stress positions (carried in a
semantically neutral sentence) and applied a gating experiment where listeners had
to write down and say out loud what they thought the word was after hearing the
fragment(s) in each gate. The first gate contained the preceding context and the
initial consonant(s) and the first vowel onset of the target word. Each subsequent
gate contained more diphones until the whole word was complete. For instance, the
second gate consisted of the initial consonant(s), a vowel, and the onset of the
following consonant(s). They found that Dutch listeners did not differentiate based
on stressed vs. unstressed initial syllables in minimal pairs but they could make
correct stress judgments when the initial syllable and part of the following vowel
were presented. Their findings suggested that stress position did not have a strong
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effect on constraining lexical activation (see also: Jongenburger & Van Heuven,
1996; Jongenburger & Van Heuven, 1995a). Cutler & Van Donselaar (2001)
provided different observations via a series of experiments. They conducted a two-
choice classification task where Dutch listeners should circle the word (in minimal
pairs) from which the syllable was extracted. They were found to be able to
correctly judge the word based on the syllable they heard (e.g., whether /ka/ is from
CAnon “norm” or kaNON “gun”). They further applied a repetition priming
paradigm where listeners were required to decide whether the disyllabic word they
heard was a real word or not. They found that presenting a disyllabic word
contrasting in stress position did not speed up Dutch listeners’ response to their
decision, which means, for instance, the stressed syllable VOOR (in VOORnaam
“first name”) only activated the lexical representation of “VYOORnaam” while the
unstressed syllable voor (in voorNAAM “respectable”) only activated the lexical
representation of voorNAAM. In a follow-up word-spotting experiment where Dutch
listeners were required to decide whether there was a real word embedded in a
nonsense letter string, it was found that they constrained lexical activation by an
early use of stress in recognizing spoken words (e.g., zee “sea” embedded in a string
received greater activation from zee in muZEE than the same segmental zee in
mismatching stress MUzee). These combined findings showed that Dutch listeners
can effectively exploit stress position to constrain lexical activation in word
recognition. Moreover, studies on perception of mis-stressed words have shown that
such words impeded Dutch listeners when recognizing words, suggesting an
important role stress position plays in lexical activation in the native language (Van
Heuven, 1985; Van Leyden & Van Heuven, 1996; Koster & Cutler, 1997; Cutler &
Koster, 2000).

The studies reviewed above show that both Japanese and Dutch listeners use
positional marking in native word recognition. Will the employment of native
positional marking be transferred to perception of a non-native positional cue in L2
word recognition? Cooper et al. (2002) investigated whether Dutch L2 learners at a
proficient level of English were able to use native stress sensitivity to perceive
English word stress in word recognition, with English natives as controls. They
conducted a series of experiments. In a two-alternative forced-choice task, they used
truncated fragments from real words in English and listeners had to circle (on an
answer sheet) the correct word based on the fragment they heard, e.g., whether mus
is from MUsic or muSEum. They found that Dutch proficient L2 listeners of English
outperformed English natives in correctly assigning a monosyllabic fragment to one
of the two words that differed only in stress position. Their findings suggested that
the importance of stress information in native word recognition can assist Dutch
listeners in differentiating stressed vs. unstressed initial syllable in L2 word
activation.

A recent study conducted by Connell et al. (2018) addressed how listeners
whose native language does not use a lexical positional cue recognized English
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words in L2. They examined Mandarin and Seoul Korean advanced L2 learners of
English in comparison with English native listeners in how they used segmental (i.e.,
vowel reduction) and suprasegmental information (i.e., without vowel reduction) of
stress in word learning. They constructed two experimental conditions: a vowel
reduction condition where the initial syllable of the target word and the competitor
differed segmentally (full vowel vs. reduced vowel), e.g., stressed /paer/ in PArrot vs.
unstressed /par/ in paRADE, and no-vowel-reduction condition where the initial
syllable of the target and competitor differed suprasegmentally (stressed vs.
unstressed), e.g., target stressed /kair/ in CARpet vs. unstressed /kai/ in carTOON.
Via an eye-tracking experiment, the listeners were presented with four printed words
(the target, the competitor, and two distracters) on the screen and had to click on the
corresponding word they heard. The results showed that English native listeners
used both suprasegmental and segmental information together, as well as
suprasegmental information alone to recognize words. Mandarin advanced L2
learners of English employed stress in lexical access only when a stress difference
was realized by suprasegmental cues, while Seoul Korean advanced L2 learners of
English did so when stress was signaled by suprasegmental and segmental cues
together. Their findings reveal the important role native word prosody plays in L2
word recognition. The use of lexical tones in Mandarin as suprasegmental
information to differentiate words in the native language may enhance their
perception of another suprasegmental cue (stress) in L2 word recognition. In
contrast, Seoul Korean does not use suprasegmental for lexical contrast (Jun, 2005;
Sohn, 1999) and thus the Seoul Korean L2 learners had to rely both on segmental
(vowel reduction) and suprasegmental (stressed vs. unstressed) to constrain word
activation in English.

To sum up, listeners with lexical positional marking in their native language,
i.e., Dutch and Japanese listeners, can exploit positional marking in lexical
activation in their native languages. The native positional marking can also be
beneficial for them to recognize words signaled by a non-native positional cue (i.e.,
English) in an L2 (Cooper et al., 2002). Listeners who do not use position but rather
tones lexically in the native language, i.e., Mandarin listeners, were shown to be able
to employ position information (stressed vs. unstressed) when there was no vowel
reduction in L2 word recognition in English, suggesting that Mandarin listeners may
be facilitated by the use of a suprasegmental cue for lexical contrasts in the native
language (Connell et al., 2008). These studies have mainly centered on L2 learners
of a positional cue (e.g., English stress) in word recognition. The target L2 learners
in these studies have more or less achieved an advanced level which can be regarded
as an “end-state” of acquisition. They may be ultimately affected by internal and
external factors such as learning motivation, age, and learning and teaching
strategies (Orie, 2006; Moyer, 1999) during acquisition. It is important to address
how and to what extent native word prosody can facilitate naive listeners who are
not driven by the L2 learning process to encode a non-native positional cue (i.e.,
pitch) in building lexical representations, i.e., mapping the positional cue with
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meaning in word learning.

1.4.3 Summary

The current section reviewed studies with respect to the processing of non-native
tones and non-native positional cues at the lexical level. Studies on lexical
processing of non-native tones revealed that the ability to perceive acoustic
differences of non-native tones does not entail success encoding this information in
lexical representations for word learning (Braun et al., 2014). In fact, the capability
of encoding non-native tones is influenced by native prosody, both at the word level
and the intonation level, possibly in combination with other factors such as prior
musical experience and metalinguistic awareness (Wong & Perrachione, 2007;
Chandrasekaran et al., 2010; Braun et al., 2014). Since there is a lack of prior
investigation into the encoding of non-native positional cues in lexical
representations, the section reviewed studies on the processing of non-native
positional cues in L2 studies, mostly focusing on L2 advanced learners in word
recognition. It is shown that native word prosody plays a crucial role in perceiving
non-native positional cues (i.e., English stress) in L2 word recognition. For instance,
the use of lexical positional marking in the native language could benefit Dutch L2
advanced learners of English to use English stress cues for constraining lexical
activation in English. However, the L2 advanced learners are at the “end-state” of
acquisition. They may have been influenced by not only the native language but also
other variables such as learning period, learning motivation, age, and teaching
strategies (Orie, 2006; Moyer, 1999). In contrast, studying naive listeners who have
never been exposed to the non-native WPCs may allow us to have a better
understanding of how and to what extent one’s native language (i.e., native word
prosody) plays a role in encoding non-native WPCs when establishing sound-to-
meaning associations.

1.5 Research gaps, research aim and methods

Based on the reviewed literature, four main research gaps are identified with respect
to the role of native prosody in perception of non-native WPCs (pitch contrasts and
positional marking). First, no study to date has investigated the acoustic perception
of non-native WPCs (i.e., non-native pitch contrasts depending on positions, which
is to say, non-native pitch contrasts occurring in different positions in word and non-
native tones contrastive in position) from a cross-linguistic perspective. It is not
fully understood whether the use of positional marking in the native language can
contribute to the perception of non-native pitch contrasts depending on position.
Second, it remains unclear how listeners from different language backgrounds
perceive non-native WPCs when fine-grained acoustic details are inaccessible, that
is, at the phonological level. Third, no studies have addressed how and to what
extent native word prosody influences listeners at the lexical level, that is, encoding
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non-native WPCs in establishing lexical representations. Last but not the least, it is
unknown how the perception at the three linguistic processing levels relate to each
other, that is, to what extent acoustic sensitivity can facilitate phonological
processing or sound-to-meaning mapping.

To bridge the gaps, the aim of the dissertation is to develop a comprehensive
understanding of the role of native prosody in the perception of non-native WPCs
from auditory-acoustic perception, phonological processing, and sound-to-meaning
mapping by listeners from three different language backgrounds within a single
study. To be more specific, the dissertation attempts to address language-
specificities and commonalties in non-native WPC perception at the three levels as
well as how perception at each level relates to the other levels. In order to achieve
these goals, three experiments will be conducted and described in three empirical
chapters, Chapter 2, 3 and 4, as outlined below.

In Experiment 1, an AX discrimination task will be applied to examine acoustic
perception of non-native WPCs. AX tasks encourage an acoustic mode of listening.
Among perception tasks, it has the least memory load and stimulus uncertainty
because listeners spend the least amount of effort to retain auditory information in a
short-term memory store and thus listeners can make same-or-different judgments
based on immediate acoustic comparison of the two stimuli (Strange & Shafer, 2008;
Logan & Pruitt, 1995; Dupoux et al., 1997). In the AX discrimination task,
Mandarin, Dutch, and Japanese participants are required to judge whether the two
stimuli, A and X, they have heard are the same or not.

In Experiment 2, in order to investigate phonological processing of non-native
WPCs, the same participants of Experiment 1 will be tested in a sequence recall task
adapted from Dupoux et al. (2001). The sequence recall task incorporates a high
memory load and phonetic variability so as to eliminate acoustic traces listeners may
rely on and highlight the phonological level (Dupoux et al., 2001). Participants in
the sequence recall task will learn stimulus A and B. They have to recall the
sequence (e.g., A-B in a two-word sequence, A-B-A in a three-word sequence and
A-B-A-B in a four-word sequence) after hearing the sequence.

In Experiment 3, the same participants of Experiments 1 and 2 will be
examined in an associative word learning task. They will first learn sound-object
associations and then be tested in a picture selection task where they are required to
choose the corresponding picture (representing the object) when hearing the
stimulus (sound).

1.6 Dissertation outline and research questions

Chapter 2 sets out to investigate the general issue of to what extent one’s native
language influences perception of non-native WPCs, pitch contrasts with positional
marking at the acoustic level from a cross-linguistic perspective. Non-native pitch
contrasts with positional marking can be disentangled in two aspects: non-native
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pitch contrast occurring in different positions and non-native tones contrastive in
position. Chapter 2 addresses the following questions:

RQ 1a: How will Mandarin, Japanese and Dutch listeners differ in perceiving
non-native pitch contrasts occurring in different positions? More specifically, will
the native WPCs facilitate the listeners’ perception of non-native pitch contrasts that
occur in different positions?

RQ 1b: What perceptual patterns will Mandarin, Japanese, and Dutch listeners
display when perceiving non-native pitch contrasts occurring in different positions?
More specifically, will listeners show language-specific patterns or will they share
similarities?

RQ 1c: When perceiving the non-native pitch contrasts in different positions
acoustically, to what extent will position interact with non-native pitch contrast in
each language group? Will listeners show specific preferences for any positions
when perceiving non-native pitch contrasts?

RQ 1d: How will Mandarin, Japanese, and Dutch listeners differ when
perceiving non-native tones that occur in contrastive positions? More specifically,
will Japanese and Dutch listeners share commonalities, that is, transfer a native
positional sensitivity to perceive non-native positional tones? Will Mandarin
listeners who use tones but not positional marking rely on the tonal sensitivity to
perceive non-native positional tones?

The ability to perceive a non-native WPC acoustically does not entail success
in perceiving it at the phonological level where acoustic traces are not available.
From this motivation, Chapter 3, following Chapter 2, asks the following questions:

RQ 2a: If listeners are found acoustically sensitive to perceive non-native
WHPCs in Chapter 2, will the listeners remain sensitive to the non-native WPCs (i.e.,
pitch contrasts with positions) at the phonological level? More specifically, to what
extent will native word prosody (or utterance prosody) affect listeners
phonologically processing non-native WPCs?

RQ 2b: What specific perceptual patterns will the three groups of listeners
display when processing non-native WPCs phonologically? More specifically, how
differently will they perform? Will listeners who share commonality in their native
use of WPCs share similar perceptual patterns at the phonological level?

RQ 2c: Will position play a role in the perception of non-native WPCs at the
phonological level? To what extent will position influence each language group in
their encoding of non-native WPCs at the phonological level? Will listeners show
preference for specific positions in their phonological processing of non-native pitch
contrasts?

In acoustic perception of non-native WPCs, listeners are able to rely on
acoustic details to achieve perceptual success. However, the capability of perceiving
non-native WPCs acoustically does not guarantee success establishing lexical
representations of sound (non-native WPCs) to meaning. From this starting point,
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following Chapters 2 and 3, Chapter 4 investigates to what extent native word
prosody influences listeners in sound-to-meaning mapping from a cross-linguistic
perspective by addressing:

RQ 3a: Will native word prosody (and/or native intonation system) facilitate
the encoding of non-native WPCs when building lexical representations in word
learning? How will the three groups differ in word learning?

RQ 3b: What language-specific patterns will Mandarin, Japanese, and Dutch
listeners show in their encoding of non-native WPCs in word learning? Will they
share commonalities in sound-to-meaning mapping?

RQ 3c: How will position influence, i.e., interfere or enhance the processing of
non-native WPCs in word learning for each language group? To what extent will
position interact with the processing of hon-native pitch contrasts in word learning?

Chapter 5 will conclude the major findings from the three empirical chapters
and offer a general discussion with the findings from the acoustic level, the
phonological level, and in word learning. It aims to provide insights into theoretical
perceptual mechanisms from a cross-linguistic perspective and from different
processing levels. Limitations and future work will also be discussed in Chapter 5.
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Chapter 2
Perception of non-native WPCs at the acoustic level

2.1 Introduction

As introduced in Chapter 1, Chapter 2 sets out to investigate how native language
influences the perception of non-native word prosodic cues (WPCs), namely, pitch
contrasts and positional marking, at the acoustic level by Mandarin, Dutch and
Japanese listeners.

To recapitulate, a large body of previous studies has demonstrated that native
word prosody plays a pivotal role in discriminating and/or identifying non-native
pitch contrasts (i.e., pitch contour and/or pitch level contrasts). It is documented that
prior experience of using pitch for lexical contrasts in the native language facilitates
non-native tone perception. For instance, Mandarin listeners were found to be able
to discriminate and/or identify non-native tones (e.g. Cantonese tones, Thai tones)
and showed an advantage over non-tone listeners (e.g., English and Seoul Korean
listeners) (Lee et al., 1996; Gottfried & Suiter, 1997; Wayland & Guion, 2004;
Schaefer & Darcy, 2014). Neurophysiology studies further observed that Mandarin
listeners, compared with non-tone language listeners (e.g., English listeners),
displayed a more sensitive brain stem mechanism for pitch representation, reflected
by more pitch strength and better pitch tracking accuracy when perceiving non-
native Thai tones (Krishnan & Gandour, 2009; Krishnan et al., 2010; Krishnan et al.,
2005). Similarly, the employment of lexical pitch accent in Japanese helps Japanese
listeners to be sensitive to non-native tones (e.g., Thai tones and Mandarin tones)
and manifest better perceptual performance than non-tone listeners (e.g., English
listeners, French listeners and Seoul Korean listeners) (Guion & Pederson, 2007; So
& Best, 2010, 2012, 2014; Schaefer & Darcy, 2014).

On the other hand, the use of lexical pitch in the native language is not always
beneficial in non-native tone perception. For instance, Mandarin listeners were
found to encounter difficulties in discriminating non-native level tones (e.g. Thai
level tones and Cantonese level tones), which is likely due to the lack of pitch level
contrasts in Mandarin (Francis et al., 2008; Qin & Mok, 2013; Wu et al., 2014).
Japanese listeners were reported to show confusion in discriminating or identifying
non-native tonal contrasts when the non-native tonal pairs share phonetic similarities
(e.g., low rising tone T5 vs. low level tone T6 in Cantonese) and when one-to-one
mapping between the native accentual patterns and the non-native tones is lacking
(So & Best, 2010; Tsukada et al., 2016; Wong, 2019) (see 8L.2.1.2 for detailed
discussion).
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Moreover, studies have shown that it is not only word prosody but also
sometimes intonation in the native language that influences non-native tone
perception. For example, Braun & Johnson (2011) examined the perception of
Mandarin tones by Dutch listeners. They found that Dutch listeners were more
sensitive to the Mandarin rising and falling tones on the final syllable than on the
initial syllable, which could be due to the fact that final pitch movements can signal
post-lexical information to Dutch listeners, such as question and statement contour
(Haan et al., 1997; Van Heuven & Haan, 2002; Van Heuven & Kirsner, 2004; Van
Heuven, 2017).

Mounting literature has captured cross-linguistic perception (i.e., discrimination
and/or identification) of non-native pitch contrasts at the acoustic level and has
unveiled the influence of native word prosody, sometimes with intonation prosody,
(whether facilitation or interference). However, it seems that a scarcity of attention
is paid to position, another pivotal cue which is employed contrastively at the word
level in languages such as Japanese (the position of lexical pitch accent) and Dutch
(the position of lexical stress). How do listeners with the use of different WPCs
differ in perceiving non-native positional contrasts? Will listeners who use
positional marking at the word level (i.e., Japanese and Dutch listeners) utilize
positional sensitivity in non-native position perception? Will listeners who do not
use positional marking in their native language but use pitch variations lexically (i.e.,
Mandarin listeners) be impeded when perceiving non-native positional contrasts?

Studies on perception of non-native position have mainly been centered on
whether L2 learners can acquire and perceive contrastive position of lexical stress or
pitch accent and what perceptual cues they rely on (mostly in perceiving lexical
stress) (Beckman, 1986; Mochizuki-Sudo & Kiritani, 1991; Altmann &Vogel, 2002;
Tokuma, 2003; Wang, 2005; Altmann, 2006; Lai, 2008; Kijak, 2009; Michaux et al.,
2014; Chrabaszcz et al., 2014). There are very few cross-linguistic perception
studies with naive listeners on perception of non-native positional contrasts. For
instance, Dupoux et al., (1997, 2001) found that French listeners who do not use any
WPCs (Rossi, 1980; Di Cristo, 1988; Vaissiere, 1991) were able to discriminate
contrastive stress positions in Spanish. Hu (2015) found that Dutch listeners, who
use lexical stress, were overall good at discriminating Japanese pitch accent
positions. The very few studies on perception of non-native positional contrasts have
not accounted for a fuller understanding of how native word prosody influences
perceiving non-native positional marking from a cross-linguistic perspective.
Furthermore, no study to date has investigated the role of native word prosody in
acoustic perception of non-native pitch contrasts (tones) with positions, that is, non-
native tones contrastive in position and non-native pitch contrasts occurring in
different positions. More specifically, it remains unclear whether the use of
positional marking in the native language can facilitate acoustic perception of non-
native positional tones and non-native pitch contrasts in different positions and how
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listeners differ in perceiving non-native pitch contrasts with positions acoustically.
These are the gaps the current study aims to bridge.

Taken together, the present chapter taps into the general issue of the extent to
which native language influences cross-linguistic perception of non-native WPCs,
pitch contrasts and positional marking at the acoustic level by addressing four
specific questions:

(1) How will Mandarin, Japanese and Dutch listeners differ in perceiving non-
native pitch contrasts occurring in different positions? More specifically, will the
native WPCs facilitate the listeners’ perception of non-native pitch contrasts that
occur in different positions?

(2) What perceptual patterns will Mandarin, Japanese and Dutch listeners
display when perceiving non-native pitch contrasts occurring in different positions?
More specifically, will they show language-specific patterns or will they share
similarities?

(3) When perceiving the non-native pitch contrasts in different positions, to
what extent will position interact with non-native pitch contrast in each language
group? Will listeners show specific preferences for any positions when perceiving
non-native pitch contrasts?

(4) How will Mandarin, Japanese, and Dutch listeners differ when perceiving
non-native tones that occur in contrastive positions? More specifically, will Japanese
and Dutch listeners share commonalities, that is, transfer a native positional
sensitivity to perceive non-native positional tones? Will Mandarin listeners who use
tones but not positional marking rely on the tonal sensitivity to perceive non-native
positional tones?

In order to investigate these questions, three experiments (three AX
discrimination tasks) will be conducted. Experiments 1 investigates perception of
non-native pitch contrasts in isolation (in monosyllables), which serves as the
baseline for Experiment 2. Experiment 2 inquires perception of non-native pitch
contrasts occurring in different position (word-initial, -medial and -final in
trisyllables), which aims to answer research question (1), (2) and (3). Experiment 3
addresses research question (4) that investigates perception of non-native tones in
contrastive positions (word-initial vs. -medial position, word-initial vs. -final
position and word-initial vs. -final position).The hypotheses and predictions are as
followed:

In Experiment 1 (non-native pitch contrasts in monosyllables), it is predicted
there will be an overall hierarchical order of performance: Mandarin listeners >>
Japanese listeners >> Dutch listeners. This is based on the Functional Pitch
Hypothesis proposed by Schaefer & Darcy (2014) (derived from the Feature
Hypothesis (McAllister et al., 2002)) that the degree to which pitch functions to
differentiate lexical items in the native language shapes non-native tone perception.
More specifically, the higher the functionality of pitch used for lexical contrasts, the
better performance the listeners will display in non-native tone perception. Such
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functionality of pitch is determined by several properties: whether or not a language
uses lexical pitch, the prosodic domain where pitch variations are realized, whether
the lexical pitch is used alone (and not in combination with other acoustic
parameters to contrast words), and by the number of minimal pairs differentiated in
the native language (Schaefer & Darcy, 2014). Accordingly, Mandarin has the
highest functionality of pitch among the three languages in that pitch variations
occur on individual syllables and they are used alone to signal lexical contrasts for
most words (Chao, 1948; Ho, 1976; Howie, 1976; Lin, 1988; Duanmu, 2007).
Japanese has intermediate functionality of pitch because, though pitch is used for
lexical contrasts, pitch is used in a different manner from a canonical tone language.
An abrupt pitch fall (pitch accent) is used to signal lexical contrasts in a prosodic
word (Poser, 1984; Vance, 1987; Kubozono, 2008; Kawahara, 2015). The accented
mora receives a high pitch and the following mora receives low pitch and thus it is
the relative pitch between successive moras that is important for differentiating
lexical items. Moreover, compared with Mandarin, Japanese has fewer minimal
pairs differentiated by lexical pitch accent, 14% of minimal pairs according to
Shibata & Shibata (1990), 20% according to Pierrehumbert & Beckman (1988).
Dutch has low pitch functionality in that Dutch uses word stress for lexical contrasts.
Pitch is not the sole acoustic correlate of lexical stress in Dutch, but is one of many.
That is, the stressed syllable in a word is realized by a higher pitch (Kager 1989;
Sluijter, 1995; Sluijter & van Heuven, 1996); it is a reliable cue to differentiate
stressed vs. unstressed syllable(s) in a word when the word is marked with an accent
in narrow focus; however, pitch is absent as a cue to lexical stress in accented words
(Sluijter & Van Heuven, 1996a, 1996b). The functionality of pitch from high to low
across the three languages would predict a hierarchical perceptual performance of
Mandarin listeners >> Japanese listeners, Dutch listeners in perception of hon-native
pitch contrasts.

The predictions for the performance pattern of each language group are based
on an approach in terms of selective perceptual weighting given to specific pitch
features in long-term memory (Lee et al., 1996; Xu et al., 2006; Francis et al., 2008).
Francis et al. (2008) extended the “multi-store memory model” (Xu et al., 2006)
together with the perceptual weighting of features of tone (Lee et al., 1996) and
proposed that listeners store long-term memory representations of pitch-based
phonological categories (tone and/or intonation). The stored pitch representations in
the native language determine listeners’ language-specific weighting of perceptual
features of pitch in cross-linguistic tone perception. Accordingly, Mandarin has
contrastive contour tones but not contrastive level tones at the word prosody.
Mandarin listeners may have long term representations of contrastive contour tones
but not contrastive level tones in storage, which as a result predicts that they will be
more sensitive to non-native pitch contour contrasts than pitch level contrasts. Dutch
listeners will be more attentive to non-native pitch level contrasts than pitch contour
contrasts because Dutch has a rich inventory of nuclear tones in its intonation
system, which consists of H and L tones. Japanese listeners will be more sensitive to
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non-native pitch level contrasts than to non-native pitch contour contrasts because
Japanese uses H and L tone in lexical words.

In Experiment 2 (non-native pitch contrasts occurring in trisyllables), it yields
two divergent predictions for research question (1) (the overall perceptual
performance across language groups). 1a) If lexical pitch alone is the dominant
factor in influencing the perception of non-native pitch contrasts occurring in
different positions, based on the Functional Pitch Hypothesis (Schaefer & Darcy,
2014), it is predicted that, although Mandarin listeners do not use positional cues for
lexical contrasts, they will still outperform Japanese and Dutch listeners in that
Mandarin has higher functionality of pitch than Dutch or Japanese. 1b) Alternatively,
according to the Feature Hypothesis (McAllister et al., 2002), if a phonetic or
phonological dimension is not used for lexical contrast in the native language, it will
be difficult for naive listeners to perceive that non-native feature. So, if both lexical
pitch and position influence the perception of non-native pitch contrasts occurring in
different positions, it is predicted that Japanese listeners (who use position of pitch
accent lexically) will overall outperform Dutch listeners (who use position of lexical
stress) and Mandarin listeners (who use lexical tones) in perceiving non-native pitch
contrasts that occur in different positions.

To make predictions for research question (2) (perceptual patterns in each
language group), by grouping the positions where the non-native pitch contrasts
occur, based on Francis et al.’s (2008) proposal in terms of selective perceptual
weighting of pitch features in long-term storage, Mandarin listeners will be more
sensitive to non-native pitch contour contrasts than pitch level contrasts, while
Dutch listeners will attend more to non-native pitch level contrasts than to pitch
contour contrasts. Japanese listeners will be more sensitive to non-native pitch level
contrasts (see Experiment 1 above for details).

The predictions for research question (3) (interaction of position with the
perception of non-native pitch contrasts in trisyllables) are made in light of the
influence of the native word prosody. Mandarin uses lexical tones but not positional
marking at the word level. Since contrastive positional cues are absent in the word
prosody, Mandarin listeners may ignore the position and only use tonal sensitivity to
perceive non-native pitch contrasts in different positions. Therefore it is expected
that Mandarin listeners will not show preference for any position.

Dutch does not use lexical tones but lexical stress, of which the position is
predictable to some degree. The primary stress in Dutch is, within a three-syllable
window, generally placed at the right-hand word edge (Kager, 1989; Trommelen &
Zonneveld, 1986, 1999)™. Due to the right-edge location of stress in Dutch, Dutch
listeners are predicted to be sensitive near the end of the word when perceiving non-

1 The stress assignment in Dutch mentioned here is a generalized pattern. The placement of
stress in Dutch is more complex, based on phonological properties of words such as syllable
structure and syllable weight (see Trommelen & Zonneveld, 1986, 1999; Kager, 1989 for
details).
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native pitch contrasts. However, taking into account that the prefinal syllable, not
the final one, is the canonical position for lexical stress (Kager, 1989), Dutch
listeners are predicted to prefer the word-medial position to the word-initial and/or -
final position in perceiving non-native contrasts in trisyllables.

Japanese uses the presence/absence and the location of pitch accent at the word
level. n-mora words theoretically have n+1 possible accentual patterns (McCawley,
1968; Haraguchi, 1999; Uwano, 1999). Studies on statistical analyses of the
proportion of Japanese accentual patterns have shown that all accentual patterns
exist in 3-4 mora words (Sato, 1993; Suzuki, 1995; Kitahara, 2001). Due to the
influence of the native accentuation, Japanese listeners are expected to show no
preference for positions in perceiving non-native pitch contrasts in different
positions (initial-medial-final) since unaccented form is dominant in 3-4 mora words
in Japanese.

In Experiment 3 (perception of non-native positional tones in trisyllables) for
research question (4), it can be predicted: 4a) based on the Feature Hypothesis
(McAllister et al., 2002), Japanese listeners who use position for lexical pitch accent
will show better performance than Dutch listeners (who use position for lexical
stress) and Mandarin listeners (who use lexical tones). 4b) if perception of non-
native positional tones is by nature the perception of position, based on the Feature
Hypothesis (McAllister et al., 2002), Japanese and Dutch listeners will outperform
Mandarin listeners in perceiving non-native tones contrastive in positions. 4c) if
perception of non-native positional tones is by nature the perception of tone, based
on Functional Pitch Hypothesis (Schaefer & Darcy, 2014), Mandarin listeners will
display perceptual advantage over Dutch and Japanese listeners.

Note that the Functional Pitch Hypothesis (Schaefer & Darcy, 2014), Feature
Hypothesis (McAllister et al., 2002) and Francis et al., (2008) do not strictly tease
apart processing levels but generally aim to shed light on the understanding of
perception of non-native sounds (i.e., cross-linguistic tone perception) and its
acquisition, which entails that these hypotheses can be applied to predict perceptual
performance at the acoustic level.

2.2 Method

Identification and discrimination tasks are regarded as two general types of tasks
used to examine perception of phonetic contrasts (e.g., segmentals and
suprasegmentals) (Strange & Shafer, 2008). In an identification task, listeners are
presented with recorded stimuli one at a time and are required to identify or label the
stimulus as an instance of a discrete phonetic category (Strange & Shafer, 2008). In
a discrimination task, two (AX) or more stimuli (ABX) are presented and listeners
should judge the relationship between the stimuli. More specifically, in an AX
discrimination task, listeners should determine whether the target stimulus X
matches the item A or not. In an ABX (or variation AXB) task, listeners should
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judge whether the target stimulus X matches the item A or the item B, which may, to
some extent, tap into the listener’s phonological representations (Dupoux et al., 1997;
Strange & Shafer, 2008). Comparatively, AX task imposes less memory load on
listeners in that listeners retain less auditory trace of previous stimulus in their short-
term memory stores and thus listeners can make same-or-different judgments based
on the immediate acoustic comparison of the two stimuli, which encourages an
acoustic mode of listening to a larger extent (Logan & Pruitt, 1995; Strange &
Shafer, 2008). Therefore, AX discrimination task will be applied in the current study
to investigate perception of non-native WPCs at the acoustic level. In the AX
paradigm, the order of the two items to be discriminated can be AA, XA and AX.

2.2.1 Participants

Thirty native speakers of Dutch (eight male and twenty-two female) and thirty-two
native speakers of Mandarin Chinese (thirteen male and nineteen female) were
recruited from Utrecht University. Thirty-two native speakers of Tokyo Japanese
(ten male and twenty-two female) were recruited from International Christian
University in Tokyo. The average age of Dutch, Mandarin and Japanese listeners
was 22 years old (SD = 4.1), 25 years old (SD = 3.7) and 25 years old (SD = 5.6),
respectively. All the Mandarin participants speak native northern Chinese dialects,
with no prior experience of Cantonese or any other tonal languages including
southern Chinese dialects. None of the Dutch or Japanese listeners had been exposed
systematically to any tonal languages including tonal dialects (e.g., Limburgian for
Dutch listeners and Osaka dialect for Japanese listeners). None of the Mandarin
participants spoke Dutch or have learned Dutch. The only foreign language all the
three groups of participants have been exposed to is English. None of the
participants had any systematic musical training and none reported any hearing
impairment.

2.2.2 Stimuli

Cantonese tones were selected as the stimuli material in that Cantonese tones are
contrastive in pitch level and pitch contour, which is non-native to Dutch, Japanese
and Mandarin listeners. There are six contrastive tones in Cantonese (Fok Chan,
1974; Bauer & Benedict, 1997), three level tones, namely, high level tone (T1) , mid
level tone (T3) and low level tone (T6), and three contour tones, namely, high rising
tone (T2), low falling tone (T4) and low rising tone (T5), as displayed in Figure 2.1.
| selected three level tones high vs. mid vs. low level tone (T1, T3 and T6) as pitch
level contrasts and two contour tones low rising and low falling tone (T4 and T5) as
pitch contour contrasts.
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Figure 2.1. Cantonese tones (reproduced from Qin & Mok (2013) with permission).

2.2.2.1 Experiment 1: Perception of non-native pitch contrasts in monosyllables

The stimuli in Experiment 1 consisted of the monosyllable /ba/ carrying three level
tones and two contour tones. Six repetitions of /ba/ in each tone were produced and
recorded in isolation in Praat (Boersma & Weenink, 2008) by a 26-year-old native
Cantonese female speaker who is a well-trained phonetician. Three tokens of the
best quality of each tone were selected. All the tokens were normalized in Praat with
an intensity of 70 dB and duration of 400 ms. The five tones result in 10 contrastive
tone pairs as shown in Table 2.1. The overall design of Experiment 1 was: target
pairs (10) x the order of X (2: AX, XA) with fillers (10 AA pairs), which contained
30 trials in total.

Table 2.1. Non-native pitch contrasts in monosyllables (Experiment 1).

Pitch contrasts Tonal pattern

Pitch level contrast T1-T3 (high vs. mid level tone)
T1-T6 (high vs. low level tone)
T3-T6 (mid vs. low level tone)

Pitch level T1-T4 (high level vs. low falling tone)
Vs. T1-T5 (high level vs. low rising tone)
pitch contour contrast T3-T4 (mid level vs. low falling tone)

T3-T5 (mid level vs. low rising tone)
T6-T4 (low level vs. low falling tone)
T6-T5 (low level vs. low rising tone)

Pitch contour contrast T4-T5 (low falling vs. low rising tone)
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2.2.2.2 Experiment 2: Perception of non-native pitch contrasts in trisyllables

The stimuli in Experiment 2 consisted of trisyllabic nonwords /bababa/. All tokens
of /bababa/ were concatenated sequences consisting of three monosyllables /ba/ the
same as in Experiment 1. Six tokens of the monosyllable /ba/ in each tone were
recorded by the same speaker in Experiment 1. Three tokens of the best quality of
/ba/ were selected and normalized in Praat with an intensity of 70 dB and duration of
300ms. In order to maximally preserve the word-like character of the /bababa/
sequence, it was presented to five Cantonese native speakers, four Mandarin native
speakers, two Japanese native speakers and four Dutch native speakers in four
conditions: no silence inserted among each syllable in /bababa/, 15 ms, 25 ms, 35ms
and 50ms silence inserted among each syllable in /bababa/, respectively. They were
required to score to what extent /bababa/ sounded like a natural word on a 5-point
scale (where 1 means ‘not word-like’ and 5 ‘extremely word-like”). /bababa/ with 25
ms silence inserted among each syllable was scored highest > .None of the
participants regarded or noticed the 25 ms as a salient pause, which might influence
their perception. Thus 25 ms silence was selected, yielding a total duration of all
trisyllabic tokens of (300+25+300+25+300=) 950 ms. Figure 2.2 shows an example
of the stimuli /bababa/.

500
(Hz)

ba(T1) ba(T3) ba(T1)

/bababa/(T1T3T1)

Figure 2.2 Stimulus /bababa/ (T1T3T1).

To investigate perception of non-native pitch contrasts depending on positions,
the 10 contrastive tonal pairs in Experiment 2 occurred in word-initial, -medial or -
final position. Three level tones were used as contextual tones in the other two
positions. The whole design is displayed in Table 2.2. For instance, a target pair
could be: T1-T1-T5 (high level tone-high level tone-low rising tone) vs. T1-T1-T6
(high level tone-high level tone-low level tone), where T1 (high level tone) was the
contextual tone and T5-T6 (low rising vs. low level) tone was the contrastive tone
pair on word-final position.

12 See Appendix A for details.
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The overall design in Experiment 2 was: contextual tone (3: T1 high level tone,
T3 mid level tone or T6 low level tone) x tone pair (the same 10 contrasts in Part a)
X position (3: word-initial, -medial, and -final) x the order of X (2: AX or XA),
resulting in 180 trials in total. 65 fillers were used. The fillers consisted of AA pairs
of trisyllabic nonwords /bababa/ in which each syllable carried the same tone such
as T1-T1-T1vs. T1-T1-T1, or different tones such as T1-T4-T4 vs. T1-T4-T4 or T4-
T5-T6 vs. T4-T5-T6.

Table 2.2. Non-native pitch contrasts in trisyllables (Experiment 2).

Pitch contrasts Tonal pattern Examples Position
Pitch level contrast  T1-T3 TITIT1-T3T1T1 Initial
TIiTAT1-T1T3T1 Medial
TITIT1-T1T1T3 Final
T1-T6 TIT1T1-T6TITL Initial
TI1TAIT1-T1T6T1 Medial
TITAIT1-T1T1T6 Final
T3-T6 T3T1T1-T6TITL Initial
T1T3T1-T1T6T1 Medial
T1TAIT3-T1T1T6 Final
Pitch level T1-T4 TIT1T1-T4TITL Initial
VS. TITIT1-T1T4T1 Medial
pitch contour TITIT1-TIT1T4 Final
contrast T1-T5 TITIT1-T5T1T1 Initial
TIT1T1-T1T5T1 Medial
TITIT1-T1TITS Final
T3-T4 T3T1T1-T4T1T1 Initial
T1T3T1-T1T4T1 Medial
TIT1T3-T1T1T4 Final
T3-T5 T3TIT1-T5T1T1 Initial
T1T3T1-T1T5T1 Medial
TIT1T3-T1T1TS Final
T4-T6 TATIT1-T6TITL Initial
T1T4T1-T1T6T1 Medial
T1T1T4-T1T1T6 Final
T5-T6 T5T1T1-T6TITL Initial
T1T5T1-T1T6T1 Medial
T1TAIT5-T1T1T6 Final
Pitch contour T4-T5 TATIT1-T5TLITL Initial
contrast T1T4T1-T1T5T1 Medial

TIT1T4-T1T1TS Final
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2.2.2.3 Experiment 3: Perception of non-native positional tones in trisyllables

Experiment 3 examined the perception of non-native positional tones, where the five
tones (T1, T3, T4, T5 and T6) were kept constant while the position was contrastive.
Level tones were used as contextual tones. Table 2.3 shows the whole design. For
instance, contrastive positional pair could be /bababa/ in T1-T1-T5 vs. T1-T5-T1
(high level tone - high level tone - low rising tone vs. high level tone - low rising
tone - high level tone), in which the positional contrast of T5 is in word-final versus
word-medial position. The overall design is: contextual tone (3: T1 high level tone,
T3 mid level tone or T6 low level tone) x target tone (5: T1, T3, T4, T5 and T6) x
positional contrast (3: word-initial vs. -medial position, word-initial vs. -final
position and word-medial vs. -final position) x the order of X (2: AX or XA),
leading to 90 pairs in total. 30 fillers were used, consisting of AA pairs of trisyllabic
nonwords /bababa/ in which each syllable carries the same tone such as T4-T4-T4 vs.
T4-T4-T4, or different tones such as T1-T5-T3 vs. T1-T5-T3 or T3-T3-T4 vs. T3-
T3-T4.

Table 2.3. Positional contrasts of non-native tones in trisyllables (in Experiment 3).

Tone

Examples

Positional contrast

T1
(high level tone)

T1T3T3-T3T1T3

Initial vs. medial

T1T3T3-T3T3T1

Initial vs. final

T3T1T3-T3T3T1

Medial vs. final

T3
(mid level tone)

T3T1T1-T1T3T1

Initial vs. medial

T3T1T1-T1T1T3

Initial vs. final

T1T3T1-T1T1T3

Medial vs. final

T4
(low falling tone)

TAT3T3-T3T4T3

Initial vs. medial

T4T3T3-T3T3T4

Initial vs. final

T3T4T3-T3T3T4

Medial vs. final

T5
(low rising tone)

TSTITI-TITST1

Initial vs. medial

TSTIT1-TIT1TS

Initial vs. final

TITSTI-TITITS

Medial vs. final

T6
(low level tone)

T6T3T3-T3T6T3

Initial vs. medial

TG6T3T3-T3T6T3

Initial vs. final

T6T3T3-T3T6T3

Medial vs. final

The ISl (inter-stimulus-interval) in each trial was 800 ms in Experiment 1
(perception of non-native pitch contrasts in monosyllables) and 1200 ms in
Experiment 2 (perception of non-native pitch contrasts in trisyllables) and
Experiment 3 (perception of non-native positional tones in trisyllables). All the trials
in each experiment were randomized.



46 Perception of non-native WPCs at the acoustic level

2.2.3 Procedure

The three experiments were programmed and conducted in Zep software (Veenker,
2012). All the participants participated in the three experiments in one go. They all
participated in Experiment 1 first. After finishing Experiment 1, half of them
participated in Experiment 2 next and half of them participated in Experiment 3 next.
They were tested individually in a sound-attenuated room, equipped with a computer,
headphones and a two-button button box. Dutch and Mandarin listeners were tested
in the UiL-OTS phonetics lab at Utrecht University. Japanese listeners were tested
in a quiet room in the Research and Education Centre at the International Christian
University in Tokyo. All the participants were instructed to listen to a pair of tokens
that only differed in “melody” and to judge whether the tokens were same or
different by pressing the button “Same” or “Different” on the button box as quickly
and accurately as possible.

Each experiment consisted of a practice phase (6 trials in each part) and a test
phase (30, 245, 120 trials in each part, respectively). Participants were instructed to
take a 3-5 minutes' break after finishing each experiment. In the test phase of Part b
in Experiment 1, when the trials proceeded to 120, there was a three-minute break so
that the participants could take a rest. After the break, they could proceed by
themselves. The trial proceeded immediately once the response was made. If the
participant failed to respond within 1500 ms, the trial would proceed automatically.
Completing all three experiments took approximately 45 minutes.

2.3 Results and discussion
2.3.1 Experiment 1: Perception of non-native pitch contrasts in monosyllables

2.3.1.1 Perceptual performance across language groups

A correct response made by a participant was marked as “1” while an incorrect
response was marked as “0”. Any missing response was regarded as an incorrect
response. To analyze whether the three language groups differ in perceiving non-
native tonal contrasts, a generalized linear mixed model (GLMM) was computed in
SPSS 25. Language (3 levels) and Contrast (10 levels) were taken as fixed factors.
Intercepts for participants and items were added as random effects™. The F-tests
show that Contrast (F (9, 1,850) = 5.652, p < 0.001) was significant and Language
(F (2, 1,850) = 0.008, p = 0.992) was not significant, as reported in Table 2.4. An
interaction of Language and Contrast was significant (F (18, 1,850) = 3.225, p <
0.001), suggesting that the performance of language groups differed on the pitch
contrasts. Figure 2.3 displays estimated proportion of accuracy of each pitch contrast
of each language group.

¥ Random slope was not added in the analysis in the three empirical chapters in the
dissertation because the models with random slope failed to converge.
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Table 2.4. Parameters for fixed effects and random effects in Experiment 1.

Fixed effects F df p
Language group 0.019 2 0.992

Tonal contrast 5.652 9 <0.001
Language group * Tonal contrast  3.225 18 <0.001
Random effects Est. Std. Error z p

1 | Participant 1.900 0.424 4.481 <0.001
1| Item 1.157 0.267 4.324 <0.001

Firstly, to compare the perceptual differences across language groups, a post
hoc pair-wise analysis with Bonferroni adjustment was conducted. It showed that the
three language groups did not differ in perceiving pitch contrasts located in high-mid
register. They differed significantly in perceiving pitch contrasts located in mid to
low register zone (T4-T5, T4-T6 and T5-T6), as can be seen in Figure 2.3. More
specifically, Mandarin listeners showed significantly better performance than
Japanese listeners (F (9, 1,850) = 14.689, p = 0.013) and Dutch listeners (F (9,
1,850) = 31.802, p < 0.001) in perceiving non-native T4-T5. Mandarin listeners did
not differ from Japanese listeners (F (9, 1,850) = 7.984, p = 0.068) in perceiving T4-
T6 while they both significantly outperformed Dutch listeners (F (9, 1,850) = 62.173,
p < 0.001). When perceiving T5-T6, Mandarin listeners significantly outperformed
Japanese listeners (F (9, 1,850) = 207.132, p < 0.001) and Dutch listeners (F (9,
1,850) = 212.365, p < 0.001), while Japanese listeners significantly outperformed
Dutch listeners (F (9, 1,850) = 13.712, p = 0.017).
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Figure 2.3. Performance of each contrast by each group in monosyllables
(Experiment 1). Error bar**: 95%Cl

Secondly, a post hoc pair-wise analysis of pitch contrasts (with Bonferroni
adjustment) for each language group was conducted to investigate language-specific
perceptual patterns. As shown in Figure 2.3, Dutch listeners performed significantly
worse in perceiving T5-T6 than all the other pitch contrasts, with around 13%
accuracy (F (9, 1,850) = 41.920, p < 0.001). Apart from the most troublesome T5-
T6, they also displayed worse performance in perceiving T4-T5 (F (9, 1,850) =
38.105, p < 0.001) and T4-T6 (F (9, 1,850) = 34.376, p < 0.001) than the other
contrasts.

Japanese listeners had significantly more trouble in perceiving T5-T6, with
only 36.9% accuracy, well below chance level (50%), compared with their good
performance in perceiving other pitch contrasts all reaching more than 80%
accuracy (F (9, 1,850) = 6.710, p < 0.001).

Different from Dutch and Japanese listeners, Mandarin listeners showed
significant vulnerability in perceiving T3-T6, below 75% accuracy, than the other
contrasts (F (9, 1,850) = 5.981, p = 0.031) which all achieved above 90% accuracy,
except for T1-T3 (73.5% accuracy) (F (9, 1,850) = 2.418, p = 0.895).

2.3.1.2 Summary

To summarize, the three language groups differed in perceiving non-native pitch
contrasts in monosyllables. All three groups achieved equally good performance in
perceiving non-native pitch contrasts paired with T1 and T3 in high-mid register,
which could be due to the relatively high acoustic salience of T1 and T3 (Qin &
Mok, 2013). However, they differed in perceiving non-native pitch contrasts located

1 The error bar reported in the current dissertation refers to 95% CI.
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in mid-low register (T4-T5, T4-T6 and T5-T6). More specifically, Mandarin
listeners showed better performance than Dutch and Japanese listeners in perceiving
T4-T5 and T5-T6. Mandarin and Japanese listeners performed equally well in
discriminating T4-T6, both displaying advantage over Dutch listeners. The
advantage of Mandarin listeners over Japanese and Dutch listeners in discriminating
non-native pitch contrasts in mid-low register could be due to the maximal
functionality of pitch in the native language (Schaefer & Darcy, 2014).

Moreover, language-specific perceptual patterns were observed as well. Dutch
listeners had relatively worse performance in perceiving pitch contrasts located in
mid-low register (T4-T5, T4-T6 and T5-T6) compared with their good performance
in perceiving other contrasts. They were still able to perceive T4-T5 and T4-T6,
both above chance level (50%). However, they seemed especially unable to perceive
T5-T6, with merely 13.7% accuracy. T5-T6 brought the most trouble to Japanese
listeners as well. Japanese listeners achieved good performance in discriminating all
the other contrasts except for the problematic T5-T6. Unlike Dutch and Japanese
listeners, Mandarin listeners were relatively worse in discriminating non-native pitch
level contrasts T1-T3 (high level vs. mid level tone) and T3-T6 (mid level vs. low
level tone) compared with their good performance in discriminating other contrasts.
The differences in perceptual patterns between language groups can be attributed to
influence of the native word prosody, which will be further discussed in detail in
4.

2.3.2 Experiment 2: Perception of non-native pitch contrasts in trisyllables

2.3.2.1 Perceptual performance across language groups

Experiment 2 investigated the specific perceptual patterns of each language group in
perceiving non-native pitch contrasts (the same 10 non-native pitch contrasts in
Experiment 1) occurring in different positions (word-initial, -medial and —final
position). A GLMM was computed in SPSS 25 in which Language (3 levels),
Contrast (10 levels) and Position (3 levels) were computed as fixed factors.
Intercepts for participants and items were added as random effects. Table 2.5 reports
that Language (F (2, 8,424) =12.412, p < 0.001), Contrast (F (9, 8,424) = 15. 292, p
< 0.001) and Position (F (2, 8,424) = 7.673, p < 0.001) were significant.
Furthermore, the interaction between Language and Contrast (F (18, 8,424) =
10.045, p<0.001) and between Language and Position (F (4, 8,424) = 3.349, p =
0.010) were significant as well, indicating that the differences between language
groups depended on the contrast and position, respectively. No interaction between
Contrast and Position was found (F (18, 8,424) = 0.487, p = 0.965), nor was a three
way interaction between Contrast, Position and Language (F (54, 8,370) = 0.542, p
=0.998).
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Table 2.5. Parameters for fixed effects and random effects in Experiment 2.

Fixed effects F df p
Language group 12.412 2 <0.001
Tonal contrast 15. 292 9 <0.001
Position 7.673 2 <0.001
Language group * Tonal contrast  10.045 18 <0.001
Language group * Position 3.349 4 0.010
Tonal contrast * Position 0.487 18 0.965
Random effects Est. Std. Error  z p

1 | Participant 0.824 0.154 5.348 <0.001
1| Item 0.922 0.184 5.020 <0.001

The observed interaction effects between Language and Contrast, as well as
between Language and Position, allowed us to further investigate, 1) perceptual
differences across the three groups for non-native pitch contrasts and positions and,
2), perceptual patterns within each group in perception of non-native pitch contrasts
and positions. First, a Bonferroni-corrected post hoc pair-wise analysis was carried
out to compare differences across groups in perception of non-native pitch contrasts
and positions. Figure 2.4 provides a detailed scenario of the performance of the three
groups in perceiving non-native pitch contrasts. It can be seen that, although all the
groups performed equally well in discriminating contrasts in high-mid register (T4-
T5, T4-T6 and T5-T6) with nearly ceiling performance, they differed from each
other in other pitch contrasts. Mandarin listeners outperformed Dutch listeners in
discriminating all three mid-low tone contrasts (T4-T5: F (2, 8,424) = 9.247, p <
0.001), T4-T6: (F (2, 8,424) = 4.05, p = 0.020) and T5-T6: (F (2, 8,424) = 33.757, p
< 0.001). Mandarin listeners showed significantly better performance than Japanese
listeners in discriminating contrast T4-T5 (F (2, 8,424) = 9.247, p < 0.001) and T5-
T6 (F (2, 8,424) = 33.757, p < 0.001). Japanese listeners significantly outperformed
Dutch listeners in discriminating contrast T4-T6 (F (2, 8,424) = 4.050, p = 0.020).
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Figure 2.4 Performance of perception of non-native pitch contrasts of each group in
trisyllables (Experiment 2).

Figure 2.5 displays the performance of the three language groups in each
position. When the non-native pitch contrasts occurred in word-initial position,
Mandarin listeners outperformed Dutch (F (2, 8,424) = 6.799, p = 0.002) and
Japanese listeners (F (2, 8,424) = 4.601, p = 0.042). Similarly, when perceiving non-
native pitch contrasts in word-medial position, Mandarin listeners outperformed
Dutch (F (2, 8,424) = 6.437, p=0.005) and Japanese listeners (F (2, 8,424) = 6.314,
p = 0.009). In word-final position, both Mandarin listeners (F (2, 8,424) =6.179, p =
0.007) and Japanese listeners (F (2, 8,424) = 5.581, p = 0.013) showed better
performance than Dutch listeners in word final position, while the former two
groups did not differ (F (2, 8,424) = 2.917, p = 0.105).
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Figure 2.5. Performance of perception in each position by each group in trisyllables
(Experiment 2)
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Secondly, a Bonferroni-corrected post hoc pair-wise analysis with contrast (10
levels) and position (3 levels) was conducted in GLMM for each language group to
investigate language-specific perceptual patterns. For Dutch listeners, Contrast (F (9,
8,424) = 17.761, p < 0.001) and Position (F (2, 8424) = 5.383, p = 0.005) were both
significant. Dutch listeners reached a great performance in discriminating contrasts
with T1, with accuracy above 95%. T5-T6, compared with the other contrasts (F (9,
8,424) =6.858, p < 0.001 to all the other contrasts), was significantly difficult for
Dutch listeners, with accuracy below chance level (37% accuracy). Besides T5-T6,
T4-T6 and T4-T5 (F (9, 2,688) = 8.692, all p < 0.001) were troublesome for Dutch
ears as well; however, the discrimination of these two contrasts were still above
chance level. Regarding position, Dutch listeners performed significantly better on
word-final (93.1% accuracy) than word-initial position (85.6% accuracy) (F (2,
8,424) = 3.016, p = 0.043). Moreover, no significant interaction between Contrast
and Position was observed (F (18, 8,424) = 0.332, p = 0.996).

For the Japanese group, both Contrast (F (9, 8,424) = 12,510, p<0.001) and
Position (F (2, 8,424) = 4.935, p = 0.007) was significant. Contrast did not interact
with Position significantly (F (18, 8,424) = 0.467, p = 0.972). It was found that
Japanese listeners’ performance of perceiving T5-T6 was significantly worse than
that of the other pitch contrasts (F (9, 8,424) = 5.998, p < 0.001 to all the other
contrasts). T4-T5 was worse than the others (F (9, 8,424) = 5.173, p < 0.05 to all
the other contrasts) except for T5-T6. With regard to the performance on positions,
they performed significantly better on word-final (97.5% accuracy) (F (2, 8,424) =
6.266, p = 0.005) than word-medial (93.3% accuracy) and word-initial (90.8%
accuracy) (F (2, 8,424) =5.937, p = 0.024).

For Mandarin listeners, Contrast was not significant (F (9, 8,424) = 1.511, p =
0.138). They performed equally well in perceiving all the pitch contrasts (F (9,
8,424) = 2.510, p=>0.05 in all pair-wise comparisons). With respect to perceiving
pitch contrasts on different positions (Position: F (9, 8,424) = 3.850, p = 0.041),
they performed significantly better when pitch contrasts occurred on word- final
(98.7% accuracy) than word-initial position (95.8% accuracy) (F (2, 8,424) = 3.360,
p = 0.030). No interaction was found between Contrast and Position (F (18, 8,424)
= 0.138, p = 0.999), suggesting that position does not interfere with Mandarin
listeners’ performance in differentiating contrasts.

2.3.2.2 Summary

Taken together, when perceiving non-native pitch contrasts in trisyllables, the three
language groups differed on pitch contrasts and on positions. With regard to non-
native pitch contrasts, the three groups performed equally well when perceiving
pitch contrasts located in high-mid register. What made a difference was their
performance of pitch contrasts in mid-low register. Mandarin listeners showed
advantage over Dutch and Japanese listeners in perceiving contrasts located in mid-
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low register (T4-T5, T4-T6 and T5-T6), which was in line with the findings in
Experiment 1 (perception of non-native pitch contrasts in monosyllables).

Regarding the performance for each position, Mandarin listeners overall
showed a better performance than Japanese and Dutch listeners. Specifically, when
the non-native pitch contrasts occurred in word-initial and -medial positions,
Mandarin listeners outperformed Dutch listeners and Japanese listeners. Mandarin
listeners and Japanese listeners outperformed Dutch listeners in perceiving non-
native pitch contrasts in word-final position. The better performance of Mandarin
listeners in perceiving non-native contrasts in each position could be a benefit from
lexical pitch being used to the maximal degree in Mandarin (Schaefer & Darcy,
2014).

Furthermore, position did not interact with the perception of non-native pitch
contrasts in trisyllables. All three groups showed better performance when the non-
native pitch contrasts occurred word-finally than word-initially, which could be due
to the recency effect such that acoustic information on the final syllable is easier to
recall than that on non-final syllables (Demany & Semal, 2008).

Language-specific perceptual patterns regarding non-native pitch contrasts
were observed as well. Dutch listeners showed relatively worse performance in
discriminating non-native pitch contrasts located in mid-low register (T4-T5, T4-T6
and T5-T6), compared with their good perception of other contrasts. They seemed
unable to discriminate T5-T6, with only near 14% accuracy. Japanese listeners had
good perception in all the pitch contrasts except for T5-T6. The perceptual patterns
of Dutch and Japanese listeners were consistent with their performance in perceiving
the non-native pitch contrasts in isolation. Unlike Dutch and Japanese listeners,
Mandarin listeners performed equally well in perceiving all the non-native pitch
contrasts, which was inconsistent with their perception of the pitch contrasts in
isolation. They had comparatively difficulty in perceiving non-native pitch level
contrast T1-T3 and T3-T6 in isolation. However, their equally good performance of
non-native pitch level and pitch contour contrasts in trisyllables seemed suggest that
Mandarin listeners might need contextual tones to discriminate non-native pitch
level contrasts.

2.3.3 Experiment 3: Perception of non-native positional tones

2.3.3.1 Performance across language groups

In order to investigate whether the three groups differ in perceiving positional
contrasts, a GLMM analysis was conducted, with fixed factors Language (3 levels),
Contrast (5 levels: T1, T3, T4, T5 and T6), Positional Contrast (3 levels: initial vs.
medial, initial vs. final and medial vs. final) and Contextual Tone (3 levels: T1, T3
and T6). Intercepts for participants and items were added as random effects. Table
2.6 shows that Language (F (2, 3,370) = 14.052, p<0.001), Tone (F (4, 3,370) =
6.828, p < 0.001) and Contextual Tone (F (2, 3,370) = 16.833, p < 0.001) were
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significant, while Positional Contrast had no significant main effect (F (2, 3,375) =
0.032, p = 0.968). An interaction between Tone and Contextual Tone (F (5, 3,370) =
3.922, p = 0.002) was found to be significant. There was no significant interaction
between Language and Tone (F (8, 3,367) =0.573, p = 0.801) or Language and
Contextual tone (F (4, 3,371) = 1.312, p = 0.263). No three-way interaction was
found among Language, Contextual tone and Tone (F (22, 3,348) =0.455, p =
0.986).

Table 2.6. Parameters for fixed effects and random effects in Experiment 3.

Fixed effects F df p
Language 14.052 2 <0.001
Tone 6.828 4 <0.001
Positional contrast 0.032 2 0.968
Contextual tone 16.833 2 <0.001
Tone & Contextual tone 3.922 5 0.002
Language * Tone 0.573 8 0.801
Language * Contextual tone 1.312 4 0.263
Language * Contextual tone * 0.455 22 0.986
Tone

Random effects Est. Std. Error z p

1| Participant 1.193 0.328 3.637 <0.001
1| Item 0.026 0.076 0.347 0.729

A post hoc pair-wise analysis (with Bonferroni adjustment) of Language
showed that although all the three groups reached over 95% accuracy, a graded
order of overall performance was still observed: Mandarin listeners (99.6% accuracy)
outperformed Japanese listeners (98.9% accuracy) (F (2, 3,370) = 7.354, p = 0.002)
and Dutch listeners (96.6%) (F (2, 3,370) = 4.650, p = 0.030). Moreover, Japanese
listeners outperformed Dutch listeners (F (2, 3,370) =5.192, p = 0.018).

An interaction between Contextual tone and Tone suggests that the perception
of non-native positional tones in general depended on the contextual tone. By a
Bonferroni-corrected post-hoc pair-wise analysis, when the contextual tone was T1
and T3, the performance of the perception of all the tones achieved accuracy above
95%. When the contextual tone was T6, the overall performance of perceiving T1,
T3 and T4 in different positions was still above 95% accuracy. T5 was the exception
in that the overall performance of perceiving T5 when the contextual tone was T6
dropped to 79.3% accuracy, significantly worse than when the contextual tone was
T1(F(2,3,370) =13.185, p <0.001) and T3 (F (2, 3,370) = 15. 767, p < 0.001).
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Figure 2.6. Performance of each group in perception of non-native tones with
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Figure 2.8. Performance of each group in perception of hon-native tones with
contextual tone T6 (Experiment 3).

Figure 2.6, 2.7 and 2.8 show the performance of each language group in
discriminating non-native tones with contextual tone T1, T3 and T6, respectively.
Although no significant interaction was observed among Language, Tone and
Contextual Tone, driven by the hypothesis, GLMM analysis (with Tone and
Contextual tone as fixed factors, and participant and item as random effects) was
conducted for each language group for exploratory purposes. For Dutch listeners,
Tone (F (4, 1,068) = 3.166, p =0.013), Contextual Tone (F (2, 1,068) = 9.357, p
<0.001) and an interaction between Tone and Contextual Tone (F (5, 1,068) = 3.208,
p = 0.07) were significant. When the contextual tone was T6, their performance of
discriminating T5 in contrastive positions, was significantly worse (55.9% correct)
than their performance when the contextual tone was T1 (96.2% correct) (F (2,
1,068) = 9.795, p <0.001) and T6 (97.2% correct) (F (2, 1,068) = 7.393, p < 0.001).

For Japanese listeners, Tone (F (4, 1,176) = 5.329, p < 0.001) and Contextual
Tone (F (2, 1,176) = 8.534, p<0.001) and an interaction between Tone and
Contextual Tone (F (5, 1,176) = 3.062, p = 0.03) were found significant. They were
found relatively worse in perception of T5 in contrastive positions when the
contextual tone was T6 (with 76.2% accuracy), compared with when the contextual
tone was T1 (100% accuracy) (F (2, 1,176) = 6.063, p = 0.003) and T3 (98.5%
accuracy) (F (2, 1,176) = 6.180, p = 0.002).

For Mandarin listeners, none of the fixed factors were found significant (Tone:
F (4, 1,176) = 0.151, p = 0.96; Contextual Tone: F (2, 1,176) = 0.776, p = 0.46;
interaction between Tone and Contextual Tone: (F (5, 1,176) = 0.058, p = 0.95).
They performed equally well on discriminating different tones that were contrastive
in position, regardless of contextual tone.
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2.3.3.2 Summary

To conclude, all three language groups showed good performance in discriminating
non-native tones when they occurred in contrastive positions. Despite their overall
good performance, a gradient fashion was still observed: Mandarin listeners >>
Japanese listeners >> Dutch listeners. The relatively poor performance of Japanese
and Dutch listeners was presumably caused by T5 interacting with contextual tone
T6. More specifically, for Japanese and Dutch listeners, when the contextual tone
was T6, perceiving T5 contrastively in different positions was significantly more
difficult than discriminating it when the contextual tone was either T1 or T3. Note
that T5 and T6 share similarities in their onset but differ towards the ending point;
these tones were shown to be crowded psycho-acoustically for non-canonical tone
listeners in previous studies (Qin & Mok, 2013; Wong, 2019; Francis et al., 2008).
Presumably due to a lack of lexical tones in their native language, Dutch and
Japanese listeners had difficulty in discriminating T5 and T6 across the board,
whereas the presence of native lexical tones may benefit Mandarin listeners in
discriminating T5 and T6 regardless of the position. Therefore, all three language
groups were found to have overall good performance in discriminating non-native
positional tones. The confusion of discriminating T5 in contrastive position with
contextual tone T6, observed in Dutch and Japanese listeners, was not due to their
inability to discriminate positional tones but to their general perceptual difficulty in
discriminating T5 from the contextual tone T6. Note that considering the interaction
of among contextual tone, tone and language was not significant, the current results
with regard to the confusion of T5-T6 in Dutch and Japanese listeners shoud be
taken with caution.

2.4 General discussion

The present chapter investigated perception of non-native WPCs via three
experiments, namely, perception of non-native pitch contrasts in monosyllables (in
isolation) (Experiment 1), perception of non-native pitch contrasts in trisyllables (in
different positions) (Experiment 2) and perception of non-native positional tones in
trisyllables (Experiment 3). It attempted to tap into the role native word prosody
plays in processing non-native WPCs at the acoustic level by addressing 1) whether
the three language groups overall make differences in perception of non-native
WPCs, 2) whether the three groups display language-specific patterns, and 3)
whether the position influences the perception of non-native pitch contrasts in
trisyllables. The current section will first discuss the perception of non-native pitch
contrasts in isolation (in monosyllables) and in different positions (in trisyllables)
and then discuss the perception of non-native positional tones, from the perspective
of comparisons both across groups and within groups.
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2.4.1 Perception of non-native pitch contrasts in monosyllables

To start with, a hierarchical order of overall performance was predicted: Mandarin
listeners >> Japanese listeners, Dutch listeners in perception of non-native pitch
contrasts in monosyllables (Experiment 1). However, the findings in Experiment 1
were different from the prediction. It was found that the perceptual differences
among the three groups depended on non-native pitch contrasts. The three language
groups performed equally well in perception of non-native pitch contrasts located in
high-mid register (tonal pairs with T1 and T3) but they differed in discriminating
non-native pitch contrasts in mid-low register (T4-T5, T4-T6, T5-T6). Their equally
good performance in discriminating non-native high-mid pitch contrasts could be
due to the intrinsic acoustic salience of T1 and T3 in contrast with other tones. T1,
the high level tone, is located in the high register area, well-separated from other
tones in the acoustic space, which makes it distinctive from other Cantonese tones
(Qin & Mok, 2013; Qin, 2014; Mok & Wong, 2010; Wong, 2019). T3, the mid level
tone, located in the high-mid register area, is relatively distinct from low tones in the
acoustic perceptual space (Francis et al., 2008; Qin & Mok, 2013).

Where the three language groups differed in their overall performance was the
non-native pitch contrasts in mid-low register (T4-T5, T4-T6 and T5-T6). It was
observed that Mandarin listeners showed an advantage over Dutch listeners and
Japanese listeners in discriminating the mid-low tone pairs. The low falling tone T4,
low rising tone T5 and low level tone T6 are crowded into a small acoustic space.
They are acoustically similar in that they have acoustically close starting points, and
they differ slightly in their ending points (Qin &Mok, 2013). The acoustic similarity
could result in more difficulty for Japanese and Dutch listeners than Mandarin
listeners because Japanese and Dutch have more limited functionality of pitch
compared to Mandarin, according to the Functional Pitch Hypothesis (Schaefer &
Darcy, 2014) as mentioned before. In contrast, the high functionality of pitch in
Mandarin may benefit Mandarin listeners in discriminating non-native pitch
contrasts when they are not acoustically salient. The differences observed across the
three language groups may also suggest that when non-native tonal contrasts are not
acoustically salient, Mandarin listeners may approach a discrimination task more
phonologically than acoustically in that they may perceive the non-native tones
based on their similarity to their native tonal categories and hence they may not need
to focus on memorizing detailed acoustic information when making the same-or-
different decision.

It is notable that when discriminating T4-T6, Japanese listeners were as good
as Mandarin listeners, and they both outperformed Dutch listeners. This could be
due to the sensitivity to a pitch fall HL in Japanese listeners. Japanese uses pitch
accent (a pitch fall from H to L tone in two successive moras) to differentiate lexical
items (Poser, 1984; Kubozono, 2008). Previous studies have shown that Japanese
listeners are sensitive to the location of a pitch accent and discriminate contrastive
accentual patterns in Japanese (Vance, 1995; Yoneyama, 2002). Sensitivity to the
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HL pitch fall in their native language may aid their discrimination of a non-native
falling tone from a level tone in the mid-low register.

The current findings that Mandarin listeners outperformed Japanese and Dutch
listeners in perception of non-native pitch contrasts, not generally, but limited to the
mid-low register, seem to be in discrepancy with previous cross-linguistic studies
that have reported an overall advantage for tone language listeners (i.e., Mandarin)
over non-tone/non-canonical tone language listeners (Qin & Mok, 2013; Schaefer &
Darcy, 2014). For instance, Qin & Mok (2013) applied an AX discrimination task to
investigate cross-linguistic perception of Cantonese tonal pairs by tone (Mandarin)
and non-tone (English and French) language listeners. They examined the
perception of all the possible tonal pairs consisting of six Cantonese tones and
reported an overall perceptual advantage of Mandarin listeners over English and
French listeners. However, in their study, they seemed to neglect an observed
interaction between the language group and tonal pairs, which suggested the
perceptual differences across the groups depended on tonal contrasts. In Schaefer &
Darcy (2014), they conducted AXB identification task to examine perception of
Thai tones by listeners of Mandarin, Japanese, English and Seoul Korean listeners
which differ from high to low in the functionality of pitch. The listeners examined in
their study were similar to those in prosodic typology in the current study. Schaefer
& Darcy (2014) found a clear overall hierarchical order of Mandarin >> Japanese >>
English >> Seoul Korean listeners. However, the current study was not able to
observe an overall perceptual hierarchy. This could be due to the use of different
tasks. The current study used an AX discrimination task where listeners have to
judge whether the two items are the same or different, which encourages an acoustic
mode of processing (Logan & Pruitt, 1995; Strange & Shafer, 2008). Schaefer &
Darcy (2014) applied an AXB discrimination task which requires listeners to
determine whether item X belongs to A or B. Listeners have to retain more acoustic
information of the stimuli, which may, to some extent, tap into phonological
representations (Dupoux et al., 1997; Strange & Shafer, 2008). Compared with an
AX discrimination task, an AXB discrimination task may encourage listeners to
approach the task more phonologically than acoustically and thus lead to a more
robust perceptual hierarchy based on the high to low functionality of lexical pitch in
the native language.

Apart from the differences among groups, language-specific patterns were also
observed in perception of non-native pitch contrasts in monosyllables. Different
from the prediction that Dutch listeners will attend more to non-native pitch level
contrasts than pitch contour contrasts, it was found that Dutch listeners’ perceptual
weighting was influenced by where the contrasts were located in acoustic space.
They were less sensitive to the pitch contrasts in the mid-low register (T4-T5, T4-T6
and T5-T6), compared with their good discrimination of the other contrasts. As
mentioned before, T4, T5 and T6 share similar starting points and only differ
slightly at the ending point. Presumably due to a lack of contrastive tones in the
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native word prosody, when the non-native pitch contrasts share similarity in acoustic
space, the acoustic information may not be distinctive enough for them to rely on.

Note that although Dutch listeners were less accurate when discriminating non-
native pitch contrasts in mid-low register compared with their good performance in
high-low register, they were still able to discriminate T4-T5 and T4-T6 (accuracy
above chance level at 50%). The investigations that Dutch listeners, by and large,
were sensitive to non-native pitch contrasts are in line with previous studies (Leather,
1987, 1990; Liu et al.,, 2017; Chen et al., 2015). The ability to perceive pitch
differences in non-native tones can presumably be due to the influence of the rich
inventory of nuclear tones in Dutch intonation and/or the use of lexical stress at the
word prosody level. Dutch has 24 types of nuclear tones in intonation (Gussenhoven,
2004) and such diversity of pitch movements in intonation may benefit Dutch
listeners in perceiving non-native pitch patterns (Braun & Johnson, 2011). In
addition, Dutch uses lexical stress which is instantiated by acoustic correlates such
as pitch. The employment of lexical stress with pitch as one of the acoustic cues may
to some extent attune Dutch listeners’ tone perception acoustically. However, T5-T6
was the exceptional contrast that they seemed unable to discriminate, with their
perceptual performance much below chance level (less than 15% accuracy). The
perceptual asymmetry of T5-T6 could be due to psychoacoustic similarity to non-
tone language listeners. Qin & Mok (2013) used a Multidimensional Scaling (MDS)
task to investigate how tone language and non-tone language listeners rate the
dissimilarity of six Cantonese tones (T1, T2, T3, T4, T5 and T6). They found that
non-tone language (English and French) listeners rated T5 and T6 as closer at the
ending point than T4-T6 and T4-T5 in perceptual space while Mandarin listeners
rated the three tonal contrasts to be quite dissimilar.

Japanese listeners were predicted to be more sensitive to non-native pitch level
contrasts than contour contrasts. Different from the prediction, they performed
equally well in perceiving non-native pitch contrasts in monosyllables except for
one problematic contrast T5-T6 with the performance below chance level. Their
overall good discrimination of non-native pitch contrasts can be beneficial from the
use of lexical pitch accent in the native language, which was also observed in
previous studies such as in So & Best (2010) (Japanese listeners’ perceiving
Mandarin tones) and in Schaefer & Darcy (2014) (Japanese listeners’ perceiving
Thai tones). However, the difficulty of discriminating T5-T6 seems to suggest that
the restricted tonal system in the native language may not be sufficient for Japanese
listeners to rely on it to discriminate the two tones T5 and T6 when they are similar
in acoustic perceptual space. Another account of the overall good performance of
Japanese listeners could be due to facilitation from the various pitch patterns in
Japanese words. In Japanese one mora is usually around 100-150 ms in normal
speech (Hoequist, 1983). The monosyllables used in the study had duration of 400
ms, and thus Japanese listeners might have perceived the monosyllables as words
with 3-mora instead of one mora. 3-mora words in Japanese display diverse pitch
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patterns, i.e., rising, falling, level high and rising+falling contour (Kubozono, 2008),
which may help Japanese listeners to perceive non-native contour and level tones.
However, recall that the T5-T6 (low rising vs. low level tone) contrast was
problematic to Japanese listeners. If the diverse pitch patterns in 3-mora Japanese
words could have benefited Japanese listeners to be sensitive to pitch contour and
pitch level contrasts in non-native tone perception, they should have also shown
good performance in discriminating T5-T6. This seems to suggest that the
assumption that Japanese listeners may perceive the non-native tones carried by
monosyllables as native pitch patterns carried by three moras may not be convincing
enough.

Unlike Japanese and Dutch listeners, Mandarin listeners were more sensitive to
non-native pitch contour contrast and pitch level vs. pitch contour contrasts than to
pitch level contrasts (T1-T3 and T3-T6) in monosyllables, as predicted. The
differences of perceptual weighting they assigned to non-native pitch contrasts were
consistent with previous studies as well (Gandour 1983; Francis et al., 2008; Qin &
Mok, 2013). Mandarin uses contrastive contour tones lexically, which influences
them to be more sensitive to contour changes in non-native tone perception (Xu et
al., 2006; Francis et al., 2008). The comparative vulnerability in discriminating level
contrasts can be due to the fact that Mandarin uses one level tone (high level tone) at
word prosody and does not use contrastive level tones to differentiate lexical items.

2.4.2 Perception of non-native pitch contrasts in trisyllables

Experiment 2 investigated the perception of non-native contrasts that occurred
in word-initial, -medial and -final position. The observations in perception of non-
native pitch contrasts in trisyllables are in line with those in monosyllables. The
three language groups did not differ in discriminating non-native pitch contrasts
located in high-mid register, but differed in discriminating non-native pitch contrasts
located in mid-low register. More specifically, similar to the findings in perception
of non-native pitch contrasts in monosyllables, Mandarin listeners showed better
performance than Japanese and Dutch listeners in discriminating non-native low
tones (T4-T5 and T5-T6). Japanese listeners performed as well as Mandarin listeners
in discriminating T4-T6, while both outperformed Dutch listeners.

The findings were different from the predictions in 1(a) and 1(b). Firstly, 1(a),
based on the Functional Pitch Hypothesis (Schaefer & Darcy, 2014), predicted that
the high functionality of pitch in Mandarin would facilitate Mandarin listeners to
have an overall better performance than Japanese and Dutch (relatively low
functionality of pitch) listeners in non-native tone perception. However, it was found
that the perceptual advantage of Mandarin listeners over Japanese and Dutch
listeners was only observed when the non-native tones are not acoustically salient
(for detailed discussion, see 2.4.1). Secondly, prediction 1(b), based on the use of
lexical pitch and positional marking in the native language (Feature Hypothesis),
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predicted that Japanese listeners would outperform Mandarin and Dutch listeners
overall, which was rejected by the findings. Instead, the findings seem to support
that the relative linguistic experience with tones (i.e., the use of lexical pitch), rather
than the use of positional marking, in the native language was a dominant factor that
influenced perception of non-native pitch contrasts that occurred in different
positions.

Language-specific patterns in the perception of non-native pitch contrasts in
trisyllables were observed. The findings were, by and large, consistent with those in
perception of non-native pitch contrasts in monosyllables. Different from the
prediction that Dutch listeners would attend more to non-native pitch level contrasts
than to contour contrasts, Dutch listeners were influenced by where the contrasts
were located in acoustic space. They displayed better performance in discriminating
non-native pitch contrasts in high-mid than in mid-low acoustic space (T4-T5, T4-
T6 and T5-T6). Moreover, they seemed especially unable to discriminate T5-T6
with their performance below chance level (only around 14% accuracy). Japanese
listeners showed good performance in discriminating all the non-native pitch
contrasts except for T5-T6 which was below chance level. The different perceptual
patterns of the two language groups can be explained by the influence of the native
prosody and the acoustic features of the non-native tones (see 8.4.1 for detailed
discussion). For Japanese listeners, another account of their overall good
performance could be attributed to the benefit from the various pitch patterns in
Japanese words. In Japanese one mora is usually around 100-150 ms in natural
speech (Hoequist, 1983). The trisyllables used in the study had duration of 950 ms,
which might have been perceived as words with longer moras (e.g., six moras)
instead of three moras by Japanese listeners. Multi-mora words in Japanese manifest
various pitch patterns, i.e., rising, falling, level high and rising+falling contour
(Kubozono, 2008), which may in general help Japanese listeners to perceive non-
native contour and level tones. However, Japanese listeners had difficulty in
discriminating T5-T6 contrast in trisyllables (performance below chance level). If
the various pitch patterns in Japanese words with six or longer moras could have
faciliated Japanese listeners to be sensitive to pitch contour and pitch level contrasts
in non-native tone perception, they should have also had good performance in
discriminating T5-T6 in trisyllables. This seems to suggest that the assumption that
Japanese listeners may perceive the non-native tones carried by trisyllables as native
pitch patterns carried by six or longer moras may not be convincing enough.

Unlike Dutch and Japanese listeners, Mandarin listeners showed good
performance in discriminating all the non-native pitch contrasts, which was different
from the prediction that they would be more sensitive to non-native pitch contour
contrasts than to level contrasts. Recall that Mandarin listeners were more sensitive
to non-native pitch contour contrasts than pitch level contrasts in monosyllables.
However, interestingly, when the non-native pitch level contrasts occurred in
trisyllables, Mandarin listeners regained the sensitivity to both non-native pitch
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contour and level contrasts. Presumably due to a lack of contrastive level tones in
Mandarin, Mandarin listeners may need contextual level tones to build tonal
references when perceiving the non-native pitch level contrasts. The level tonal
references in trisyllables thus may have assisted them in performing just as well as
they did in discriminating non-native pitch contour contrasts.

Furthermore, position did not interact with the perception of non-native pitch
contrasts. None of the three groups showed preference for a specific position when
perceiving a specific non-native pitch contrast. Instead, all three groups showed
overall better performance when the non-native pitch contrasts occurred word-
finally than word-initially and/word-medially, which was in conflict with the
predictions that Mandarin and Japanese would show no positional preferences while
Dutch listeners would prefer word-medial to word-initial and word-final position.
The observed preference for word-final position over word-initial and/or medial
position in all three groups could be due to the recency effect — that listeners tend to
recall acoustic information in final position better than in initial position since
acoustic information is retained in memory longer in the offset than in the onset
(Demany & Semal, 2008). Among the performances in each position across the
three groups, it was found that Mandarin listeners showed better performance than
Japanese listeners and Dutch listeners word-initially and word-medially. Mandarin
listeners and Japanese listeners outperformed Dutch listeners in discriminating non-
native contrasts on word-final position, while the former two groups performed
equally well. The findings were mainly consistent with the prediction in 2a that
Mandarin listeners will overall outperformed Japanese and Dutch listeners in all the
three positions. The advantage that Mandarin listeners displayed over Dutch (in all
the three positions) and Japanese listeners (word-initially and word-medially)
suggests that the higher functionality of pitch facilitates perception of non-native
tonal contrasts when the contrasts occurred in different positions. It is worthy
remarking that when the contrasts occurred word-finally, Japanese listeners
performed as well as Mandarin listeners and they both outperformed Dutch listeners.
It is documented that listeners tend to recall acoustic information better on the offset
than the onset of a sound string due to the memory trace decay (Demany & Semal,
2008) and therefore the non-native pitch contrasts on the word-final position may
leave more acoustic information for listeners than those on the word-initial and —
medial position do. In the word-final position where more acoustic traces are
retained, Japanese listeners were able to discriminate the non-native pitch contrasts
as well as canonical tone language (Mandarin) listeners, and both showed advantage
over non-tone language (Dutch) listeners. This suggests that the lexical pitch used in
the native language may still augment the perception of non-native tonal contrasts
when less attention is required (i.e., contrasts on word-final position compared with
those on word-initial and word-medial position).
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2.4.3 Perception of non-native positional tones in trisyllables

All three groups achieved overall good perception, each group with an overall
accuracy over 90% in perceiving non-native tones in contrastive positions. However,
a hierarchical perceptual order was still observed: Mandarin listeners >> Japanese
listeners >> Dutch listeners, which supported the prediction in 4c but not 4a and 4b.
To begin with, based on the use of both lexical pitch and positional marking in the
native language, 4a predicted that Japanese listeners would have an overall
advantage over Dutch and Mandarin listeners, which was rejected by the finding.
Based on the use of positional marking for lexical contrast in the native language, 4b
predicted that both Japanese and Dutch listeners would outperform Mandarin
listeners, which contradicted the current finding as well. Based on the use of lexical
pitch and its relative degree of the use in the native language, 4c predicted that
Mandarin listeners would outperform Japanese and Dutch listeners overall, which
was upheld by the finding. On the one hand, although Mandarin does not use
positional cue lexically, it has higher functionality of pitch than Japanese and Dutch
do, according to the Functional Pitch Hypothesis (Schaefer & Darcy, 2014) derived
from the Feature Hypothesis (McAllister et al., 2002). The higher functionality of
pitch successfully predicted a perceptual advantage over Japanese and Dutch
listeners. On the other hand, Japanese and Dutch share commonality in the use of
positional cues for lexical contrasts, differing, however, in the degree of pitch
functionality. Japanese has higher functionality than Dutch, which could lead to the
better performance of Japanese listeners compared to Dutch listeners.

The observations in Experiment 3 seem to suggest that the use of lexical pitch
and/or to what degree lexical pitch is used in the native language, rather than the
positional marking, is a prominent factor that matters in perception of non-native
positional tones. One potentially confounding factor in the study is that all the
listeners who participated in the study are college students who have been exposed
to English, a language that has word stress. The exposure to a stress language
(English) might be helpful for Mandarin listeners who do not have positional
marking in the native language in perceiving a non-native positional contrast.
However, L2 studies on perception of contrastive stress position by Mandarin
listeners have shown that Mandarin L2 learners primarily relied on pitch to perceive
English stress, which may relieve this concern to some extent. For instance, Wang
(2005) manipulated duration, intensity and pitch, with vowel quality kept constant,
in minimal pairs of disyllabic nonwords in English. She found that pitch was the
decisive cue for Mandarin listeners to correctly judge whether the stress was placed
on the first or second syllable, which implied that Mandarin L2 learners of English
transfer their reliance on pitch to perceive stress position (Wang, 2005). Also, L2
studies on perception of lexical pitch accent positions show that Mandarin learners
of Japanese are able to detect the position of Japanese pitch accent (Ayusawa et al.,
1998). These findings in L2 studies that investigate Mandarin learners perceive a
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positional marking cue (i.e., stress and pitch accent) may shed some light on a
transfer of sensitivity to pitch to perceive non-native positional tones.

In addition to the overall differences among groups, based on analyses of
exploratory purposes, a specific tone seemed to be problematic that brought
perceptual difficulty to Japanese and Dutch listeners, which is T5 when the
contextual tone was low level tone T6. Japanese listeners and Dutch listeners might
have trouble in perceiving T5 in contrastive positions when the contextual tone was
T6. This can be due to the fact that T5 and T6 share similar onset and are crowded
into a small acoustic space. In perceiving non-native pitch contrasts in
monosyllables and trisyllables, T5-T6 was least accurate in Japanese listeners and
Dutch listeners. This problem in discriminating this T5-T6 contrast influenced the
perception of T5 when the contextual tone was T6, which suggests the difficulty
originates from confusion between the tones rather than position alone. Note that
considering the insignificant interaction among contextual tone, tone and language
group, the current results regarding the problematic T5-T6 observed in Dutch and
Japanese listeners should be taken with caution.

2.5 Conclusion

The present study served to investigate to what extent native language influences
acoustic perception of non-native WPCs, pitch contrasts, and position, for Mandarin,
Japanese and Dutch listeners in three AX discrimination tasks. It addressed
perception of non-native Cantonese pitch contrasts in monosyllables and in
trisyllables, and perception of non-native tones in contrastive positions. It observed
that the three groups performed equally well in perceiving non-native pitch contrasts
that were acoustically salient, while differing in their perception of non-salient, non-
native pitch contrasts (contrasts, to some extent, that share similarity in acoustic
space). Mandarin listeners showed an advantage over Japanese and Dutch listeners
in discriminating non-salient, non-native pitch contrasts both in monosyllables and
in trisyllables. The findings suggest that both the acoustic salience and the use of
lexical pitch, and/or to what degree the lexical pitch is used in the native language,
can influence the perception of non-native pitch contrasts. More specifically, higher
functionality of pitch in the native language can be an aid in non-native tone
perception when the non-native pitch contrasts are not acoustically salient.

In the perception of non-native positional contrasts, a perceptual gradient order
was observed: Mandarin listeners (who do not use positional cue but use pitch to a
high degree (Schaefer & Darcy, 2014)) >> Japanese listeners (who use the position
of pitch accent and use pitch to an intermediate degree) >> Dutch listeners (who use
position of word stress and use pitch to a low degree). The findings seem to indicate
that the use of lexical pitch, and/or to what degree lexical pitch is used in the native
language, rather than positional marking, is a robust factor that matters in perception
of non-native positional tones. Moreover, perceiving T5 contrastive in positions
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when the contextual tone was T6 seemed to be problematic to Dutch and Japanese
listeners but not to Mandarin listeners, based on analysis of exploratory purposes.

Language-specific patterns were also observed in perception of non-native
contrasts in the present study. Dutch listeners were influenced by whether the non-
native pitch contrasts were acoustically salient (T4-T5, T4-T6 and T5-T6) or not,
both in monosyllables and trisyllables. Japanese listeners did not show perceptual
preference except that they were relatively vulnerable in one specific non-salient
non-native contrast (T5-T6). Mandarin listeners were more attentive to non-native
pitch contour contrasts than pitch level contrasts in monosyllables, which was in line
with earlier studies (Gandour, 1983; Francis et al., 2008; Qin & Mok, 2013).
However, an interesting finding in the current study was that, when discriminating
non-native pitch contrasts in different positions, Mandarin listeners attended equally
well to both non-native pitch contour and pitch level contrasts in trisyllables, unlike
their perceptual weighting in perception of non-native pitch contrasts in
monosyllables. This suggests that Mandarin listeners may need context tones to
establish a tonal reference to discriminate non-native level contrasts.

To summarize, the current chapter investigated the perception of non-native
WPCs at the acoustic level. It observed perceptual differences across language
groups and language-specific patterns as well. It revealed that native prosody,
especially the use of lexical pitch, together with the acoustic salience of tones
influenced perception of non-native WPCs. Notably, even though Dutch and
Japanese listeners showed worse performance than Mandarin listeners in
discriminating non-salient non-native pitch contrasts, they were still able to
discriminate them (above chance level) (except for one specific tonal pair T5-T6),
which entails that they may be able to rely on acoustic information. The following
chapter, Chapter 3, will serve to investigate the perception of non-native WPCs at
the phonological level when acoustic strategies are inaccessible (Dupoux et al., 2001,
2008).Chapter 4 will examine the processing of non-native WPCs at the lexical level
when the non-native WPCs are mapped with meaning in word learning.
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Chapter 3
Processing of non-native WPCs at the phonological level

3.1 Introduction

The previous chapter investigated cross-linguistic perception of non-native WPCs at
the acoustic level and found that Mandarin, Japanese, and Dutch listeners were all
able to discriminate non-native pitch contrasts in different positions, achieving
ceiling performance when discriminating non-native positional tones (non-native
tones that occurred at contrastive positions). Chapter 3 focuses on cross-linguistic
perception of non-native WPCs, more specifically non-native pitch contrasts in
different positions, at the phonological level.

Recall that the “phonological level” refers to a relatively abstract processing
level at which phonological representation is highlighted. This level can be
investigated via a short-term memory task, the sequence recall task (Dupoux et al.,
2001, 2008). In a sequence recall task, listeners are required to learn two items (a
minimal pair contrastive in one phonological dimension) and recall sequences of
items they have heard, which taps into a high memory load. The items are produced
by different speakers so as to prevent listeners from relying on a specific voice.
Hence, the sequence recall task aims to eliminate listeners’ reliance on fine-grained
acoustic details and taps into phonological representation. Applying the sequence
recall task, Dupoux et al. (2001) found that naive French listeners who do not use
lexical stress or any other WPCs (Rossi, 1980; Di Cristo, 1988; Vaissiée, 1991)
showed “stress deafness” since they were unable to perceive Spanish contrastive
stress, while they had no perceptual problem in an AX stress discrimination task
(Dupoux et al., 1997). The anecdotal notion of “stress deafness” in Dupoux et al.
(2001, 2008) suggests that the capability of perceiving a word’s prosodic cue
acoustically does not guarantee success processing the word’s prosodic cue at an
abstract phonological level. This motivates us to ask: will listeners who managed to
acoustically discriminate non-native WPCs (pitch contrasts in different positions)
maintain this capability at the phonological level? How will native language come
into play in the processing of non-native WPCs at the phonological level?

Previous studies have shown that listeners across various native languages
show acoustic sensitivity to non-native pitch contrasts on monosyllables (the
previous chapter; Lee et al., 1996; Wayland & Guion, 2004; Halléet al., 2004,
Francis et al., 2008; So & Best, 2010; Schaefer &Darcy, 2014; Burnham et al., 2015;
Liu et al., 2017 among others). More specifically, pitch differences at the acoustic
level may be generally available to listeners in non-native tone perception, not only
for tone language listeners, but also for non-tone language listeners. For instance,
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Mandarin listeners who use lexical tones were found adept at discriminating and/or
identifying non-native tones (the previous chapter; Lee et al., 1996; Wayland &
Guion, 2004; Schaefer &Darcy, 2014; Burnham et al., 2015, among others). French
listeners who do not use any WPC were able to discriminate tonal differences in
Mandarin (Hall€et al., 2004). Dutch listeners who do not use lexical tones but do
use lexical stress were reported to perform well when discriminating and identifying
tonal differences in Mandarin (Liu et al., 2017). Chapter 2 further reported that tone
language (Mandarin and Japanese) and non-tone language (Dutch) listeners were
overall able to discriminate non-native pitch contrasts in different positions.
However, a capability of perceiving non-native pitch contrasts in different positions
acoustically does not necessarily entail successful encoding at the phonological level.
It remains unclear whether acoustic sensitivity to non-native pitch contrasts in
different positions can be retained in a task with high memory load (in particular in
the sequence recall task, which taps into phonological representation). This is an
empirical gap the current study aims to fill.

Compared to the bulk of studies on cross-linguistic perception of non-native
pitch contrasts at the acoustic level (Lee et al, 1996; Burnham et al., 1996; Gottfried
& Suiter 1997; Wang et al., 1999; Wayland & Guion, 2004; Wu & Lin, 2008; So &
Best, 2010, 2014; Schaefer & Darcy, 2014; Burnham et al., 2015; Reid et al., 2015,
among others), scarce attention has been paid to the processing of non-native pitch
contrasts at the phonological level. No cross-linguistic studies seem to have
investigated the processing of non-native pitch contrasts at the phonological level on
a par with Dupoux et al. (2001) on the perception of Spanish stress by naive French
listeners. One recent study on the perception of non-native pitch contrasts at the
phonological level focused on L2 acquisition. Zou (2017) applied the sequence
recall task to examine whether Dutch L2 learners of Mandarin could acquire and
encode Mandarin tones phonologically. However, an investigation into how and to
what extent naive listeners are influenced by the native language in the perception of
non-native pitch contrasts at the phonological level is still lacking.

Furthermore, the current study also investigates the influence of positional
marking as another WPC on non-native tone perception at the phonological level.
Only very few studies have focused on the perception of non-native position
marking at the phonological level by naive listeners (Dupoux et al., 2001;
Peperkamp & Dupoux, 2002; Hu, 2015). For instance, Hu (2015) conducted a
sequence recall task (Dupoux et al., 2001) to examine the perception of positional
contrasts of Japanese pitch accent by Japanese natives and naive Dutch listeners.
She found that Dutch listeners were overall able to perceive accentual patterns
contrastive in pitch accent position in disyllabic nonwords in the sequence recall
task, suggesting a positive transfer from the native lexical positional marking in
processing non-native positional cues phonologically. This leads us to ask, will
positional sensitivity benefit naive listeners with lexical use of positional marking in
their native languages (i.e., Japanese and Dutch listeners) in the perception of non-
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native pitch contrasts in different positions at the phonological level? Will listeners
without the use of positional cues in their native language (i.e., Mandarin listeners)
encounter difficulty perceiving non-native pitch contrasts in different positions at the
phonological level?

Prior studies investigating whether listeners whose native language does not
use positional marking can encode positional contrasts (i.e., lexical stress or pitch
accent) at the phonological level are mainly centered on L2 acquisition (Lin et al.,
2014; Utsugi et al., 2010; Qin et al., 2017). For instance, Lin et al. (2014)
investigated whether Mandarin and Seoul Korean advanced L2 learners of English
were able to phonologically perceive minimal pairs of English disyllabic nonwords
contrastive in stress position (no vowel quality differences) using a sequence recall
task adapted from Dupoux et al. (2001, 2008). They found that Mandarin advanced
L2 listeners outperformed Seoul Korean advanced L2 learners and the former even
showed as good performance as English native listeners in processing stress in
minimal pairs phonologically. They suggested that the success of Mandarin
advanced L2 listeners might be due to a positive transfer from the native language in
which they use suprasegmental information for lexical contrasts to perceive another
non-native suprasegmental cue.™ Qin et al. (2017) investigated the perceptual cues
Mandarin and Taiwanese Mandarin advanced L2 learners of English rely on to
perceive English stress (without vowel deduction) phonologically, compared to
English natives. They applied a sequence recall task (Dupoux et al., 2008) and
reported that Mandarin advanced L2 learners attended to pitch more than English
natives did when perceiving contrastive stress phonologically, indicating an
influence of pitch sensitivity from native word prosody. These L2 studies, despite
their limited number, suggest the pivotal role lexical pitch plays for Mandarin L2
learners of English to perceive positional contrasts at the phonological level. More
specifically, Mandarin L2 learners rely on pitch to process positional cues (e.g.,
English stress) phonologically. It is unknown whether naive listeners whose native
language makes use of lexical pitch but not positional marking, i.e., Mandarin
listeners, benefit from pitch sensitivity when perceiving non-native pitch contrasts
occurring in different positions, or whether they will be hindered by position.

In all, the present study considers non-native pitch contrasts occurring in
different positions, focusing at the phonological level from a cross-linguistic
perspective. It attempts to disentangle the role native language plays in the
phonological processing of non-native WPCs by addressing the following questions:

% Lin et al., (2014) also argues that the better performance of Mandarin listeners could be
attributable to neutral tones that have stress properties in Mandarin (Wang, 1997; Lu & Wang,
2005; Duanmu, 2007; Cao, 1992; Bao & Lin, 2014). However, the number of syllables
carrying neutral tones in Mandarin is very few, so neutral tones are not discussed further in
this chapter. See 8L.2.2.1 for more details regarding the properties of Mandarin neutral tones.
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(1) How will Mandarin, Japanese, ** and Dutch listeners differ in their

perception of non-native WPCs (non-native pitch contrasts occurring in different
positions) at the phonological level? More specifically, to what extent will a
listener’s native WPCs benefit the perception of non-native pitch contrasts that
occur in different positions at the phonological level?

(2) What specific perceptual patterns will the three groups of listeners display
with respect to non-native pitch contrasts in different positions at the phonological
level? More specifically, how differently will they perform when perceiving non-
native pitch contrasts in different positions phonologically? Will listeners who share
commonality in their native use of WPCs share similar perceptual patterns at the
phonological level?

(3) To what extent will position influence each language group in their
encoding of non-native pitch contrasts in different positions at the phonological
level? Will listeners show preference for specific positions in their phonological
processing of non-native pitch contrasts?

The predictions are made based on the same hypotheses used in Chapter 2 to
investigate the perception of non-native WPCs at the acoustic level. The Functional
Pitch Hypothesis (Schaefer & Darcy, 2014), the Feature Hypothesis (McAllister et
al., 2002), and the approach based on perceptual weighting to pitch features in long-
term memory (Francis et al., 2008; Lee et al., 1996; Xu et al., 2006) do not refer to a
specific processing level or strictly tease apart differences among acoustic
perception, perception at the more abstract level (the phonological level), or
processing at the lexical level (in word learning). These hypotheses are proposed to
account for non-native speech perception and provide “a baseline for L2 tone
acquisition” (e.g., Schaefer & Darcy, 2014: 514), which entails that their predictions
may carry over to processing involving phonological information or lexical
information. Thus, corresponding to the research questions, the predictions for the
perception of non-native pitch contrasts occurring in different positions (trisyllables)
at the phonological level are by and large identical to those at the acoustic level (in
Chapter 2) as follows:

(1a) If both lexical pitch and positional marking can influence the perception of
non-native pitch contrasts occurring in different positions, based on the Feature
Hypothesis (McAllister et al., 2002) it is predicted that Japanese listeners (who use
of position of pitch accent lexically) will outperform Dutch listeners (who use of
position of lexical stress) and Mandarin listeners (who use of lexical tones) in
perceiving non-native pitch contrasts at the phonological level (grouping positions).

(1b) Alternatively, if lexical pitch is more dominant in influencing the
perception of non-native pitch contrasts occurring in different positions, according
to the Functional Pitch Hypothesis (Schaefer & Darcy, 2014), it is predicted that a

18 «Japanese” in this dissertation refers to Tokyo Japanese.
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hierarchical performance order will be observed: Mandarin >> Japanese >>/= Dutch
listeners.

(2) By grouping the positions where the non-native pitch contrasts occur, it is
predicted that each language group will show different perceptual patterns with
regard to non-native pitch level and contour contrasts. This is based on the proposal
that suggests the long-term stored pitch representations (tones and/or intonation) in
the native language determine the relative weight listeners given to specific
perceptual features of tones in cross-linguistic tone perception (Francis et al., 2008;
Lee et al., 1996; Xu et al., 2006). Mandarin listeners will be more sensitive to non-
native pitch contour contrast than to pitch level contrast at the phonological level,
since Mandarin has contrastive contour tones but not contrastive level tones at the
word prosody.

Dutch does not have lexical tones but enjoys a rich inventory of nuclear tones
that consist of H and L tones in the intonation system (Gussenhoven, 2005). Dutch
listeners may have stored representations of nuclear tones consisting of H and L
tones in long-term memory and thus they are expected to be more sensitive to non-
native pitch level contrasts than pitch contour contrasts at the phonological level.

Japanese words have accentual patterns (determined by the presence/absence
and location of lexical pitch accent) that consist of H and L tones. Japanese listeners
may have stored in long-term memory representations of H and L tones in the
accentual patterns. Therefore, they are predicted to be more attentive to non-native
pitch level contrasts than to non-native pitch contour contrasts at the phonological
level.

(3) Positional cues are employed in word prosody to distinguish word meanings
in languages such as Dutch and Japanese. | assume that the feature of position
(representation of positional feature) in the native word prosody also plays a role to
some extent in the perception of non-native pitch contrasts, not only at the lower
linguistic processing level (the acoustic level) but also at the phonological level (as
well as the lexical level, to be discussed in Chapter 4). Hence, predictions are made
in terms of the influence of position in the native phonology, similar to the
predictions for acoustic discrimination. Due to a lack of positional marking in the
native language, Mandarin listeners may only use tonal sensitivity to perceive non-
native pitch contrasts in different positions instead of relying on a specific position.
Thus, it is expected that Mandarin listeners will not show preference for any position.

Dutch uses word stress for lexical contrast. Word stress (primary stress) in
Dutch is contained within a three-syllable window generally placed at the right-hand
word edge (Kager, 1989; Trommelen & Zonneveld, 1986, 1999).'" However, it
should be noted that the dominant position for word stress is the prefinal, not the

7 The stress assignment in Dutch mentioned here is a generalized pattern. The placement of
stress in Dutch is more complex, based on phonological properties of words such as syllable
structure and syllable weight (see Trommelen & Zonneveld, 1986, 1999; Kager, 1989 for
details).



72 Processing of non-native WPCs at the phonological level

final position (Kager, 1989). Hence, Dutch listeners are predicted to prefer word-
medial position to word-initial and/or word-final position when perceiving non-
native pitch contrasts in different positions at the phonological level.

Japanese uses the presence/absence and the location of pitch accent at the word
level. n-mora words theoretically have n+1 possible accentual patterns (McCawley,
1968; Akinaga, 1985; Haraguchi, 1999; Uwano, 1999). Studies on statistical
analyses of the proportion of Japanese accentual patterns have shown that all
accentual patterns exist in 3- to 4-mora words (Sato, 1993; Suzuki, 1995; Kitahara,
2001). Due to the influence of native accentuation, Japanese listeners are predicted
to show no preference for any position in perceiving non-native pitch contrasts since
unaccented form is dominant in 3- to 4-mora words in Japanese.

3.2 Method

To answer the research questions above, a sequence recall task (Dupoux et al., 2001)
will be used. As previously discussed, the sequence recall task provides a robust
paradigm for investigating the processing of novel suprasegmental contrasts at the
more abstract, phonological level. In the sequence recall task, listeners are required
to learn a minimal pair of nonwords A and B (produced by different speakers) that
are phonemically contrastive (here, non-native pitch contrasts occurring in different
positions) and segmentally contrastive (as baseline), and listen to the two words in
various sequences (such as A-B or B-A in a two-word sequence, A-B-B in a three-
word sequence). Participants must then recall the sequences they have heard. The
difficulty of processing non-native WPCs at the phonological level will be
manifested by a comparison between performance perceiving segmental contrasts
and that perceiving non-native pitch contrasts occurring in different positions.

3.2.1 Subject

Participants in the current study were the same as in Chapter 2. Two Mandarin
participants and two Japanese participants from the study discussed in Chapter 2
withdrew from the present study. Thus, thirty native speakers of Dutch (eight male
and twenty-four female), thirty native speakers of Mandarin Chinese (thirteen male
and seventeen female), and thirty native speakers of Tokyo Japanese participated in
the current study. The average age of the Dutch, Mandarin, and Japanese listeners
was 22 years old (SD = 4.1), 25 years old (SD = 3.8), and 25 years old (SD = 5.2),
respectively. All of the Mandarin participants speak native northern Chinese dialects,
with no prior experience with Cantonese or any other additional tone languages
(including southern Chinese dialects). None of the Dutch or Japanese participants
had been systematically exposed to any other tonal languages or other tonal dialects.
None of the participants had undergone systematic musical training or reported
hearing impairment. Dutch and Mandarin participants participated in the present
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study nearly eight months after the acoustic experiment in Chapter 2. Japanese
participants participated in the study nearly one month and a half after the previous
acoustic experiment.

3.2.2 Materials and design

In Chapter 2 we used 10 Cantonese tonal contrasts T1-T3, T1-T4, T1-T5, T1-T6,
T3-T4, T3-T5, T3-T6, T4-T5, T4-T6, and T5-T6 (see Figure 3.1 for Cantonese tones)
to investigate acoustic perception of non-native tonal contrasts in isolation (in
monosyllables) and in different positions (in trisyllables).
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Figure 3.1. Cantonese tones (Qin & Mok, 2013)

Chapter 2 reported that all the tonal contrasts paired with T1, contrast T3-T4,
and contrast T3-T5 were all “optimally” perceived at the acoustic level, with an
overall accuracy reaching ceiling effect. The overall performance when acoustically
perceiving contrasts T4-T5, T4-T6, and T3-T6 was “suboptimal” with around 80%
accuracy. Contrast T5-T6 was overall not favoured in that overall performance was
slightly above chance level (50%) and particularly difficult for Dutch and Japanese
listeners, both displaying performances around 15% accuracy. Since the sequence-
recall task is more demanding than an acoustic AX discrimination task, the “non-
optimal” contrast T5-T6 was not included further in the stimuli. In order to select the
most suitable contrasts for the sequence recall task, a pilot study using the “optimal”
contrasts (contrasts with T1, T3-T4, and T3-T5) and “suboptimal” contrasts (T4-T5,
T4-T6, and T3-T6) was conducted. Five Mandarin listeners, five Dutch listeners and
two Japanese listeners from Utrecht University participated in the pilot study, the
procedure of which was the same as that discussed in 8.2.3 in the current study.



74 Processing of non-native WPCs at the phonological level

The vowel set of the non-words in the pilot consisted of /a/, /i/, and /ul. The
consonant set contained three pairs of stops, labial /b/-/p/, velar /g/*®-/k/, and
alveolar /d/-t/ (Ipl-Ip"!, IkI-IK"!, 1-1t"7). Monosyllables of /ba/, /ta/, /gal, /kal, Idal,
Ipal, [gul, Ikul/, Ibul/, /bil, and /pi/ were selected since these monosyllables are
phonetically and phonotactically legitimate in all three languages. The selected
syllables each carrying T1, T3, T4, T5, and T6 were produced six times each by
three female and three male native speakers of Cantonese. For each speaker, three
items of the best quality for each tonal syllable were selected and manipulated to
300 ms. All the tokens were created in a similar fashion as those in Chapter 2,
normalized with the same duration (300 ms) and intensity (70dB). The
monosyllables were concatenated to the trisyllabic non-words, with 25 ms of silence
between syllables in accordance with Chapter 2, making each trisyllabic non-word
950ms. None of the trisyllabic-nonwords exist in any of the three languages. T3 was
used as a companion tone, since T1 as the companion tone was more acoustically
salient than the other tones as shown in Chapter 2 and in previous studies (Qin &
Mok, 2013; Wong, 2019), while T6 as the companion caused confusion when the
target tone was T5, as reported in Chapter 2. To eliminate the possible influence of
position where the contrasts occur, the tonal and segmental contrasts were fixed at
the initial position in the pilot study. The tokens in the pilot were a subset of those
used in the current study. Two-, three- and four-word sequence lengths were used in
the pilot.

Table 3.1. Stimuli in the pilot study.

Contrast Token Tonal pattern
segmental tapibu-gapibu T3T3T3-T3T3T3
T1-T3 budapi T1T3T3-T3T3T3
optimally perceived at T1-T4 gutapi T1T3T3-T4T3T3
the acoustic level T1-T5 gapibu T1T3T3-T5T3T3
T1-T6 tapibu T1T3T3-T6T3T3
T3-T4 pibuga T3T3T3-T4T3T3
T3-T5 kupiga T3T3T3-T3T3T3
sub-optimally T3-T6 tabupi T3T3T3-T5T3T3
perceived at the T4-T5 bigupa T4T3T3-T5T3T3
acoustic level T4-T6 pibaku T4T3T3-T6T3T3

The overall performance of participants perceiving contrasts with T1, T3-T4,
and T3-T5 reached ceiling effect in the sequence-recall task in the pilot study, with
all three groups showing comparable good performance around 90% accuracy. The

18 Although Dutch has no phonemic contrast /g/ versus /k/, it does have loan words borrowing
from English, French and German that contain the sound /g/.
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overall performance perceiving contrasts T3-T6, T4-T5, and T4-T6 was around 70%
to 80%, and the performance of the three language groups varied from 40% to 90%
accuracy (see Appendix C for detailed data in the pilot study). The results in the
pilot study suggest that contrasts with T1, T3-T4, and T3-T5 were not only
optimally perceived at the acoustic level to the listeners but also seemed comparably
easy in the more demanding task, the sequence-recall task. Comparatively, contrasts
T3-T6 (pitch level contrast), T4-T5 (pitch contour contrast), and T4-T6 (pitch
contour vs. pitch level contrast) were more robust for teasing apart the groups with
respect to their perception of non-native pitch contrasts at the phonological level.
Therefore, these three contrasts were selected for use in the present study.

Table 3.2 shows the stimuli used in the current study. All of the non-native
pitch contrasts occurred in word-initial, word-medial, and word-final positions,
respectively. Segmental contrasts were used as a baseline.

Table 3.2. Stimuli in the sequence-recall task in the current study.

Contrast Pair Token (carrying tonal pattern) Position
Segmental 1 tapibu-gapibu initial
(T3T3T3-T3T3T3)
2 gutapi-gukapi middle
(T3T3T3-T3T3T3)
3 pibuda-pibuga final
(T3T3T3-T3T3T3)
T4vs. T5 4 budapi (T4T3T3-T5T3T3) initial
5 pabigu (T3T4T3-T3T5T3) middle
6 kupiga (T3T3T4-T3T3T5) final
T4vs. T6 7 tabupi (T4T3T3-T6T3T3) initial
8 gubapi (T3T4T3-T3T6T3) middle
9 bidagu (T3T3T4-T3T3T6) final
T3vs. T6 10 pibaku (T3T3T3-T6T3T3) initial
11 kapubi (T3T6T3-T3T3T3) middle
12 bigupa (T3T3T3-T3T3T6) final

The experiment was adapted from the sequence-recall task from Dupoux et al.
(2001). Two-word, three-word, and four-word sequences were used. There are four
possible combinations of two-word sequences, namely AB, BB, AA, and BA. Eight
three-word combinations of sequences are possible, AAA, BBB, ABA, ABB, ABA,
BAB, BBA, BAA, while there were 16 possible combinations of four-word
sequences, among which eight sequences with two and three transitions from A to B
or B to A were selected. These were AABA, ABAA, ABBA, BAAB, BABB, BBAB,
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ABAB, BABA, as in Dupoux et al. (2001). The inter-stimulus-interval was set to 80
ms, as in Dupoux et al. (2001). In each sequence, the non-words were produced by
different speakers. The order of the voices was counterbalanced over the sequences.
There were eight trials of each sequence length, as follows:

Two-word length: AA, BB, AB, BA, AA, BB, AB, BA
Three-word length: AAA, AAB, ABA, ABB, BBB, BBA, BAB, BBB

Four-word length: AABA, ABAA, ABBA, BAAB, BABB, BBAB, ABAB,
BABA

The overall design of the experiment is: pair (12) x trials (24), yielding 288
trials in total.

3.2.3 Procedure

The experiment contained 12 pairs of non-words in total, each pair taking
approximately 10 minutes. Each participant was required to come to the lab twice,
with a three-to-seven-day interval separating the visits. The Dutch and Chinese
participants completed the experiments in the phonetics lab at UiL-OTS; Japanese
participants participated in a sound-attenuated room in the Education and Research
Centre at International Christian University in Tokyo. All of the participants were
instructed that they were going to learn six pairs of new words in a foreign language
each time. The learning order of the 12 pairs was counterbalanced across
participants. However, all of the participants learned one of the three segmental
contrasts first so that they could get an idea of the experiment.

For each pair, there were 5 phases. The participants were instructed that they
were going to learn new words A and B that differed only in “melody” or in one
segment. Note that the same instructions were presented to the participants both in
English and their native language (See Appendix F for details). The two words were
associated with buttons A and B, respectively. In Phase 1, participants first listened
to 12 tokens of word A followed by 12 tokens of word B. After learning words A
and B, they proceeded to Phase 2 where they could press button A or B to listen to
the words repeatedly as many times as they wished to make sure they had
memorized the two words. In Phase 3, they did a practice trial in which they heard a
word and judged whether the word was word A or B by pressing the corresponding
button. There were 20 trials in the practice, in which they were required to reach a
criterion of 75% accuracy. If they failed in the practice, they would go back to Phase
2 to learn words A and B again until they could reach the passing criterion for Phase
3. They then proceeded to Phase 4 where they listened to words A and B in two-
word and three-word sequences. They were required to recall the sequences by
pressing the corresponding buttons. For instance, if they heard A-B, they should
press button A firstly and B secondly in an A-B order. There were four trials in
Phase 4: two trials of two-word sequences and two trials of three-word sequences.
After finishing Phase 4, they could redo Phase 4 for more practice if they wished or
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proceed directly to Phase 5, the test phase. Phase 5 contained 3 blocks. Blocks 1, 2,
and 3 were words A and B in two-word, three-word, and four-word sequences,
respectively. A feedback message “OK” would appear on the screen, simultaneously
presented with a sound message “okay” once they responded to each trial. The
“okay” was recorded by a female native speaker of English to eliminate the possible
use of echoic memory by the participants (Morton et al., 1981; Morton et al., 1991;
Dupoux et al., 2001). Each block had 8 trials, yielding 24 trials in total in each pair.

3.3 Results & Discussion
3.3.1 Practice

Table 3.3 shows the number of practice times in Phase 3 that were needed to reach
the criterion in order to proceed to the test phase by each language group. All three
groups needed only one or two times for practice when learning segmental contrasts
(Pair 1, 2, and 3). When learning non-native pitch contrasts (Pair 4 to Pair 12),
Mandarin listeners needed one to three times to pass the practice phase. Japanese
listeners needed one to four times. The number of practice times needed to reach the
criterion by Dutch listeners varied from one time to six times.

Table 3.3. Number of practice times needed to proceed to the test phase in each
language group.

Number of participants in  Number of practice times needed to proceed to the
each language group test phase

one two three  four five Six

Pair 1 Dutch 24 6
tapibu-gapibu Japanese 24 6
Mandarin 24 5 1
Pair 2 Dutch 20 10
gutapi-gukapi Japanese 20 10
Mandarin 21 9
Pair 3 Dutch 22 8
pibuda-pibuga Japanese 23 7
Mandarin 23 7
Pair 4 Dutch 6 8 9 5 1 1
budapi Japanese 14 11
(T4T3T3- Mandarin 21 9
T5T3T3)
Pair 5 Dutch 6 6 9 7 1 1

pabigu Japanese 12 14
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(T3T4T3- Mandarin 22 8

T3T5T3)

Pair 6 Dutch 5 7 11 7

kupiga Japanese 13 14 3

(T3T3T4- Mandarin 24 6

T3T3T5)

Pair 7 Dutch 6 5 8 9 1 1
tabupi Japanese 9 19

(T4T3T3- Mandarin 15 14 1

T6T3T3)

Pair 8 Dutch 7 6 8 8 1
gubapi Japanese 13 13

(T3T4AT3- Mandarin 14 16

T3T6T3)

Pair 9 Dutch 7 10 8 4 1
bidagu Japanese 12 15 3

(T3T3T4- Mandarin 18 12

T3T3T6)

Pair 10 Dutch 6 6 11 6 1
pibaku Japanese 12 13

(T3T3T3- Mandarin 14 15 1

T6T3T3)

Pair 11 Dutch 7 8 11 4

kapubi Japanese 12 14

(T3T6T3- Mandarin 16 13 1

T3T3T3)

Pair 12 Dutch 8 9 11

bigupa Japanese 11 14 4 1
(T3T3T3- Mandarin 13 16 1

T3T3T6)

Figure 3.2 further reports the differences in practice times that were necessary
for each language group to proceed to the test phase, based on a cross-classified
multilevel model with language and pair as fixed factors and subject as random
effect in SPSS 25. The F-tests showed that Language (F (2, 990) = 17.370, p < 0.001)
and Pair (F (11, 990) = 39.557, p < 0.001) were significant, as shown in Table 3.4.
An interaction between Language and Pair (F (22, 990) = 13.045, p < 0.001) was
found significant, suggesting that the times needed by the three language groups
differed significantly depending on specific pairs. Post-hoc analysis with
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Bonferroni-corrected showed that the three groups did not differ significantly in the
practice times they needed to meet the criterion to learn segmental contrasts (Pair 1,
2 and 3) (p > 0.05). However, when learning non-native pitch contrasts (Pair 4 to 10),
Dutch listeners needed significantly more practice than Mandarin and Japanese
listeners (p < 0.05), while the latter two groups did not differ significantly (p > 0.05)
(for detailed data please see Appendix B).

Table 3.4. Parameters for fixed factors and random effects in practice phase.

Fixed effects F df p
Language group 17.370 2 <0.001
Pair 39.557 11 <0.001
Language group * Pair 13.045 22 <0.001
Random effects Est. Std. Error z p
1 | Participant 0.207 0.009 22.248 <0.001
Residual 0.922 0.515 6.327 <0.001
3_
& i language
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Figure 3.2. Practice times of each language group needed to proceed to the test
phase. Error bar®®: 95% CI.

3.3.2 Overall performance among language groups
3.3.2.1 Results

A response is correct if the entire sequence is recalled correctly. Correct responses
were marked as “1” while incorrect responses were marked as “0”. Any missing
response was regarded as an incorrect response. To analyze whether the three
language groups differ in perception of the non-native contrasts, a generalized linear

9 All error bars reported in the present chapter refer to 95% CI.
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mixed model (GLMM) was computed in SPSS 25. Contrast (4 levels: one segmental
contrast and three tonal contrasts), Position (3 levels: contrasts occurring word-
initially, -medially, and -finally), Sequence Length (3 levels: 2-word, 3-word, and 4-
word length sequence) and Language (3 levels) were taken as fixed factors, and
intercepts for participant and item were taken as random effects into the model. The
F-tests showed that Contrast (F (3, 25,884) = 57.841, p < 0.001), Position (F (2,
25,884) = 48.996, p < 0.001), Sequence Length (F (2, 25,884) = 20.436, p < 0.001),
and Language (F (2, 25,884) = 37.528, p < 0.001) were significant, as shown in
Table 3.5. Two-way interactions between Language and Contrast (F (6, 25,884) =
10.871, p<0.001), Language and Position (F (4, 25,884) = 60.124, p < 0.001), and
Contrast and Position (F (6, 25,884) = 7.385, p < 0.001) were found significant.
Moreover, a three-way interaction was found significant among Language, Contrast,
and Position (F (12, 25,884) = 18.396, p < 0.001). Sequence Length did not interact
with Language (F (4, 25,884) = 1.747, p = 0.137), Contrast (F (4, 25,884) = 0.725, p
= 0. 630), or Position (F (4, 25,884) = 0.507, p = 0.731), indicating that the
differences among language groups, contrasts, and positions were comparable in
each sequence length.

Table 3.5. Parameters of fixed effects and random effects in sequence-recall task.

Fixed effects F df p
Language group 37.528 2 <0.001
Contrast 57.841 3 <0.001
Position 48.996 2 <0.001
Sequence length 20.436 2 <0.001
Language group * Contrast 10.871 6 <0.001
Language group * Position 60.124 4 <0.001
Language group * Sequence length 1.747 4 0.137
Contrast * Position 8.344 6 <0.001
Random effects Est. Std. Error Z p

1| Participant 1.090 0.174 6.266 <0.001
1] Item 0.233 0.028 8.209 <0.001

Figure 3.3 shows the overall performance of each language group in each
sequence length. The chance level for the 2-word, 3-word, and 4-word sequences are
25% (1/2%), 12.5% (1/2%), and 6.25% (1/2*), respectively (Dupoux et al., 2001). All
three groups performed better than chance level and showed similar perceptual
patterns in each sequence length. Their performance decreased with the increase of
sequence length. Furthermore, in each sequence length, Mandarin listeners
significantly outperformed Japanese (in two-word sequences: F (2, 25,896) = 20.858,
p = 0.003; in three-word sequences: F (2, 25,896) = 25.7607, p = 0.015; in four-
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word sequences: F (2, 25,896) = 30.709, p = 0.010) and Dutch listeners (two-word
sequences: F (2, 25,896) = 20.858, p < 0.001; three-word sequences: F (2, 25,896) =
25.7607, p < 0.001; four-word sequences: F (2, 25,896) = 30.709, p < 0.001), while
Japanese listeners significantly outperformed Dutch listeners (two-word sequences:
F (2, 25,896) = 20.858, p < 0.001; three-word sequences: F (2, 25,896) = 25.7607, p
< 0.001; four-word sequences: F (2, 25,896) = 30.709, p < 0.001).
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Figure 3.3 Performance of each language group in each sequence length.

Since Sequence length had no interaction with Contrast, Position or Language
group, it was grouped into Contrast and Position with respect to the performance of
each language group. Figure 3.4 displays the performance of each language group in
perceiving segmental contrast (control condition) and pitch contrasts (tonal
condition) with sequences of different lengths collapsed. In perceiving segmental
contrasts, all three groups achieved good performance, with accuracy more than 85%
(Dutch listeners: 88.76%; Mandarin listeners: 95.01%; Japanese listeners: 92.38%).
The three groups had no difficulty encoding segmental contrasts in the sequence
recall task and did not differ from each other significantly (F (2, 25,884) = 8.775, all
p > 0.05). However, they showed differences in the tonal condition. In perceiving
non-native pitch contour contrast (T4 vs. T5), overall both Mandarin and Japanese
listeners significantly outperformed Dutch listeners (both F (2, 25,884) = 47.708, p
< 0.001), while Mandarin listeners had significantly better performance than
Japanese listeners (F (2, 25,884) = 47.708, p = 0.004), displaying a hierarchy:
Mandarin listeners >> Japanese listeners >> Dutch listeners. A similar hierarchy was
also found in perceiving non-native pitch level contrast (T3 vs. T6): both Mandarin
and Japanese showed significantly better performance than Dutch listeners (both F
(2, 25,884) = 24.197, p < 0.001). Meanwhile, Mandarin listeners significantly
outperformed Japanese listeners (F (2, 25,884) = 24.197, p = 0.001). With respect to
their perception of pitch contour vs. pitch level contrast (T4 vs. T6), Mandarin and
Japanese listeners did not differ from each other (F (2, 25,884) = 39.565, p = 0.055)
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and they both significantly outperformed Dutch listeners (both F (2, 25,884) =
39.565, p < 0.001).
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Figure 3.4 Performance of each language group on each contrast.

3.3.2.2 Summary

To summarize, all three language groups showed comparable performance
patterns in each sequence length both in the control condition (segmental contrast)
and tonal condition (non-native pitch contrasts in different positions). Their
accuracy decreased when the sequence length increased from two words, to three
words, to four words. In each sequence length, a gradient perceptual hierarchy was
observed: Mandarin listeners >> Japanese listeners >> Dutch listeners. Moreover,
sequence length did not influence their perception with respect to contrast
(segmental and tonal) or position (word-initial, -medial, and -final).

Secondly, the three language groups achieved comparably good performance in
the control condition. They all had no problem perceiving segmental contrasts at the
phonological level. They all performed better when the segmental contrast occurred
word-finally than word-initially.

However, the three groups showed differences with respect to tonal condition.
Overall, Mandarin listeners outperformed Japanese listeners, while Japanese
listeners outperformed Dutch listeners when perceiving the non-native pitch
contrasts. More specifically, when perceiving non-native pitch contour contrast (T4
vs. T5) and pitch level contrast (T3 vs. T6), the three groups displayed a hierarchical
order: Mandarin listeners >> Japanese listeners >> Dutch listeners. When perceiving
pitch contour vs. pitch level contrast (T4-T6), Mandarin and Japanese listeners
performed comparably well and both outperformed Dutch listeners.
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The advantage of Mandarin and Japanese listeners over Dutch listeners was
also observed with regard to the positions where the non-native pitch contrasts
occurred at the phonological level. When the non-native pitch contrasts occurred
word-initially, a gradient perceptual order was found: Mandarin listeners >>
Japanese listeners >> Dutch listeners. When the non-native pitch contrasts occurred
word-medially and word-finally, both Mandarin and Japanese listeners
outperformed Dutch listeners, while the former two groups did not differ from each
other.

3.3.3 Performance of each language group

To investigate the perceptual patterns of each language group, GLMM analysis was
conducted for each language group. In each language group, Contrast (4 levels: one
segmental contrast and three pitch contrasts) and Position (3 levels: word-initial, -
medial, and -final position) were taken as fixed factors. Intercepts for participant and
item were added as random effects. Post hoc comparisons were analyzed with
Bonferroni adjustment in each language group.

3.3.3.1 Results of Dutch listeners’ performance

Figure 3.5 displays the performance of Dutch listeners with respect to segmental
contrast (control condition) and pitch contrast (tonal condition) in different positions.
For Dutch listeners, both the fixed factors, Contrast (F (3, 8.628) = 89.129, p <
0.001) and Position (F (2, 8,628) = 23.413, p < 0.001), were significant. Contrast
and Position had a significant interaction (F (6, 8,628) = 7.385, p < 0.001),
indicating that perceptual differences in performance depended on position.

As can be seen in Figure 3.5, Dutch listeners had a significantly overall better
performance perceiving segmental contrast than all the non-native pitch contrasts (F
(3, 8,628) = 62.466, p < 0.001), indicating that they had more difficulties encoding
non-native pitch contrasts than segmental contrasts at the phonological level. In the
tonal condition, Dutch listeners showed significantly better performance overall
when perceiving pitch level contrast T3-T6 (55.3% accuracy) than pitch contour T4-
T5 contrast (46.2% accuracy) (F (2, 6,471) = 3.268, p = 0.039) and pitch level vs.
pitch contour contrast T4-T6 (45.4% accuracy) (F (2, 6,471) = 3.131, p = 0.031).

Moreover, Dutch listeners performed differently with regard to position.
Specifically, when perceiving pitch contour vs. pitch level contrast T4 vs. T6, they
achieved significantly better performance at the word-final position, reaching over
70% accuracy than at word-initial (around 35% accuracy) and word-medial
positions (around 25% accuracy) (F (2, 8,628) = 23.546, both p < 0.001). However,
when perceiving pitch contour contrast T4-T5 and pitch level contrast T3-T6, there
was no significant difference at any of the three positions (T4-T5: F (2, 8,628) =
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1.694, p > 0.05 in all comparisons; T3-T6: F (2, 8,628) = 2.939, p > 0.05 in all
comparisons).
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Figure 3.5. Dutch listeners’ performance for each contrast and position.

3.3.3.2 Results of Mandarin listeners’ performance

Figure 3.6 shows the performance of Mandarin listeners perceiving segmental
contrast and non-native pitch contrasts in different positions. They achieved more
than 75% accuracy in each contrast at each position. For Mandarin listeners,
Contrast (F (3, 8,628) = 17.794, p<0.001) but not Position (F (2, 8,628) = 0.400, p =
0.670) was found significant. Post hoc pair-wise comparison showed that Mandarin
listeners performed better in encoding pitch contour contrast T4-T5 than in pitch
contour vs. level T4- T6 (F (3, 8,628) = 8.860, p = 0.006) and pitch level contrast
T3-T6 (F (3, 8,628) = 10.987, p < 0.001), while their performance perceiving T4-T6
was significantly better than perceiving T3-T6 (F (3, 8,628) = 7.683, p = 0.035) at
the phonological level. Notably, Mandarin listeners perceived non-native pitch
contour contrast T4-T5 as well as they did perceiving segmental contrast (F (3,
8,628) = 0.475, p = 0.379), with an accuracy of approximately 96%.

Regarding the influence of position on pitch contrast, a significant interaction
between Contrast and Position was found (F (6, 8,628) = 11.766, p < 0.001),
suggesting that there were differences among the performance for contrasts
depending on certain positions. Post hoc pair-wise comparison further showed that
Mandarin listeners better perceived pitch contour vs. pitch level contrast T4-T6
word-finally than word-initially (F (2, 8,628) = 7.249, p = 0.047) and word-medially
(F (2, 8,628) = 9.319, p = 0.001). When perceiving pitch level contrast T3-T6, they
showed significantly better performance when the contrast occurred word-medially
than word-initially (F (2, 8,628) = 8.968, p = 0.006) or word-finally (F (2, 8,628) =
10.042, p < 0.001), as shown in Figure 3.6. However, when perceiving pitch contour
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contrast T4-T5, they achieved comparably good performance at each position (F (2,
8,628) = 0.408, p = 0.665).

Mandarin listeners' performance
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Figure 3.6. Mandarin listeners’ performance for each contrast at each position.

3.3.3.3 Results of Japanese listeners’ performance

For Japanese listeners, both Contrast (F (3, 8.63) = 52.224, p < 0.001) and Position
(F (2, 8,628) = 133.202, p = 0.003) were found significant. Post hoc pair-wise
comparison reported that the overall performance perceiving pitch contour T4-T5
(90.1% accuracy) and pitch contour vs. pitch level contrast T4-T6 (87.3% accuracy)
was comparable (F (2, 6,471) = 15.053, p = 0.063), both significantly better than
that of pitch level contrast T3-T6 (75.1% accuracy) (F (2, 6,471) = 16.306, both p <
0.001).

Contrast interacted with Position significantly (F (6, 8,628) = 26.432, p <
0.001), implying that the performance for non-native pitch contrasts by Japanese
listeners differed depending on position. As shown in Figure 3.7, when perceiving
pitch contour contrast T4-T5, Japanese listeners achieved around 97% accuracy at
word-medial position, significantly better than word-initial (58.4% accuracy, F (2,
8,628) = 19.062, p < 0.001) and word-final position (F (2, 8,628) = 19.062, p =
0.001). When perceiving pitch contour vs. level contrast T4-T6, they showed
comparably good performance word-medially and word-finally (F (2, 8,628) =
0.013, p=0.943), both significantly better than word-initially (F (2, 8,628) = 15.600,
both p < 0.001). Their perception of pitch level contrast T3-T6 was significantly
better in word-medial than word-initial and word-final positions (F (2, 8,628) =
20.580, both p < 0.001).
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Japanese listeners' performance
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Figure 3.7. Japanese listeners’ performance for each contrast at each position.

3.3.3.4 Summary

Taken together, language-specific and language-general patterns were observed
across the three groups. All three groups showed a preference for word-final
position over word-medial and/or word-initial position when perceiving pitch
contour vs. pitch level contrast T4-T6.

Apart from the language-general pattern, the three language groups displayed
different perceptual patterns when encoding non-native pitch contrasts in different
positions at the phonological level. Dutch listeners had more difficulty perceiving
non-native pitch contrasts than segmental contrasts (control condition). In general,
Dutch listeners favoured perceiving pitch level contrast T3-T6 over the other non-
native pitch contrasts. Position had a robust influence on Dutch listeners’
performance only when perceiving pitch contour vs. pitch level contrast T4-T6.
More specifically, their performances rocketed to around 70% correct when T4-T6
occurred word-finally compared to word-initially (35% accuracy) and word-
medially (28% accuracy). However, Dutch listeners had no preference for any
position when perceiving pitch contour contrast T4-T5 and pitch level contrast T3-
T6.

Mandarin listeners perceived the non-native pitch contour contrast T4-T5 as
accurately as the segmental contrast at the phonological level. Pitch level contrast
T3 vs. T6 was the most difficult for Mandarin listeners to encode at the phonological
level, compared with other non-native pitch contrasts. Moreover, the differences
among their performance perceiving the non-native pitch contrasts were dependent
on position. When perceiving non-native pitch level contrast T3-T6, they showed
significantly better performance word-medially than word-finally and word-initially,
while they were significantly better at encoding pitch contour vs. pitch level contrast
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T4-T6 word-finally than word-initially and word-medially. However, they didn’t
show any preference with respect to position when perceiving pitch contour contrast
T4-T5.

Japanese listeners performed better perceiving segmental contrast than all the
non-native pitch contrasts. Among the non-native pitch contrasts, they encountered
most difficulty perceiving non-native pitch level contrast T3-T6, while they had
comparable performance when perceiving pitch contour contrast T4-T5 and pitch
contour vs. level contrast T4-T6. They displayed a strong preference for word-
medial position over word-initial and word-final position for all the pitch contrasts.

3.4 General discussion

The present study investigated the perception of non-native pitch contrasts in
different positions at the phonological level by Dutch, Mandarin, and Japanese
listeners. It aims to shed some light on to what extent native prosody (word prosody
or intonation prosody if it exists) influences the encoding of non-native WPCs,
specially, non-native pitch contrasts that occur word-initially, -medially, and -finally
at the phonological level, by putting forward 1) how the three language groups differ
from each other in perceiving non-native WPCs at the phonological level, 2)
whether the three groups show differences or share commonalities when encoding
non-native WPCs phonologically, and 3) to what extent position interacts with the
perception of non-native pitch contrasts in each language group.

3.4.1 Overall performance across language groups

To begin with, in general, a hierarchical perceptual pattern of perceiving non-native
pitch contrasts in different positions at the phonological level was observed:
Mandarin listeners >> Japanese listeners >> Dutch listeners. The perceptual
advantage of Mandarin listeners over Dutch and/or Japanese listeners was also
observed at each position where the non-native pitch contrasts occurred. The
findings were in accordance with predictions in (1b), but not (1a). (1a) was based on
the Feature Hypothesis (McAllister et al., 2002) which states that if a phonetic or
phonological dimension is not used for lexical contrast in the native language it will
be difficult for naive listeners to perceive. Accordingly, Japanese listeners (whose
native language uses lexical pitch accent and positional marking) would be expected
to show advantage over Mandarin listeners (who use only lexical tones) and Dutch
listeners (who only use lexical stress), contrary to the current findings. Instead, the
predictions in (1b) held. These predictions were based on Functional Pitch
Hypothesis stating that the functionality of pitch used for lexical contrasts will
determine non-native tone perception (Schaefer & Darcy, 2014). According to this
hypothesis, the higher the functionality of pitch in the native language, the better the
performance will be in non-native tone perception. Mandarin, Japanese, and Dutch
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differ in the degree of functionality of lexical pitch in the language ranging from
maximal, to intermediate, to low. This shapes the perceptual performance of the
three groups in a gradient order. The current findings seem to suggest that the use of
lexical pitch and/or to what degree lexical pitch is used in the native language, rather
than positional marking, is a prominent factor that matters in the perception of non-
native pitch contrasts occurring in different positions.

3.4.2 Language-specific perceptual patterns

Besides the differences of overall performance across groups, each language group
showed specific patterns when perceiving non-native WPCs at the phonological
level. Dutch listeners displayed more troubles encoding non-native pitch contrasts,
compared with their good performance (ceiling effect) encoding segmental contrast
(baseline) phonologically. Among the non-native pitch contrasts, they showed a
perceptual preference for pitch level contrast T3-T6 over pitch contour T4-T5 and
pitch contour vs. pitch level contrast T4-T6. Unlike Dutch listeners, Mandarin
listeners were in favour of non-native pitch contour contrast T4-T5. They perceived
non-native pitch contour contrast as well as they had segmental contrast at the
phonological level, both reaching ceiling performance. Moreover, based on
performance accuracy, the non-native pitch contrasts they attended to were found in
a hierarchical order: pitch contour contrast T4-T5 >> pitch contour vs. pitch level
contrast T4-T6 >> pitch level contrast T3-T6, i.e., the non-native pitch contour
contrast was their favourite while the non-native level contrast was the most
troublesome. Japanese listeners showed comparable performance perceiving non-
native pitch contour contrast T4-T5 and pitch contour vs. pitch level contrast T4-T6.
However, comparatively, they had more difficulty perceiving non-native pitch level
contrast T3-T6 than perceiving T4-T6 and T4-T5.

The language-specific perceptual patterns were by and large in line with the
predictions based on the approach of relative perceptual weighting to features of
tones (Lee et al., 1996; Xu et al., 2006; Francis et al., 2008) proposing that stored
representations of pitch-based phonological categories in long-term memory
influence listeners’ perceptual weight given to non-native pitch features. The
predictions are supported by the perceptual patterns observed in Dutch and
Mandarin listeners but not Japanese listeners. Japanese listeners were predicted to be
more sensitive to perceive non-native pitch level contrast than pitch contour contrast
at the phonological level as Japanese listeners may have long-term storage of
representations of the accentual patterns of prosodic words consisting of H tone and
L tones. However, the current findings contradict this prediction. It was found
instead that Japanese listeners were more sensitive to perceive the non-native pitch
contour contrast T4-T5 and non-native pitch contour vs. level contrast T4-T6 than
the non-native pitch level contrast. This could be accounted for by their native
sensitivity to detect a falling tone. The non-native pitch contour contrast T4-T5
(falling vs. rising) and pitch contour vs. pitch level T4-T6 both contained a falling
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tone T4. Recall that Japanese employs a lexical pitch fall to distinguish word
meanings. According to a proposal of relative perceptual weighting to features of
tones (Lee et al., 1996; Xu et al., 2006; Francis et al., 2008), Japanese listeners may
have stored long term memory representation of the lexical pitch fall, which may
facilitate Japanese listeners to distinguish a falling pitch contour from a non-native
pitch contrast. Indeed, Ustugi et al. (2010) via a sequence recall task (Dupoux et al.,
2001) reported that Japanese listeners were good at detecting the lexical pitch fall in
their native language at the phonological level. This sensitivity to pitch fall in one’s
native language may be transferred to perceive a non-native falling tone. Moreover,
the findings on Japanese listeners’ perceptual pattern seem to suggest that the
representations of pitch-based phonological categories stored in Japanese listeners’
long-term memory are associated with lexical pitch fall, rather than the basic
structure of H and L tones in the surface tonal pattern.

Despite the rejection of the prediction for Japanese listeners, the predictions for
Dutch and Mandarin listeners held. Dutch listeners, as predicted, were more
sensitive to perceive the non-native pitch level contrasts than contour contrasts at the
phonological level. Dutch does not have lexical tones. According to a proposal of
relative perceptual weighting to features of tones (Lee et al., 1996; Xu et al., 2006;
Francis et al., 2008), the long-term storage of pitch-based phonological categories in
Dutch listeners are intonational nuclear tones consisting of H and L tones. This may
equip Dutch listeners to show more sensitivity and encode the non-native pitch level
contrast compared to the non-native pitch contour contrast and non-native pitch
contour vs. level contrast at the phonological level.

As for Mandarin, the language has three contour tones and one level tone. It
uses pitch contour contrasts but not pitch level contrasts to signal lexical meanings.
Mandarin listeners may have stored pitch representations of tonal categories, i.e.,
categories of contrastive contour tones, in long-term memory, which may benefit
them when encoding non-native pitch contour contrasts at the phonological level.
However, due to a lack of contrastive level tones in Mandarin, they were relatively
at a disadvantage when perceiving non-native pitch level contrasts, compared with
their good performance perceiving non-native pitch contrasts paired with pitch
contour (T4-T5, T4-T6). More specifically, a lower sensitivity to the non-native
pitch level contrasts could be further attributed to a lack of clear correspondence
between the native and non-native tone categories. Francis et al. (2008) further
develops this proposal in light of relative perceptual weighting given to tone features
(Lee et al., 1996) and the multi-store memory model (Xu et al., 2006) and proposes
that when a clear correspondence holds between native and non-native category
representations, the non-native categories will be assimilated to the native categories.
When there is no clear correspondence, the relative weight of perceptual features
will be distributed in accordance with the native tone categorization. Mandarin has
three contrastive contour tones and one level tone. Accordingly, the non-native pitch
contrast T4-T5 (falling vs. rising tone) may be assimilated to the falling and rising
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tone category in Mandarin, respectively. The non-native pitch contour vs. pitch level
contrast T4-T6 (falling vs. low level tone) may be assimilated to the falling and level
tone categories, respectively. However, there is no clear correspondence between the
non-native pitch level contrast T3-T6 (mid level vs. low level tone) and any native
level tone category in Mandarin. Thus, native lexical tone categories would lead
Mandarin listeners to be less accurate in encoding this non-native pitch level
contrast, compared with the non-native pitch contour contrast and pitch contour vs.
pitch level contrast.

In terms of the correspondence between the native category and the non-native
category representations, more specifically, So & Best (2010, 2011, 2012, 2014)
extended the Perceptual Assimilation Model (PAM) to PAM-S (suprasegmental) to
propose that if the non-native phonemic contrast (here, suprasegmentals) is mapped
onto the same category in the native language, it will yield poor perception. If the
non-native phonemic contrast is mapped onto two different categories in the native
language, it will lead to good perception. Based on PAM-S (So & Best, 2014),
Mandarin listeners may perceive the non-native pitch contour contrast T4-T5 and
pitch contour vs. pitch level contrast T4-T6 as falling tone vs. rising tone and falling
tone vs. level tone, respectively, in the native tonal categories, leading to good
perception. In contrast, due to a lack of contrastive level tones in Mandarin, the non-
native T3 (mid level tone) and T6 (low level tone) in non-native pitch level contrast
could be mapped onto the same tonal category high level tone in Mandarin, which
would give rise to perceptual difficulty for Mandarin listeners.

The PAM-S perceptual assimilation framework could account for Mandarin
listeners” perceptual pattern. However, PAM-S seems not supported by the
perceptual patterns observed in Dutch and Japanese listeners. Dutch does not have
lexical tones but has a rich repertoire of nuclear tones in an intonation system.
According to PAM-S, the non-native pitch contrasts can be mapped onto Dutch
intonation categories, that is, the non-native contrast T4 vs. T5 and T4 vs. T6 can be
mapped onto H*L L% (fall) vs. L*H H% (low rise) and L*H H% vs. H* % (level
tone) (Gussenhoven, 2004, 2005) in Dutch intonational nuclear tonal categories,
respectively, which would result in good perception. The non-native pitch level
contrast T3-T6, would be mapped onto the same nuclear tone H* % (level tone),
leading to poor perception. The expectations based on PAM-S contradict the current
finding that Dutch listeners were more sensitive to non-native pitch level contrast
than non-native pitch contour contrast and pitch contour vs. pitch level contrast. The
conflict between the predictions of PAM and the current findings seems to suggest
that the categorical status of intonational contours is not as distinctive as tonal
categories, although there are studies suggesting some intonational pattern may be
perceived categorically (Pierrehumbert & Steele, 1989; Grabe et al., 2003).

According to PAM-S, Japanese listeners may assimilate non-native pitch
contrasts onto native accentual patterns in word prosody. Recall from 81.2.1.2 that
in Japanese the accentual pattern of a word is determined by the presence/absence
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and the location of the lexical pitch accent (marked with an apostrophe (°). If the
accent falls on the first mora®, the accented mora receives a H tone and the
following mora receives a L tone. If the accent falls on the second or later mora, the
first mora receives a L tone and the moras from the second until the accented ones
all receive a H tone. When the word is unaccented, the first mora has a L tone and
the remaining moras receive a H tone (Haraguchi, 1999; Kubozono, 2008). Based on
the accentual rules (McCawley, 1968; Haraguchi, 1999; Uwano, 1999), there can be
H’L (e.g., a H'L pattern in an initial-accented bimoraic word), LH’ (e.g., LH’
pattern in a final-accented bimoraic word), HH’ (e.g., HH’ pattern in a LHH’, final-
accented trimoraic word) and LL pattern (e.g., LL pattern in a HLL, initial-accented
trimoraic word). In light of the PAM-S, the non-native pitch contrast T4-T5 (falling
vs. rising tone) may be assimilated to the H’L and LH’ accentual categories in
Japanese, respectively. The non-native pitch contour versus pitch level contrast T4-
T6 (falling vs. low level tone) may be assimilated to LH’ and HH’ category,
respectively. The non-native pitch level contrast T3-T6 (mid level vs. low level tone)
may be assimilated to accentual categories HH’ and LL, respectively. The one-to-
one assimilation between the three pairs of non-native pitch contrasts and the native
accentual patterns would yield good perception in Japanese listeners, which was in
conflict with the finding that Japanese listeners were more sensitive to encode T4-T5
and T4-T6 than T3-T6. It seems that the mapping between Japanese accentual
patterns and the non-native tones may not be as clear as that between Mandarin
lexical tones and the non-native tones. This opens up a question about the
correspondence relation between the Japanese accentual patterns and non-native
lexical tones (here Cantonese tones). For instance, So (2010) investigated the
assimilation of Japanese accentual patterns and Mandarin tones by Japanese listeners.
She found that Japanese listeners were able to categorize the Mandarin tones they
heard onto the native accentual categories, that is, they associated the Mandarin high
level tone, rising tone, and falling tone with the native accentual pattern HH’, LH’,
and H’L, respectively. However, in So (2010), the LL pattern which is legitimate in
Japanese trimoraic words (e.g., megane , “glasses” in Japanese carries H’LL pattern)
was not investigated. Japanese listeners’ relatively poor performance encoding the
non-native pitch level contrast T3-T6 seems to suggest that the status of the
accentual patterns HH’ and LL is not as categorical as that of H’L and LH’, which
may need further investigation in the future study.

Note that the equivalence relation between the non-native Cantonese tones with
Mandarin tones, Japanese accentual categories, and Dutch intonation contours in the
current study is in nature speculative. It is necessary to conduct overt studies to
investigate the correspondence between the native categories (e.g., tonal, accentual,
and intonational categories) and the non-native Cantonese tonal categories as in
previous studies on the mapping between Mandarin tones and Japanese accentual

20 Recall that the rules for tonal patterns in Tokyo Japanese discussed in the dissertation are
words with light syllables (see 8L.2.1.2 for details).
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patterns (So, 2010) and between Mandarin tones and Australian English and French
intonation patterns (So & Best, 2014).

3.4.3 Influence of position on perception of non-native pitch contrasts
phonologically

For each language group, position was found to cast influence on their perception of
non-native pitch contrasts at the phonological level. It was predicted that Dutch
listeners would favour the final position while Mandarin listeners and Japanese
listeners would show no preference for any position when perceiving non-native
pitch contrasts in different positions. However, the current findings were not in line
with these predictions.

First, we didn’t predict a language-general pattern. The three groups were
observed to share perceptual commonality, that is, when perceiving the non-native
pitch contour vs. pitch level contrast T4 vs. T6, all the three groups achieved better
performance on word-final position than on word-initial position and/or word-
medial position. One parsimonious account could be simply attributed to the recency
effect that the auditory information on the offset of a word retains more than that on
the onset to listeners (Demany & Semal, 2007). However, if this finding is due to the
recency effect, a preference for word-final position rather than word-initial and
word-middle position should also be observed in the other contrasts, which on the
contrary was not found in the current study. Hence, the recency effect (Demany &
Semal, 2007) seems to not hold as an explanation for the language-general pattern
observed in all the three groups.

Another account could be the influence of intonation contour. It is generally
deemed that intonation patterns are associated with non-lexical linguistic (e.g.,
pragmatic, paralinguistic) meanings. For instance, rising contour at the end of an
utterance is generally associated with interrogative meaning, while falling contour
signals assertive meaning (Ladd, 1996; Cruttenden, 1981, 1997). The low falling
tone T4 on the final position in the tonal pattern T3-T3-T4 may resemble a falling
contour at the end of an utterance. Such a terminal fall in an utterance, most
commonly in a statement, is generally observed across languages (Bolinger, 1978,
1982). The final falling contour in an utterance can refer to an effect of declination
which is a downtrend of pitch declining over the course of an utterance and towards
the end (‘t Hart & Cohen, 1973; Maeda, 1976; Pierrchumbert, 1979; Cohen et al.
1982; Ladd, 1984; Strik & Boves, 1995), or a final lowering which is an additional
lowering of pitch at the end of an utterance (Maeda 1976; Liberman &
Pierrehumbert, 1984; Pierrehumbert & Beckman, 1988; Herman, 1996). Both effects
of the terminal fall in an utterance are found in Dutch (Gussenhoven & Rietveld,
1988), Japanese (Sugito, 1982; Poser, 1984; Pierrehumbert & Beckman, 1988) and
Mandarin (Shih, 1997, 2000; Lai et al., 2014). Listeners may associate the falling
tone at the final position with a terminal fall signalling assertive intonation, and thus
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it might be distinctive enough to be differentiated from the word-final low level tone
T6, compared with the T4-T6 contrast at word-initial and word-medial positions.
However, such perceptual association between the non-native tone categories and
intonation categories is in nature speculative. It would be necessary to conduct a true
study on overt mapping between the native intonation categories and non-native
tone categories (for instance, as is done for the mapping between Mandarin tonal
categories and intonation categories in Australian English and French in So & Best
(2014).

Secondly, for each language, position interacted differently with the perception
of non-native pitch contrasts. Dutch listeners were found to only be affected by
position when perceiving the pitch contour vs. pitch level contrast T4-T6. They were
more in favour of perceiving T4-T6 when it occurred word-finally than word-
initially and word-medially. In contrast, when perceiving pitch contour contrast T4-
T5 and pitch level contrast T3-T6, they were not influenced by the position at all.
They were comparatively vulnerable in each position when perceiving T4-T5 and
T3-T6 at the phonological level. Their confusion of T4-T5 and T3-T6 could be
attributable to a lack of lexical tones in the native language. Dutch does not have
lexical tones. Dutch listeners may store long-term memory representations of pitch-
based phonological categories, which are nuclear tones in intonation. Due to the lack
of lexical tones, Dutch listeners may resort to intonation patterns. However, when
the tonal contrast belonged to the same category, i.e., both T4 and T5 are contour
tones or both T3-T6 are level tones, Dutch listeners seemed unable to efficiently rely
on the native intonation contours. It seemed they could rely on native intonation
only when the two tones in the contrast were in different tonal categories, i.e., pitch
contour vs. pitch level T4-T6 and when such contrast occurred at the final position
(see above for detailed discussion).

For Mandarin listeners, position played different roles in their perception of
non-native pitch contrasts. When perceiving the non-native pitch contour contrast
T4-T5 phonologically, position did not influence Mandarin listeners. They
performed equally well at each position, suggesting that they were sensitive to the
non-native pitch contour contrast at the phonological level regardless of the position
where it occurred. This can be due to facilitation from the native tonal categories.
Mandarin uses contrastive contour tones to signal lexical items. The distinctive
lexical tonal categories of falling and rising tones may enhance their perception of
non-native rising and falling tones. In other words, Mandarin listeners were so adept
at perceiving the non-native pitch contour contrasts that the positions where the
contrast occurred did not matter in their perception.

Nonetheless, unlike the good performance at each position when perceiving
T4-T5, Mandarin listeners showed significantly better performance at word-medial
position than at word-initial and word-final position when perceiving the non-native
pitch level contrast T3-T6. Presumably due to a lack of pitch level contrasts in the
native word prosody (Mandarin does not have contrastive level tones), Mandarin
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listeners may require tonal references for them to perceive non-native pitch level
contrasts efficiently. To be more specific, when the T3-T6 contrast occurred word-
initially (T3-T3-T3 vs. T6-T3-T3) or word-finally (T3-T3-T3 vs. T3-T3-T6), it only
had one neighbouring level tone that Mandarin listeners may rely on to perceive the
level contrast. In contrast, when the T3-T6 contrast occurred word-medially (T3-T3-
T3 vs. T3-T6-T3), it was surrounded by two neighbouring level tones. The two
contextual level tones could “highlight” the T3-T6 contrast at the medial position to
make it more salient for Mandarin listeners, compared with when T3-T6 occurred in
the initial or final position with only one contextual tone. This reliance on contextual
tones by Mandarin listeners is in line with previous studies which found that level
tones are more context-dependent than contour tones to tone language listeners (Fox
& Qi, 1990; Moore & Jongman, 1997; Francis et al., 2003; Wong & Diehl, 2003; Xu
et al., 2006).

Japanese listeners showed a perceptual preference for word-medial position
over word-initial and word-final positions. We predicted that Japanese listeners
would not favour any positions in that tri-mora words are mostly unaccented in
Japanese, which was based on the assumption that they perceived trisyllabic non-
words as 3-mora words. The current finding suggests that Japanese listeners may
perceive the trisyllabic non-words CVCVCV not as 3-mora words, but rather as
words with longer moras such as CVV.CV.CVV or CV.CV.CVV (or even longer).?
One mora in Japanese is usually around 100-150 ms at normal tempo in natural
speech (Hoequist, 1983). The trisyllabic non-words used in the study were each 950
ms, much longer than the phonetic duration of Japanese 3-mora words. Hence, they
may have perceived the trisyllabic non-words as six or more than six moras.
According to their native accentuation (Sato, 1993; Kubozono, 1998, 2006; Suzuki,
1995; Kitahara, 2001), pitch accent is placed dominantly on the antepenultimate
mora in 5- to 7-mora words in Japanese, which is the medial position in this case, for
instance /ne/ at the medial position (the antepenultimate mora) in /ka.a.ne’e.syon/
“carnation”. The preference for the medial position (the antepenultimate mora) of
pitch accent in a word consisting of six or more than six moras might account for the
Japanese listeners’ preference for word-medial position when perceiving non-native
pitch contrasts.

To sum up, position interacted with the perception of specific non-native pitch
contrasts in the perception of non-native pitch contrasts at the phonological level.
Both language-general and language-specific patterns were found. The language-
general pattern could be due to the influence of the intonation patterns shared across
languages. The language-specific patterns regarding the effect of position in non-

! Note that analysis was conducted after the experiment took place, by which time I had
already returned to the Netherlands. Due to practical issues, | was unable to recall the
Japanese participants for a further report on whether they perceived the words in the
experiment as words with longer moras.
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native pitch contrasts could be attributed to features in the native phonology (word
prosody and intonation).

3.5 Conclusion

The current study investigated the cross-linguistic perception of non-native pitch
contrasts in different positions at the phonological level by Dutch, Mandarin, and
Japanese listeners. It attempted to answer how native word prosody and/or
intonation prosody modulate listeners encoding non-native pitch contrasts that occur
word-initially, -medially, and -finally at the phonological level.

First, it observed an overall perceptual hierarchy: Mandarin listeners >>
Japanese listeners >> Dutch listeners. Second, language-specific patterns were found
with different weighting given to non-native pitch contrasts. Dutch listeners attended
more to non-native pitch level contrast than pitch contour and pitch level vs. pitch
contour contrast. Japanese listeners were more sensitive to perceive non-native pitch
contour and pitch level vs. pitch contour contrast. Mandarin listeners displayed a
gradient order favouring non-native pitch contour contrast >> non-native pitch level
vs. pitch contour contrast >> non-native pitch level contrast. The observed language-
specific patterns were accounted for in terms of the selective perceptual weighting to
features of tones (Lee et al., 1996) and long-term memory representations of pitch-
based phonological categories (tones and/or intonation) (Xu et al., 2006) and
assimilation between the native categories and non-native categories (So & Best,
2010, 2011, 2014; Francis et al., 2008). Thirdly, the current study further examined
the role position played in perceiving non-native pitch contrasts in different
positions. On the one hand, interestingly, a language-general pattern was found that
all three language groups preferred word-final position over word-initial and/or
word-final position when perceiving non-native pitch level vs. pitch contour (falling
tone), which could be due to the influence of intonation contours generally across
languages. On the other hand, language-specific patterns were observed. Position
played different roles in each language group in the perception of non-native pitch
contrasts at the phonological level, which can be accounted for by the influence of
the native phonology (word prosody and intonation).

The current study also discussed its observations in light of different perceptual
frameworks (e.g., pitch-based feature and assimilation-based) and attempted to
extend theoretical perceptual mechanisms, mostly discussed at the acoustic and
phonological levels. Note that the comparisons between the findings in Chapter 2
(acoustic level) and in the current chapter (phonological level) will be discussed,
together with Chapter 4 (word learning) in Chapter 5 for a general discussion.

The following chapter, Chapter 4, will continue to study how non-native WPCs,
more specifically non-native pitch contrasts in different positions, are
phonologically encoded at the lexical level, i.e., in word learning, from a cross-
linguistic perspective.
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Chapter 4
Processing of non-native WPCs in word-learning

4.1 Introduction

The processing of word prosodic cues does not only involve sensory-auditory
processing (i.e., processing at the acoustic level) but also involves higher linguistic
levels. Among these are the abstract phonological level, where acoustic traces that
listeners might rely on are inaccessible (Dupoux et al., 2001, 2008), and the lexical
level, where phonological knowledge is encoded to build lexical representation in
word learning (Wong & Perrachione, 2007; Zatorre & Gandour, 2008; Wang &
Cooper, 2013; Braun et al., 2014). Chapters 2 and 3 addressed the role of native
word prosody in the cross-linguistic perception of non-native WPCs at the acoustic
and phonological levels, respectively. The current chapter further taps into how and
to what extent one’s native language, i.e., native word prosody and/or intonation
prosody if there is any, plays a role in the processing of non-native WPCs in
integrating sound-to-meaning associations in word learning.

As mentioned earlier, the bulk of previous studies have addressed how native
language influences naive listeners in acoustic discrimination or identification of
non-native WPCs, mostly with respect to non-native pitch contrasts (Lee et al, 1996;
Burnham et al., 1996; Gottfried & Suiter 1997; Burnham & Francis, 1997; Wu &
Lin, 2008; Schaefer & Darcy, 2014; Burnham et al., 2015; Reid et al., 2015; among
others). Comparatively less is known about how naive listeners encode non-native
pitch contrasts in establishing lexical representations. Earlier studies on the lexical
encoding of non-native pitch contrasts have mainly focused on whether naive
listeners can use non-native lexical tones to learn words after receiving short-term
training (Wong & Perrachione, 2007; Chandrasekaran et al., 2010; Perrachione et al.,
2011; Cooper & Wang, 2012, 2013), whether L2 learners of a tone language can
acquire non-native lexical tones to recognize words (Zou, 2017), and what factors
(e.g., musical experience, phonological awareness) can contribute to improved
learning of non-native tones paired with meanings (Wong et al., 2007; Wang et al.,
2003; Kaan et al., 2008; Showalter & Hayes-Harb, 2013; Bowles et al., 2016; Shen
& Froud, 2019). For instance, Wong & Perrachione (2007) found that naive English
listeners were able to learn to identify nonwords contrastive in Mandarin tones in a
picture selection task after receiving training (three to four sessions per week). Zou
(2017) reported that Dutch L2 advanced learners of Mandarin showed an
improvement in identifying Mandarin words compared with beginning learners. The
above mentioned studies suggest that training or natural L2 acquisition can enhance
non-tone language listeners’ use of non-native lexical tones when building lexical
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representations. However, they centred on non-naive listeners who had received
either short-term training or long-term exposure to the non-native pitch contrasts.
The process of such training involves both internal and external variables (e.g.,
motivation and learning strategy) that may influence listeners (Orie, 2006; Moyer,
1999; Obler, 1989). How, then, do naive listeners at the very earliest stage of
acquisition, who have not been influenced by other factors, encode non-native pitch
contrasts when building sound-to-meaning associations in word learning? To what
extent does one’s native language play a role in word learning?

There seems to be a lack of investigation into how one’s native language may
modulate naive listeners’ encoding of non-native tones in building sound-to-
meaning mappings. Only very few studies exist; for instance, a recent study
conducted by Ramachers et al. (2017) investigated whether naive Dutch listeners
could attend to pitch differences when learning novel words in Limburgian, a dialect
with a restricted tonal system consisting of a binary tonal contrast of accent 1 HL
and accent 2 LHL? (Gussenhoven, 2000a, 2000b). The authors applied a name-
labeling paradigm with eye-tracking (Quam & Swingley 2010; Singh et al., 2014) in
which listeners had to choose the corresponding object (presented in animation)
when hearing the target word. Their findings showed that Dutch listeners could
overall recognize target word-object associations when hearing correctly
pronounced words. However, when the word was mispronounced in another accent,
the participants tended to look at the target word-object instead of looking at the
distracter, indicating that they neglected the pitch changes during word learning in
Limburgian. Their insensitivity to non-native pitch contrasts in word learning can be
accounted for by a lack of lexical tones in Dutch (Ramachers et al., 2017). The
findings in Ramachers et al. (2017) suggest that a lack of lexical tones in the native
language may impede naive listeners from encoding non-native tones in sound-to-
meaning mapping.

In contrast, two recent studies have shown that prior experience with lexical
tones can benefit tone language listeners when mapping novel tones to meanings in
word learning. For example, Poltrock et al. (2018) conducted an eye-tracking study
to investigate Mandarin and French listeners learning minimal pairs of disyllabic
pseudo-words in comparison with Cantonese native listeners as controls. Listeners
had to learn the word (non-native tone)-object (fantasy object) associations and look
at the correct object after each word they heard. They observed that Mandarin
listeners outperformed French listeners with respect to learning tonal contrasts,
which suggests that the phonological representations of tones in one’s native
language may facilitate the establishment of non-native tone-to-meaning mapping.
Cooper & Wang (2013) compared naive Thai listeners, naive English listeners, and
English listeners with previous Cantonese tone training to learn five monosyllabic

22 Any primary stressed bimoraic syllable in Limburgian carries either accent 1 HL or accent
2 LHL (Gussenhoven, 2000b).
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real words (word-object associations) differing in five Cantonese tones (high-level,
high-rising, low-falling, low-rising and low-level). They found that after learning,
Thai listeners and the tone-trained English listeners performed equally well, better
than non-tone trained English listeners, in a picture matching task where they had to
choose the picture corresponding with each word they heard. Thai listeners were
especially good at identifying words carrying Cantonese high-rising, high falling,
and high-level tones, which could be due to similar tonal counterparts in Thai. This
suggests that tone language listeners may have relied on specific lexical pitch
representations in the native language to build non-native tone-to-meaning mapping
in word learning (Cooper & Wang, 2013).

The abovementioned studies have shed some light on the influence of native
word prosody, whether facilitation or interference, on the encoding of non-native
pitch contrasts when naive listeners are establishing lexical representations. In
addition to the influence of native word prosody, it has also been shown that
prosodic features at the utterance level come into play in building sound-to-meaning
associations in word learning. Braun et al. (2014) examined Japanese, German, and
French listeners as well as Mandarin controls learning non-words that differed in
Mandarin tones with paired objects. They used two disyllabic non-words with four
tones (Mandarin high-level, rising, dipping, and falling tones) and rising tone fixed
on the second syllable. They found that German listeners outperformed French and
Japanese listeners in judging whether the picture matched the word in a “tonal-
mismatch condition” where the word did not match the object. Interestingly,
Japanese listeners whose native language has a restricted tone system did not differ
from French listeners who do not use any prosodic cues lexically (Rossi, 1980; Di
Cristo, 1988; Vaissi&e, 1991), both showing no sensitivity to the tonal contrasts in
lexical encoding. According to Braun et al. (2014), the differences between German
listeners and French and Japanese listeners in word learning can be attributed to the
inventory of pitch contrasts at the utterance level. German has a richer inventory of
pitch accent types than Japanese and French. French and Japanese listeners relied
little on pitch variation to signal post-lexical contrasts (Abe, 1998; Post, 2000; Turco
et al. 2012; Asano & Braun, 2011), which can account for their limited ability to
encode non-native tonal contrasts in the mental lexicon. Braun et al. (2014) argue
that it is the prosodic features at the utterance level in the native language rather
than the word level that can be beneficial for building non-native tone-to-meaning
mapping at the lexical level.

Previous studies, as discussed above, have underscored the influence of native
prosody at the word level and/or at the utterance level on the encoding of non-native
pitch contrasts in building mental representations in sound-to-meaning mapping.
However, these studies have mainly focused on the encoding of non-native tones in
monosyllables when building sound-to-meaning associations. Comparatively,
another word prosodic cue, position, has been given less attention. How will
listeners with the use of positional marking in the native language perform in
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encoding non-native lexical pitch (tones) occurring in different positions in word
learning? What about listeners whose native language does not use positional
marking but does make use of lexical pitch?

Studies on the encoding of position at the lexical level have mainly investigated
spoken word recognition, including investigation into whether listeners who use
positional marking, e.g., Japanese and Dutch listeners, can exploit positional cues in
native word recognition (for Japanese: Otake & Cutler, 1999; Sekiguchi & Nakajima,
1999; Shibata & Hurtig, 2008; Goss, 2015; for Dutch: Van Heuven, 1985; Van
Heuven, 1988; Jongenburger & Van Heuven, 1995a; Jongenburger & Van Heuven,
1995b; Van Leyden & Van Heuven, 1996; Jongenburger, 1996; Van Kuijk et al.,
1996; Quené& Kaoster, 1998; Cutler & Koster, 2000; Koster & Cutler, 1997; Cutler
& Van Donselaar, 2001; Van Donselaar et al., 2005) and how native prosody (with
or without positional marking) affects the processing of non-native positional cues
(e.g., lexical stress) in L2 word recognition (Archibald, 1997; Cooper et al., 2002;
Zhang & Francis, 2012; Connell et al., 2018). Findings from these studies show that
listeners with lexical positional marking, i.e., Dutch and Japanese listeners, can
exploit positional marking in lexical activation in their native languages (Dutch: Van
Heuven, 1988; Cutler & Donselaar, 2001; Japanese: Otake & Cutler, 1999;
Sekiguchi & Nakajima, 1999). Dutch listeners were found to benefit from the native
positional marking to recognize words signaled by non-native positional cues (i.e.,
English) in L2 studies (Cooper et al., 2002). Moreover, there is evidence showing
that listeners who do not use position but do use tones lexically in the native
language, e.g., Mandarin listeners, were able to employ positional information
(stressed vs. unstressed, without vowel reduction) in L2 word recognition in English
(Connell et al., 2018). These studies have centred on L2 encoding of positional cues
in word recognition, and mainly on L2 learners who have already achieved an
advanced level which can be regarded as an “end-state” of acquisition. However, it
remains unclear how naive listeners with or without positional cues encode non-
native tones in different positions in building lexical representations in word
learning. More specifically, it is unknown what role native word prosody plays in
the lexical encoding of non-native tones in different positions, i.e., whether listeners
with the use of positional marking will draw upon positional sensitivity to encode
non-native tones at specified positions and whether listeners without the use of
positional marking but with lexical pitch will be impeded in the encoding of non-
native tones occurring in different positions.

Taken together, the goal of the present study is to explore, from a cross-
linguistic perspective, to what extent native word prosody (and/or intonation
prosody if there is any) comes into play in the encoding of non-native tones
occurring in different positions in sound-to-meaning mapping in word learning by
addressing the following questions:
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1) Will native word prosody (and/or native intonation system if there is one)
facilitate the encoding of non-native WPCs in building lexical representations in
word learning? How will the three groups differ in word learning?

2) What language specific patterns will Mandarin, Japanese, and Dutch
listeners show with respect to the encoding of non-native WPCs (non-native tones
occurring in different positions position) in word learning? Will they share
commonalities in sound-to-meaning mapping?

3) Will position influence, i.e., interfere or enhance the encoding of, non-native
WPCs in word learning for each language group? To what extent will position
interact with the processing of non-native pitch contrasts in word learning?

To that end, a picture selection task will be used in which listeners have to first
learn sets of words (non-native tones, i.e., level or contour tones occurring on the
initial or final syllable in disyllabic non-words) paired with fantasy pictures and later
choose the correct pictures corresponding to the words they hear. Empirical
predictions were made by and large according to the same hypotheses used in the
previous two chapters (perception of non-native WPCs at the acoustic and
phonological levels, respectively). That is, the Functional Pitch Hypothesis
(Schaefer & Darcy, 2014), the Feature Hypothesis (McAllister et al., 2002), and an
approach based on perceptual weighting of pitch features in long-term memory
storage (Francis et al., 2008; Lee et al., 1996; Xu et al., 2006) were proposed not
only to account for non-native speech perception but also for L2 tone acquisition
which entails that these hypothesis may be carried over to processing involving
phonological and lexical information (see 8.1 for details). Moreover, the above-
mentioned hypotheses were proposed and attested in terms of the native phonology,
specifically, word prosody. However, Braun et al. (2014) proposed that native
intonation prosody, rather than native word prosody, would influence the encoding
of non-native tones in building lexical representations in word learning. For this
reason, we will make predictions based on these hypotheses in light of both native
word prosody and native intonation prosody. Corresponding to the research
questions, the predictions for processing non-native tones occurring in disyllables
are as follows:

la) Based on the Feature Hypothesis (McAllister et al., 2002), Japanese
listeners (who use position of pitch accent lexically) will overall outperform Dutch
listeners (who use position of lexical stress) and Mandarin listeners (who use lexical
tones) in the encoding of non-native tones in establishing sound-to-meaning
mapping in word learning.

1b) Alternatively, based on the Functional Pitch Hypothesis (Schaefer & Darcy,
2014), Mandarin listeners and/or Japanese listeners will encode non-native tones
better than Dutch listeners in word learning.

1c) The influence of intonation prosody (Braun et al., 2014) proposes that a
larger repertoire of pitch contrasts at the utterance level will predict better encoding
of non-native tones in word learning. It is notable that cross-linguistic comparison
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among the size of pitch contrasts in intonation in Braun et al. (2014) is made on the
grounds of ToBI (Tone and Break Indices) (Pierrehumbert & Beckman, 1986).
Hence the prediction made here will follow the ToBI convention.

Table 4.1 shows the pitch contrasts at the utterance level in the three language
groups. According to Dutch-ToBl (ToDIl) (Gussenhoven, 2005), the Dutch
intonation system has a rich inventory of pitch contrasts. It has three initial boundary
tones (%L, %H, and H%L), three final boundary tones (L%, H%, and %), and eight
pitch accents (nuclear tones) (H*L, 'H*L, H*, H*IH, L*H, L*, L*HL and L*'HL)
(Gussenhoven, 2005). In contrast, Japanese uses one initial boundary tone (%L), two
final boundary tones (L%, HL%), and one pitch accent (H*L) (Pierrehumbert &
Beckman, 1988). Note that pitch contrasts in intonation in Braun et al. (2014)
include pitch accent types, initial boundary tones, final boundary tones, initial phrase
accents, and final phrase accents. ToDI differs from the two-phrase intonation
structure (intermediate phrase and intonational phrase) proposed in Beckman &
Pierrehumbert (1986) and J-ToBI for Japanese (Pierrehumbert & Beckman, 1988). It
uses only intonational phrase structure (see Gussenhoven & Rietveld, 1992; Van den
Berg et al., 1992; Gussenhoven, 2005 for details) and thus the pitch contrasts of
initial phrase and final phrase boundary tones are not compared here.

The ToBI for Mandarin is complex, with more structures (eight tiers instead of
two-phrase structures) (Li, 1997; Li et al., 1999; Li, 2002; Peng et al., 2005)
compared with ToBI. Despite some controversy regarding M-ToBI (Liu, 2009),
according to M-ToBI (Peng et al., 2005) Mandarin has two final boundary tones
(L%, H%), four initial boundary tones (%reset, %gq-raise, Yoe-
prom, %compressed),” and the nuclear tones are four lexical tones plus one neutral
tone. Comparing the inventory of pitch contrasts in intonation among the three
language groups, Mandarin and Dutch each has a larger size than Japanese. This as a
result predicts that Mandarin and Dutch listeners will encode non-native tones
occurring in different positions better than Japanese listeners.

Table 4.1. Pitch contrasts in intonation in each language.

Dutch (ToDlI) Japanese (J- Mandarin (M-
(Gussenhoven, ToBI) ToBI)
2005) (Pierrehumbert  (Peng et al., 2005)
&  Beckman,
1988)
Pitch accent 8 (H*L, 'H*L, 1 (H*L) 5 (H, LH, L, HL,
types (nuclear H*, H*!H, L*H, neutral tone)
tones) L*, L*HL,
L*IHL)

2B n Li (2002), Mandarin has three initial boundary tones, %d, %r, %l (cf. Li, 1997; Li et al.,
1999).
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Initial boundary 3 1 4
tones (%L, %H and (%L) (Yoreset, %q-
H%L) raise, %e-
prom, %compresse
d)

Final boundary 3 (L%, H%, %) 2 (L%, HL%) 2 (L%, H%)
tones

2) Based on the proposal of relative perceptual weighting of tonal features
(Francis et al.; Lee et al., 1996; Xu et al., 2006), listeners store long-term memory
representations of pitch-based phonological categories (tone and/or intonation) in
the native language. These stored pitch representations in the native language
determine listeners’ assignment of relative weight to specific perceptual features of
tones in cross-linguistic tone perception and tone acquisition. Accordingly,
Mandarin listeners are predicted to be better at encoding non-native contour tones
than level tones in word learning since Mandarin uses contrastive contour tones
(three contour tones) but not contrastive level tones (only one level tone). In contrast,
Dutch does not use lexical tones. The pitch-based phonological categories Dutch
listeners store long-term are intonation patterns. Specifically, Dutch listeners may
have stored intonational nuclear tones consisting of H and L tones (Gussenhoven,
2004, 2005), which may cause them to be more sensitive when encoding non-native
level tones compared to non-native contour tones in word learning. Japanese
listeners are predicted to encode non-native level tones better than contour tones
because the accentual patterns in Japanese prosodic words (determined by the
presence/absence and the location of the pitch accent) consist of H and L tones
(Poser, 1984; Vance, 1987; Kubozono, 2008; Kawahara, 2015).

3) Mandarin does not use contrastive positional cues but does use lexical tones
at the word level. Due to a lack of positional marking in the native language,
Mandarin listeners may solely make use of native tonal categories to encode non-
native tones in word learning. Thus, Mandarin listeners are predicted to show no
preference for any position when lexically encoding non-native tones.

In contrast, Dutch does not use lexical tones but does use word stress for lexical
contrast. The default position for lexical stress in Dutch is prefinal, which
corresponds with the initial position in disyllabic words (Kager, 1989; Trommelen &
Zonneveld, 1999). However, final stress occurs in Dutch disyllables as well. Thus,
Dutch listeners are predicted to prefer word-initial position to word-final position in
processing non-native tones in word learning.

Japanese uses the presence/absence and the location of pitch accent at the word
level. n-mora words theoretically have n+1 possible accentual patterns (McCawley,
1968; Akinaga, 1985; Haraguchi, 1999; Uwano, 1999). It is observed that all
accentual patterns exist in bimoraic words, among which the initial-accent is
prevalent in 2-mora words in Japanese (Sato, 1993; Kitahara, 2001). Due to the
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influence of native accentuation, Japanese listeners are predicted to favour word-
initial position over word-final position in word learning.

4.2. Method
4.2.1 Subject

The participants were the same as in Chapters 2 and 3. Dutch and Mandarin
participants participated in the present study nearly nine months after the
phonological experiment in Chapter 3. Japanese participants participated in the
study nearly one and a half months after the previous one.

4.2.2 Stimuli

In Chapter 3, we used Cantonese tonal contrasts T3-T6 (pitch level contrast), T4-T5
(pitch contour contrast), and T4-T6 (pitch contour vs. pitch level) (see Figure 4.1 for
Cantonese tones) to investigate the perception of non-native pitch contrasts in
different positions at the phonological level. The present study will continue to use
T3, T4, T5, and T6, two contrastive level tones and two contrastive contour tones.

300
250{ Tlr ;
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Figure 4.1. Cantonese tones (Qin & Mok, 2013).

Two monosyllables /ku/ and /pi/ carrying the Cantonese tones T3, T4, T5 and
T6 were produced in isolation in Praat (Boersma & Weenink, 2008) six times each
by a female native speaker of Cantonese who is a well trained phonetician. Three
tokens of the best quality for each tonal syllable were selected and all of the tokens
were adjusted to 300 ms with 70 dB in Praat. The monosyllables were concatenated
to the disyllabic non-word /kupi/ (625 ms in total, 25ms interval of silence, see
Appendix A for naturalness rating), a word that does not exist in any of the three
languages. T4, T5, and T6 were the target tones to be investigated in the study. T3
(mid level tone) was used as the contextual tone as in Chapters 2 and 3, since T1
(high level tone) as the contextual tone was more acoustically salient than the other
tones (Qin & Mok, 2013; Wong, 2019) while T6 (low level tone) as the contextual
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tone caused perceptual confusion when the target tone was T5 as reported in Chapter
2. All of the T4, T5, and T6 tokens occurred in word-initial (first syllable) and word-
final (second syllable) positions. In total, the non-word /kupi/ carried six target tonal
patterns: T4T3, T5T3, T6T3, T3T4, T3T5, and T3T6. In addition, /kupi/ with a
T3T3 tonal pattern was used as a “baseline” word since it contained the same two
level tones, which had been shown as the easiest to learn in a pilot study. Moreover,
T3T3 could form pitch level contrast with T6T3 or T3T6, i.e., T3-T6 contrast in
word-initial and -final position, respectively. It could also form pitch level vs. pitch
contour contrast with T4T3, T5T3, T3T4 and T3T5, i.e., T3-T4 contrast and T3-T5
contrast in word-initial and -final position, respectively.

The stimuli design is shown in Table 4.2. The seven words were contrastive
either in pitch or in position and each word was paired with a picture of a fantasy
object, as shown in Table 4.3. We didn’t use pictures of real objects S0 as to avoid
interference (if any) from words representing the real objects in the native languages.

Table 4.2. Stimuli: Non-words in tonal patterns paired with fantasy objects

word /kupi/ tonal pattern presented with fantasy object

Word 1 T4T3 %

Word 2 T5T3
A
Word 3 T6T3 S0
(%)
| 7
Word 4 T3T4 4‘4‘
- '4
Word 5 T3T5 +
oL I
b |\ O
Word 6 T3T6 %\i‘é.
s

Word 7 T3T3
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Table 4.3. Non-native pitch contrasts and positional contrasts formed by stimuli

Pitch contrasts Tonal pattern Positional Tonal pattern
contrasts

Pitch contour contrast T4T3 vs. T5T3 o T4T3 vs. T3T4
T3T4 vs. T3T5 Word-initial T5T3 vs. T3T5

T4T3 vs. T6T3 vs. word-final

T4T3 vs. T3T3

T5T3vs. T3T3

Pitch contour vs. T5T3vs. T6T3
pitch level contrast T3T4 vs. T3T3
T3T4vs. T3T6

T3T5vs. T3T3

T3T5vs. T3T6

T6T3 vs. T3T6

Pitch level contrast T6T3 vs. T3T3
T3T6 vs. T3T3

4.2.3 Procedure

The experiment was programmed and conducted in ZEP (Veenker, 2012) on an
experiment laptop. Dutch and Chinese listeners participated in the experiment in the
phonetics lab at UiL-OTS. Japanese listeners participated in a sound-attenuated
room in the Education and Research Centre in International Christian University in
Tokyo.

The experiment contained five sessions: a learning session, a practice session, a
pre-test session, a test session, and a post-test session. During the learning session,
participants were instructed to learn seven “new words” (non-words) in a foreign
language that differed only in “melody”. The instructions were the same for all
listeners and were presented in both English and the native language (See Appendix
F for details.) The listeners were instructed to learn the words and the paired pictures
together to form word-picture associations. Seven buttons, from 1 to 7, representing
the seven words were shown on the screen, as shown in Figure 4.2. Each time a
participant clicked on a button (using a mouse) the corresponding picture popped up.
Participants could listen to the seven words as many times as they wanted until they
were certain that they had learned the words with the paired pictures and were ready
to proceed to the practice session. The learning session was self-paced. There was
no time pressure in the learning session.



Chapter 4 107

(5 (2] 31 o (= (o] 20

Figure 4.2. Layout with stimuli presented in the Ieafning session.

In the practice session, the participants heard a word while simultaneously
seeing a picture. They were required to judge whether the word and the picture
matched or not. The practice session consisted of 21 trials, three repetitions of each
word. All of the trials were randomized. The participants had to meet the criterion of
making at least 13 out of 21 correct responses in total (over 60% accuracy rate) to
proceed to the pre-test session. If they failed to reach this criterion, they were
required to go back to the learning session to learn the words again (for a maximum
of 6 times). The total number of times that each participant was trained in the
practice session was recorded.

In the pre-test session, the participants heard a word while simultaneously
seeing four pictures on the screen. They were required to choose the picture that
corresponded to the word they heard by pressing the corresponding button on a four-
button button box. They were told that they should respond only once they were
certain instead of hurrying to respond. After the participants made a response, they
automatically proceeded to the next trial. Feedback on whether or not the response
was correct appeared immediately after each response. The correct answer was
signalled by a check mark. If a participant responded incorrectly, the incorrect
answer was signalled by a cross and the correct answer (the picture) would be shown
in a red circle. The pre-test session contained 4 trials in total. The aim of the practice
session was to give listeners an idea about the test session, and thus the four pictures
displayed on the screen included one target word (the correct answer) and three
other randomized pictures.

Following the pre-test session, the test session was administered. The procedure
of the test session was the same as the pre-test session. Participants had to choose
the correct picture (out of four) that paired with the word they heard simultaneously.
However, no feedback was provided after their response in the test session. They
were told to make the correct response as soon as possible. The four pictures were
always presented to contain one target picture (the target tone) representing the
correct answer, one tonal competitor (contrastive in pitch), one positional competitor
(contrastive in position), and one distracter that was neither contrastive in position
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nor in pitch. Take the target word /kupi/ carrying tonal pattern T3T4 (T4 on the
word-final position), for example. The picture representing T3T4 could appear
together with one tonal competitor (T3T5, contrastive in pitch contour with T3T4),
one positional competitor (T4T3, contrastive in position with T3T4), and one
distracter (T6T3, neither contrastive in position nor pitch), as displayed in Figure 4.3
(see Appendix E for detailed stimuli list). The order of the pictures placed on the
screen was counterbalanced. The seven non-words were tested three times in a semi-
randomized order with exclusion of identical sequences, resulting in 21 trials in total.

)

target word /kupi/ (T3T4) positional competitor/kupi/ (T4T3)

©
e
n\gv/

tonal competitor /kupi/ (T3T5) distractor /kupi/ (T6T3)

Figure 4.3. Layout with stimuli presented in the pre-test/test session.

In the post-test session, a judgment task similar to the one used in the practice
session was administered. The participants heard a word and simultaneously a
picture popped up on the screen. They were required to judge whether the word they
heard matched the picture or not, without time pressure. The aim of the post-test was
a “double-check” to make sure that they had managed to learn the words.

In addition, two types of working memory capacity tests, a backward digital
span test and a phonological memory test, were conducted immediately after the
experiment. Both the tests were presented auditorily. The digital span test consisted
of two sets of numbers from a string of 2 digits to 8 digits (see Appendix D for
details). Participants were required to repeat the string of the digits in backward
order. The phonological memory test contained two sets of syllables from a string of
two to seven syllables (see Appendix D for details). Participants were required to
repeat the syllables in the string in the correct order. All of the numbers and
syllables were the same across participants. All of the numbers were recorded in the
participants’ native language by three female native speakers of Dutch, Mandarin,
and Japanese, respectively. The interval between each number and each syllable was
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1s. The syllables were produced with a flat tone by a female native speaker of
Cantonese. All of the speakers are well-trained phoneticians.

4.3 Results and discussion
4.3.1 Performance across groups in the picture selection task

4.3.1.1 Performance of word identification

Correct and incorrect responses were coded as 1 and 0, respectively. To compare
word identification performance across the three groups, a generalized Linear Mixed
Model (GLMM) was conducted in SPSS 25. Word (7 levels: 7 words) and Language
(3 levels) were taken as fixed factors. Participants and items were added to the
model as random effects (random intercepts). Moreover, the number of times needed
by the participants in the practice session to proceed to the pre-test session was
recorded in Table 4.4. It can be seen that the number of times to meet the criterion
by Dutch participants varied from one to four times. Half of the Dutch participants
needed two times to proceed to the test phase, while the majority of Japanese and
Mandarin participants needed only one time. Performances on the working memory
test, the backward digital span test, and the phonological memory test, respectively,
were calculated in each language group, as reported in Table 4.5. We were not
interested in how the language groups differed with respect to the memory test or the
time spent on the practice session, but instead whether the two factors, i.e., the
number of times necessary to proceed to the pre-test session and the results of the
memory test, correlated with their performance on the word identification task.
Therefore, the number of times needed in the practice session and the result of the
memory capacity test (both backward digit span and phonological memory) were
taken as covariates in the GLMM.

Table 4.4. Number of times needed in the pre-test to proceed to the test phase in
each language group

Number of participants in Number of pre-test times needed to proceed to

each language group the test phase

one two three four
Dutch 9 15 5 1
Japanese 22 6 2

Mandarin 26 4
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Table 4.5. Working memory capacity test for each language group.

Backward digit span

Language group Mean accuracy Std. deviation Std. Error
Dutch 82.13% 0.079 0.145
Japanese 81.77% 0.112 0.020
Mandarin 94.47% 0.066 0.012
Phonological memory
Language group Mean accuracy Std. deviation Std. Error
Dutch 72.33% 0.087 0.016
Japanese 85.90% 0.060 0.011
Mandarin 80.53% 0.094 0.017

The F-tests showed that both Word (F (6, 1,869) = 6.694, p < 0.001) and
Language (F (2, 1,869) = 15.369, p < 0.001) had significant main effects, as
presented in Table 4.6, indicating there were differences across words and across
groups. No interaction between Word and Language was found (F (12, 1,869) =
1.478, p = 0.125), suggesting that Word performance did not differ depending on
the Language groups.

Table 4.6. Parameters of fixed effects and random effects in word identification.

Fixed effects F df p
Language group 15.369 2 <0.001
Word 6.694 6 <0.001
Language group * Word 1.478 12 0.125
Covariates

Backward digit span 0.007 1 0.314
Phonological memory 1.014 1 0.936
Number of pre-test time needed to 0.185 1 0.668
proceed to the test phase

Random effects Est. Std. Error Z p

1| Participant 1.045 0.219 4.769 <0.001
1| Item 0.018 0.066 0.278 0.781

Figure 4.4 displays the performance of each language in each word. All three
groups performed above chance level (1/4, 25%). Overall, Dutch listeners performed
significantly worse than Mandarin (F (2, 1,869) = 14.479, p < 0.001) and Japanese
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listeners (F (2, 1,869) = 14.479, p < 0.001), while the latter two groups did not
differ from each other (F (2, 1,869) = 1.957, p = 0.838). Word 7 (T3T3) showed an
overall significantly better accuracy than the other words (F (6, 1,869) = 7.082, all p
values <0.05) except for in the comparison to Word 4 (T3T4) (F (6, 1,869) = 1.313,
p = 0.102). Despite there was no significant interaction found between Language
and Word, GLMM analysis was conducted for each language group for exploratory
purposes to examine how the groups performed regarding specific words. Dutch
listeners was found to perform significantly better at identifying Word 4 (T3T4)
(nearly 58.2% accuracy) and Word 7 (T3T3) (71.25% accuracy) compared to the
other words, with accuracy around 40% to 50% (F (6, 623) = 5. 929, all p < 0.05).
Japanese listeners showed a similar performance pattern to Dutch listeners. They
had comparable performance identifying Word 4 (85.9% accuracy) and Word 7
(89.0% accuracy), which was significantly better than the other words (F (6, 623) =
6.504, all p < 0.05) (except for Word 2, F (6, 623) = 1.917, p = 0.122).

Mandarin listeners showed an overall performance with around 80% accuracy
learning all words except for Word 6 (T3T6), for which accuracy dropped to 65.2%.
Unlike Dutch and Japanese listeners, Mandarin listeners had more difficulty
identifying Word 6 (T3T6) than the other words (F (6, 623) = 4.763, all p < 0.05),
except for Word 3 (T6T3) which was just as troublesome as Word 6 (F (6, 623) =
1.153, p = 0.184). Word 7 (T3T3) was only advantageous over Word 6 (T3T6) (F (6,
623) = 3.431, p = 0.022) to Mandarin listeners when learning sound-to-meaning
associations.
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Figure 4.4. Performance of each language group in word identification. Error bar:
95% CI1.*

24 The error bar in the dissertation refers to 95% CI.
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Moreover, the backward digital span test (F (1, 1,881) = 0.007, p = 0.314) and
the phonological memory test (F (1, 1,881) = 1.014, p = 0.936) were both found not
significant. Language did not interact with either the phonological memory test (F (2,
1,881) = 0.322, p = 0.725) or the backward digital span test (F (2, 1,881) = 0.006, p
= 0.994), suggesting that the working memory capacity did not influence listeners’
performance in word learning. The number of practice session times that the
listeners attended was found insignificant (F (1, 89.88) = 0.185, p = 0.668) and it did
not interact with Language (F (3, 89.88) = 0.281, p = 0.286). This indicates that the
number of times participants attended the practice session to meet the passing
criterion did not correlate with their performance in word learning.

To summarize, the three languages groups overall differed in their word
identification performance. Mandarin and Japanese listeners performed comparably
well and both outperformed Dutch listeners with respect to identifying novel words.
Overall, Word 7 (T3T3) was the easiest to learn. The three groups also displayed
specific learning patterns based on analysis of exploratory purposes. Mandarin
listeners seemed struggle when learning Word 6 (T3T6) and Word 3 (T6T3), while
they were good at identifying all the other words. In contrast, Dutch and Japanese
listeners displayed a similar pattern in that both groups were better at identifying
Word 7 (T3T3) and Word 4 (T3T4) compared to other words. In addition, neither
the number of times they spent in the practice session before proceeding to the pre-
test session nor their memory capacity had any correlation with their word
identification performance. Note that the current results about the specific learning
pattern of the words should be taken with caution, considering the interaction
between word and language group was not significant.

4.3.1.2 Error types in word identification

To further disentangle the performance of each language group in word
identification, we recorded the errors each participant made for each word and
categorized the errors listeners made into three types: tonal error (choosing the
wrong word contrastive in pitch), positional error (choosing the wrong word
contrastive in position) and irrelevant error (choosing the wrong word that is
irrelevant to the target response), as shown in Table 4.7. The transcribed error type
of each participant for each word was analyzed in a generalized linear multinomial
analysis in SPSS 25. Language (3 levels) was taken as fixed factor and error type
was computed as dependent target in the model. The F-tests showed that Language
was found significant (F (9, 1,887) = 39.921, p < 0.001), suggesting that language
groups differ from each other in error types.
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Table 4.7. Error type in word learning.

Error type Example
(e.g., target response T3T4)
Tonal error Choosing the wrong word T3T5
contrastive in pitch
Positional Choosing the wrong word TAT3
error contrastive in position
Irrelevant Choosing the wrong word that is T6T3
error irrelevant to the target response

As shown in Figure 4.5, Mandarin listeners displayed 12.97% tonal errors, 4.92%
positional errors, and 1.22% irrelevant errors (among a total error rate of 19.12%).
Japanese listeners had 13.40% tonal errors, 5.02% positional errors, and 1.40%
irrelevant errors (among a total error rate of 19.82%). The two groups did not differ
significantly from each other in all the error types (tonal error type: F (2, 1,887) =
9.686, p = 0.867; positional error type: F (2, 1,887) = 2.183, p = 0.960; irrelevant
error type: F (2, 1,887) = 3.144, p = 0.729). In contrast, Dutch listeners made more
errors than Mandarin and Japanese listeners, with 30.81% tonal errors, 9.64%
positional errors and 5.05% irrelevant errors (with a total error rate of 45.51%).
Specifically, Dutch listeners were observed to make significantly more tonal errors
than Mandarin (F (2, 1,887) = 9.686, p < 0.001) and Japanese listeners (F (2, 1,887)
= 9.686, p < 0.001), suggesting that they were more confused by the non-native
pitch contrasts and had more trouble encoding non-native tones, compared with
Japanese and Mandarin listeners. Moreover, Dutch listeners made significantly more
irrelevant errors than Mandarin (F (2, 1,887) = 3.144, p = 0.013) and Japanese
listeners (F (2, 1,887) = 3.144, p = 0.016). This indicates that, in comparison with
Mandarin and Japanese listeners, they showed more tendency to choose the wrong
word that was irrelevant (neither contrastive in tone nor position) to the correct
answer. The three groups didn’t show any difference with respect to positional
errors (F (2, 1,887) = 2.183, p = 0.051). Note that since the p value was marginal,
we are unable to draw the conclusion that the three groups differed with respect to
making positional errors.

Furthermore, as can be seen in Figure 4.5, within each language group, tonal
errors were made significantly more than the other two error types (Dutch listeners:
F (2, 629) = 7.311, all p <0.05; Mandarin listeners: F (2, 629) = 3.358, all p < 0.05;
Japanese listeners: F (2, 629) = 3.050, all p < 0.05), suggesting that each language
group was more confused by the tonal competitor than the positional competitor or
distracter when identifying words.
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Figure 4.5. Error types for each language group in word learning.

Table 4.8 additionally provides a detailed scenario of the confusion in word
identification for Dutch, Mandarin, and Japanese listeners based on their error
responses. In each language group, the leftmost column contains the target words
(the correct response); the top row refers to the words chosen as the wrong answer
(error responses). The figure in each cell represents the proportion of error responses
among all errors made for the word.

As can be seen in Table 4.8, in general, Dutch listeners tended to misidentify
Word 1 (T4T3) as Word 3 (T6T3) and Word 4 (T3T4) as Word 6 (T3T6). They
mostly confused Word 2 (T5T3) with Word 1 (T4T3), Word 5 (T3T5) with Word 1
(T3T4), and Word 3 (T6T3) with Word 7 (T3T3), while they misidentified Word 5
(T3T5) mostly as Word 2 (T5T3) and Word 6 (T3T6) as Word 3 (T6T3). From the
misidentified words we see that Dutch listeners were most confused by the non-
native tonal contrast T4-T6, T4-T5, and T3-T6 or otherwise the position where the
non-native tones occurred (e.g., T3T4 vs. T4T3). Moreover, Table 4.8 provides
details regarding the irrelevant error types Dutch listeners made. Apart from the
tonal and positional errors they made, the proportion of the error response within the
irrelevant errors seems to be random.

Unlike Dutch listeners, Mandarin listeners made very few irrelevant error types.
Among the overall low error rates for each word (around 20%) presented in Figure
4.5, Mandarin listeners were mostly confused by the words that were contrastive
either in pitch or in position. For instance, they mostly misidentified Word 1 (T4T3)
as Word 3 (T6T3), Word 2 (T5T3) as Word 1 (T4T3), Word 5 (T3T5) as Word 4
(T3T4), Word 3 (T6T3) as Word 7 (T3T3) (tonal confusion), and Word 2 (T5T3) as
Word 5 (T3T5) (positional confusion).

Japanese listeners showed a similar pattern to Mandarin listeners with respect
to word confusion. They mostly misidentified the word as the counterpart
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contrastive in pitch contrast or in position. For instance, they misidentified Word 1
(T4T3) as Word 3 (T6T3) and Word 2 (T5T3), Word 2 (T5T3) as Word 1 (T4T3),
Word 3 (T6T3) as Word 7 (T3T3), Word 5 (T3T5) as Word 4 (T3T4) (tonal error),
Word 5 (T3T5) as Word 2 (T5T3) and Word 1(T4T3) as Word 4 (T3T4) (positional
error).

In conclusion, among the errors the listeners made in word identification, all of
the groups show more errors in tonal error type than positional and irrelevant error
types. That is, they all tended to misidentify the target word as the counterpart that
was contrastive in pitch. This suggests that for each language group, pitch was a
relatively dominant factor that influenced listeners in word learning. For instance,
Mandarin listeners were likely to misidentify Word 6 (T3T6) as Word 7 (T3T3);
Dutch listeners showed tendency to misidentify Word 1 (T4T3) as Word 2 (T5T3)
or Word 3 (T6T3); Japanese listeners confused Word 1 (T4T3) with Word 3 (T6T3).

Differences in error types were also found across language groups. Mandarin
and Japanese listeners did not differ significantly from each other with respect to
error types. In contrast, Dutch listeners made more tonal errors than Mandarin and
Japanese listeners, suggesting that they were less capable of encoding non-native
tones when establishing lexical representations. They were observed to produce
more irrelevant errors than Mandarin and Japanese listeners as well, which indicates
that, compared with Mandarin and Japanese listeners, they showed a stronger
preference for a distracter that was neither contrastive in pitch nor in position to the
target word when confused. This suggests that Dutch listeners encountered greater
difficulty encoding non-native tones in building sound-to-meaning associations in
word learning. Note that we are unable to conclude that Dutch listeners made more
positional errors than Mandarin and Japanese listeners as the difference was
marginal (p=0.051).

Table 4.8. Word identification confusion matrices for each language group.

Dutch listeners
Error response (%)

Target Wordl Word2 Word3 Word4 Word5 Word6 Word?7
T4T3 T5T3 T6T3 T3T4 T3T5 T3T6 T3T3

Word 1 correct 21.57 39.21 15.69 1.97 15.69 5.89

(T4T3)
Word 2 36.53  correct 30.77 5.77 26.92 1.92 0
(T5T3)
Word 3 25.50 17.31  correct 3.92 11.77 19.61 23.08
(T6T3)
Word 4 17.95 2.56 7.69 correct 38.46 25.64 7.69
(T3T4)
Word 5 9.30 27.91 9.30 30.23  correct 23.25 0

(T3T5)




116 Processing of non-native WPCs in word-learning

Word 6 9.68 6.45 25.81 32.25 22.58 correct 3.22
(T3T6)
Word 7 36.36 9.09 18.18 9.09 9.09 18.18  correct
(T3T3)

Mandarin listeners
Error response (%)

Target Wordl Word2 Word3 Word4 Word5 Word6 Word7
T4T3 T5T3 T6T3 T3T4 T3T5 T3T6 T3T3

Word 1 correct 22.38 66.67 20.51 0 6.67 0
(T4T3)
Word 2 47.06  correct 0 0 52.94 0 0
(T5T3)
Word 3 0 0 correct 0 0 61.90 38.10
(T6T3)
Word 4 24 0 26  correct 10 40 0
(T3T4)
Word 5 0 50.82 0 49.18 correct 0 0
(T3T5)
Word 6 6.9 3.45 10.34 10.34 0 correct 68.97
(T3T6)
Word 7 0 0 50 0 0 50 correct
(T3T3)

Japanese listeners
Error response (%)

Target Wordl Word2 Word3 Word4 Word5 Word6 Word7
T4T3 T5T3 T6T3 T3T4 T3T5 T3T6 T3T3

Word 1 correct 17.86 64.29 10.71 0 7.14 0
(T4T3)
Word 2 52.63  correct 31.58 5.26 10.53 0 0
(T5T3)
Word 3 19.23 23.07 correct 0 11.53 19.23 26.92
(T6T3)
Word 4 38.46 0 15.38  correct 7.69 30.77 7.69
(T3T4)
Word 5 3.85 38.46 0 26.9 correct 30.77 0
(T3T5)
Word 6 4 4 24 20 20  correct 28
(T3T6)
Word 7 0 0 44.44 0 0 55.56  correct

(T3T3)
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4.3.1.3 Influence of tone and position on word identification

To better understand the influence of tone and position on performance among the
three groups, the target tones in Words 1 to 6 were T4, T5, and T6, which can be
categorized into 3 Tone categories. The target tones occurred word-initially and
word-finally, hence positions where the target tones occurred can be categorized into
2 Position categories. Tone (3 levels: T4, T5, and T6), Position (2 levels: word-
initial vs. word-final), and Language (3 levels) were taken as fixed factors, with
participants and items as random effects (random intercepts) in GLMM. Note that
T3 was not taken into the Tone category for analysis because the mid level tone T3
was not a target tone investigated in the current study but rather used as a contextual
tone in the initial or final position of disyllabic non-words. T3 in the “baseline”
word T3T3 could form a pitch level contrast (i.e., with low level tone T6 as T3-T6)
or pitch level vs. pitch contour contrast (i.e., with contour tones T4, T5 as T3-T4,
T3-T5).

Table 4.9 reports the parameters for fixed factors and random effects
(intercepts). The F-tests show that Tone (F (2, 1,612) =39.557, p<0.001) and
Language (F (2, 1,612) =16.694, p<0.001) are significant, indicating that overall
performance with respect to tones differed across language groups. Position had no
significant main effect (F (1, 1,612) =0.957, p=0.252), suggesting that there was no
difference in overall performance with respect to word-initial and word-final
position. Moreover, no interaction between Position and Language (F (2, 1,612)
=2.181, p=0.113) or between Tone and Language (F (4, 1,612) =1.147, p=0.333)
was found significant. A significant interaction was found between Tone and
Position (F (2, 1,612) =3.998, p=0.019), suggesting there were differences across
the identification of tones depending on positions.

Table 4.9. Parameters of fixed factors and random effects with regard to tone,
position, and language in word learning.

Fixed effects F df p

Language group 16.694 2 <0.001

Tone 39.557 11 <0.001
Position 0.957 2 0.252

Tone * Position 3.998 2 0.019
Language * Tone 1.147 4 0.333
Language * Position 2.181 2 0.113

Random effects Est. Std. Error z p

1 | Participant 0.280 0.116 2.412 0.016

1| Item 0.563 0.250 2.253 0.024
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Although there was no significant interaction among Language, Position and
Tone, for exploratory purposes, GLMM analysis was conducted for each language
with Tone (3 levels) and Position (2 levels) taken as fixed factors and participant and
item as random effects. Figure 4.6 displays the performance of Dutch listeners
identifying each tone in each position. As can be seen, Dutch listeners showed a
comparable performance encoding non-native tones in each position, with accuracy
around 40% to 50%. Tone (F (2, 534) = 0.42, p=0.658) and Position (F (1, 534) =
2.227, p=0.134) were found not significant. No interaction between Tone and
Position was observed in Dutch listeners (F (2, 534) = 1.304, p=0.272), suggesting
that position did not influence the encoding of non-native tones. Note that in Figure
4.6, accuracy identifying T4 in word-final position rose up to 57.4% from that in
word-initial position with 42.5%. However, statistically speaking, the difference was
marginal (p=0.055) and thus we are unable to draw a conclusion that Dutch listeners
preferred word-final position over word-initial position when encoding T4.

Unlike Dutch listeners, Mandarin listeners showed a different pattern in
encoding non-native tones in different positions, as shown in Figure 4.7. Tone (F (2,
534) = 3.716, p = 0.025) was found significant, suggesting that participants
performed differently across non-native tones. To be specific, Mandarin listeners
were worse at identifying T6 than T4 (F (2, 536) = 3.152, p = 0.005) and T5 (F (2,
536) = 3.091, p=0.007), while they had comparably good performance identifying
T4 and T5, both with around 80% accuracy (F (2, 536) = 0.372, p = 0.886). Position
was found insignificant (F (1, 534) = 0.730, p = 0.393) and did not interact
significantly with Tone (F (2, 534) = 0.526, p = 0.591), suggesting that position did
not influence Mandarin listeners” encoding of non-native tones lexically.

Figure 4.8 presents the performance of Japanese listeners’ identification of each
tone in each position. Different from Dutch and Mandarin listeners, for Japanese
listeners Tone (F (2, 534) = 1.303, p = 0.272) and Position were found insignificant
(F (1, 534) = 0.336, p = 0.336). However, Tone had a significant interaction with
Position (F (2, 534) = 4.236, p = 0.015). Overall, Japanese listeners showed
comparable performance identifying the non-native tones. Nonetheless, when
identifying T4, the non-native falling tone, Japanese listeners preferred word-final
position over word-initial position, with accuracy from 71% rocketing to 87%.
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To sum up, Mandarin and Japanese listeners were overall better than Dutch
listeners at encoding non-native tones occurring in different positions in word
identification in the picture selection task. The three groups seemed to show specific
patterns with regard to tone and position. Dutch listeners demonstrated comparable
performance encoding all the non-native tones and they were not influenced by the
position where the non-native tones occurred. Mandarin listeners were better at
encoding the non-native contour tones T4 and T5 than the level tone T6. They were
not influenced by position either. Differently, Japanese listeners showed a
preference for position when encoding non-native tones lexically. That is, they more
accurately identified T4 (the non-native falling tone) when it occurred word-finally
than word-initially, while they performed comparably when identifying T5 and T6
in each position. Note that the current results with regard to the pattern of each
language group should be taken cautiously, considering the interaction among tone,
position and language group was not significant.

4.3.1.4 Reaction time

Participants made responses via a four-button button box, which allowed us to
record the reaction time (RT) to evaluate performance making correct and incorrect
answers across language groups. RT was calculated as the time from the end of the
stimulus to the time when the response was made. Figure 4.9 depicts the RT for
correct and incorrect responses for each language group. The average reaction times
for a correct response in Dutch, Mandarin, and Japanese groups were 4856.13 ms,
4482.57 ms, and 3672.41 ms, respectively, while Dutch, Mandarin, and Japanese
listeners took 5428.24 ms, 6538.60 ms, and 4711.94 ms, respectively, to make an
incorrect response.
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Figure 4.9. Reaction time of each language group making correct and incorrect
responses.
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Since the distribution of raw RT data was not normally distributed, we
converted it logarithmically to get normally distributed data and analyzed them in a
linear mixed effects regression model with Language (3 levels) and Result (2 levels:
correct and wrong) as fixed factors and subject and item added as random effects.
The F-tests showed that Language (F (2, 89.670) = 3.570, p = 0.032) and Result (F
(1, 89.670) = 5.715, p < 0.001) had significant main effects, as reported in Table
4.10. Language interacted with Result (F (2, 89.670) = 23.001, p < 0.001),
indicating that the differences between RTs of correct and incorrect responses
depended on the language groups.

Table 4.10. Parameters of fixed factors and random effects for reaction time.

Fixed effects F df p

Language group 3.570 2 0.032

Result 5.715 1 <0.001
Language group * Result 23.001 2 <0.001
Random effects Est. Std. Error  z p

1 | Participant 0.163 0.028 5.844 <0.001
1] ltem 0.227 0.008 26.579 <0.001

Figure 4.10 presents the RT of correct and incorrect responses for each
language group (in logit). Post-hoc analyses indicate that Japanese listeners
responded significantly faster than Dutch listeners (F (2, 89.628) = 4.315, p = 0. 011)
but comparable to Mandarin listeners (F (2, 89.628) = 3.570, p = 0. 072) when
making a correct response, while Mandarin listeners did not differ from Dutch
listeners (F (2, 89.628) = 1.805, p = 0.417). In making an incorrect response,
Mandarin listeners reacted significantly more slowly than Japanese listeners (F (2,
76.791) = 3.817, p = 0.033). There were no differences between Mandarin and
Dutch listeners (F (2, 76.791) = 2.601, p = 0.089) or between Japanese listeners and
Dutch listeners (F (2, 76.791) = 1.235, p = 0.597).
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Figure 4.10. Reaction time for correct and incorrect responses for each language
group (in logit).

The RTs when making correct responses observed for each language group
were by and large in accordance with their performance reported in §.3.1.1.
Mandarin and Japanese listeners encoded non-native WPCs better than Dutch
listeners in word identification with faster response times, while Dutch listeners had
a lower accuracy and spent more time to make a correct response. This seems to
suggest that lexical pitch in the native language facilitates Japanese and Mandarin
listeners in building non-native pitch representations for word meanings. Notably,
Mandarin listeners showed longer reaction time than Japanese listeners when
making incorrect answers. Recall from the previous sections that the errors made by
Mandarin listeners were mostly in identifying words contrastive in pitch level (T3-
T6). Longer incorrect response time supports the conclusion that they experienced
difficulty encoding non-native pitch level contrasts in building lexical
representations.

4.3.2 Post-test judgment task

A post-test judgment task was administered so as to double check the word learning
performance of the listeners. A GLMM analysis was conducted in SPSS 25.
Language (3 levels) and Word (7 levels) were taken as fixed factors, with subject
and item added as random effects. The F-tests found Language to be significant (F
(2, 1,239) = 12.854, p < 0.001), as shown in Table 4.11, indicating overall
performance differences across language groups. In general, Mandarin listeners
(86.9% accuracy (F (2, 1,239) = 9.060, p < 0.001) and Japanese listeners (86.7%
accuracy) (F (2, 1,239) = 7.985, p < 0.001) were significantly better than Dutch
listeners (70% accuracy) at judging whether the word they heard matched the picture.
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A main effect of Word (F (6, 1,239) = 12.822, p = 0.091) was found not significant.
There was no interaction between Word and Language (F (12, 1,239) = 1.730, p =
0.055), indicating there were comparable differences across words and language
groups that do not differ depending on the words.

Figure 4.11 displays the performance of the three language groups in the
judgment task. It is notable that the accuracy of each word in each language group
reached above chance level (50%), indicating that all groups were able to distinguish
whether the sounds and meanings matched or not.

Table 4.11. Parameters of fixed effects and random effects in the judgment task.

Fixed effects F df p

Language group 12.854 2 <0.001

Word 1.822 6 <0.001

Language group * Word 1.730 12 0.055

Random effects Est. Std. Error z p

1 | Participant 0.314 0.125 2.506 0.012
1] ltem 0.462 0.290 1.593 0.111

1.001
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Figure 4.11. Post-test performance of each language group in the judgment task.
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4.4 General discussion

The present study applied a picture selection task to investigate the sound-to-word
mapping in word learning by Dutch, Mandarin, and Japanese listeners. It attempted
to further understand how and to what extent the native language could influence the
encoding of non-native WPCs (non-native tones occurring word-initially and word
finally) in the mental lexicon from a cross-linguistic perspective, by addressing 1)
how the three language groups differ from each other with respect to encoding non-
native WPCs in word learning, 2) whether the three groups display language specific
patterns or share commonalities when encoding non-native WPCs in word learning,
and 3) to what extent position interacts with the encoding of non-native tones in
each language group.

4.4.1 Overall performance across language groups in word learning

To start with, it was found that Mandarin and Japanese listeners encoded non-native
tones better than Dutch listeners in building sound-to-meaning associations, while
the former two groups displayed comparably good performance. The advantage
Mandarin and Japanese listeners have over Dutch listeners in word learning is
supported by prediction (1b), but not (1a) or (1c). Hypothesis (1a) was based on the
Feature Hypothesis (McAllister et al., 2002) that if a phonetic or phonological
dimension is not used to differentiate lexical meanings in the native language, it will
be difficult for naive listeners to perceive and acquire. Accordingly, Japanese
listeners (use of lexical pitch accent and positional marking) would be expected to
show advantage over Mandarin listeners (who use lexical tones) and Dutch listeners
(who use lexical stress) in encoding non-native WPCs lexically, which was rejected
by the current finding. (1c) predicted that Dutch and Mandarin listeners would
outperform Japanese listeners in word learning. This was in light of the influence of
prosody at the utterance level (Braun et al., 2014) that the larger inventory of pitch
contrasts in intonation will facilitate listeners to encode non-native tones in sound-
to-meaning mapping. Accordingly, Dutch enjoys three initial boundary tones, three
final boundary tones, and seven pitch accent (nuclear tones) types (Gussenhoven,
2005). Mandarin has four initial boundary tones, two final boundary tones, and five
lexical tones as nuclear tones (Peng et al., 2005). In contrast, Japanese has one initial
boundary tone, two final boundary tones, and one nuclear tone (lexical pitch accent)
(Pierrehumbert & Beckman, 1988). The larger repertoire of pitch contrasts in Dutch
and Mandarin intonation prosody would predict an advantage of Dutch and
Mandarin listeners over Japanese listeners in the encoding of non-native tones in
word learning, which is contradicted by the present findings.

Instead, prediction (1b) held, based on the Functional Pitch Hypothesis that the
functionality of pitch used for lexical contrasts will determine non-native tone
perception and tone acquisition (Schaefer & Darcy, 2014). According to this
hypothesis, the higher the functionality of pitch in the native language, the better the
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performance will be in non-native tone perception and acquisition. Mandarin,
Japanese, and Dutch differ in degree of functionality of lexical pitch from maximal,
high-intermediate, to low-intermediate, which shapes the performance of the three
groups in a gradient order. Note that strictly speaking, the Functional Pitch
Hypothesis (Schaefer & Darcy, 2014) would predict a performance hierarchy of
Mandarin listeners >> Japanese listeners >> Dutch listeners. However, the current
findings (Mandarin = Japanese listeners >> Dutch listeners) seem to suggest that
when pitch is used lexically in the languages, even though its degree of functionality
varies, it can still benefit listeners with lower degree of pitch functionality to be as
good as listeners with higher degree of pitch functionality in building non-native
tones associated with meanings. The findings may also support Hyman’s typology
(2009) in which languages with canonical lexical tones (e.g., Mandarin) and
languages with lexical pitch accent (e.g., Japanese) are both regarded as tone
languages, based on the definition in which “pitch enters into the lexical realization
of at least some morphemes” (Hyman, 2006:229).

Furthermore, Dutch listeners’ lesser capability of encoding non-native tones in
word learning was also shown by the larger number of tonal errors and irrelevant
errors they made when identifying words, compared with Mandarin and Japanese
listeners. This suggests that the lack of lexical pitch (lower functionality of pitch) in
their native language may bring Dutch listeners more confusion in building non-
native tones paired with meanings.

4.4.2 Language-specific patterns in word learning

In addition to the overall performance differences across language groups, language-
specific patterns were observed in encoding non-native tones in word learning in
terms of analyses of exploratory purposes. Mandarin listeners attended more to the
non-native contour tones T4 and T5 than the level tone T6 in sound-to-meaning
mapping. Japanese and Dutch listeners displayed a similar pattern in that they
performed comparably in encoding all of the non-native tones lexically. Note that
despite the similar pattern, Japanese listeners showed equally good performance
encoding all the non-native tones (all with around 80% accuracy), while the
performance of Dutch listeners was generally poor across all the non-native tones
(all with around 50% accuracy).

The language-specific patterns in the current findings were not fully supported
by the predictions based on the proposal that the long-term stored representations of
pitch-based phonological categories (tones and/or intonations) determine the weight
listeners give to non-native pitch features in cross-linguistic tone perception or
acquisition (Francis et al., 2008; Lee et al. 1996; Xu et al., 2006). Only the pattern of
the Mandarin listeners supports this prediction. Mandarin uses three contour tones
and one level tone; it uses pitch contour contrasts but not pitch level contrasts to
differentiate word meanings. Hence, Mandarin listeners may have stored
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representations of tonal categories, i.e., categories of contrastive contour tones, in
long-term memory, which may benefit them in encoding non-native contour tones in
word learning. However, due to a lack of contrastive level tones in Mandarin, they
were relatively vulnerable when encoding non-native level tone T6 which they
especially confused with mid level tone T3. For instance, they tended to misidentify
words with the target level tone T6 as another level tone T3 (e.g., confusion between
T6T3 vs. T3T3).

As for the Dutch and Japanese listeners, the relative perceptual weighting
proposal failed to predict their learning patterns. According to the proposal, Dutch
listeners, due to a lack of lexical tones in the native language, may have stored long-
term representations of intonational nuclear tones consisting of basic structure H and
L tones (Gussenhoven, 2004), which may thus facilitate to give attention to the non-
native level tones compared to the non-native contour tones in word learning. On the
contrary, Dutch listeners were found to show no preference for non-native contour
or level tones and performed comparably poor in the lexical encoding of all of the
non-native tones. This can be accounted for by a lack of lexical tones in the native
language. Dutch listeners were found good at discriminating or identifying non-
native tonal contrasts at the acoustic level, which could be due to a benefit from a
rich inventory of intonation patterns (Chen et al., 2016; Liu et al., 2017). When
perceiving non-native tones in acoustic tasks, listeners may store the surface
phonetic forms of pitch contrasts in short-term memory (Xu, 1991). However, when
encoding non-native tones in word learning, the phonetic forms at the acoustic level
may decay, and the phonological representations stored in long-term memory may
kick in. Due to a lack of lexical tones, Dutch listeners do not store long-term
representations of lexical tones. The pitch-based phonological representations they
may have stored are intonation patterns (nuclear tones), which may not be readily
available for re-use in word learning. This suggests that while native intonation
patterns may facilitate acoustic pitch discrimination in non-tone language listeners
(i.e., Dutch listeners) (Chen et al., 2016; Liu et al., 2017), only long-term storage of
lexical tone patterns may facilitate listeners in building non-native tones associated
with meanings in word learning. A lack of lexical tones in the native language has
been reported to hinder the processing of non-native tones in word learning in
previous studies. For example, Ramachers et al. (2017) found that Dutch listeners
were not sensitive to Limburgian tonal contrasts in word identification.

As for Japanese listeners, it was predicted that they would better encode non-
native level tones than contour tones because Japanese tonal patterns are mapped
from the accentual patterns of prosodic words consisting of H and L tones. This
prediction was contradicted by the current finding that Japanese listeners performed
comparably well in all the non-native tones. No preference for a specific tone or a
tone category was displayed by Japanese listeners. The current finding could be
explained by the influence of accentual patterns in Japanese words as an entity.
According to the native accentuation rules (McCawley, 1968; Haraguchi, 1999;
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Uwano, 1999), disyllables can carry accentual patterns as H’L (e.g., H’L in an
initial-accented bimoraic word), LH*® (e.g., LH’ in a final-accented bimoraic word),
HH’ (e.g., HH’ in a LHH’ final-accented trimoraic word), and LL (e.g., LL in a
H’LL initial-accented trimoraic word). Japanese listeners may have stored long-term
representations of accentual patterns HH’, H’L, LH’, and LL as phonological
categories, instead of the basic elements H versus L tones of which the tonal patterns
consist, which may guide them to show comparable sensitivity to encode non-native
tones T3 (mid level tone), T4 (low falling tone), T5 (low rising tone), and T6 (low
level tone) in word learning. More specifically, Francis et al. (2008) further
developed a proposal in terms of relative perceptual weighting to features of tones in
long-term memory (Lee et al., 1996; Xu et al., 2006) and proposed that when there
is a clear correspondence between native and non-native category representations,
the non-native categories will be assimilated to the native categories (although
Francis et al. (2008) did not define “clear correspondence”). When there is no clear
correspondence, the relative weight will be distributed to specific perceptual features
that are set by the native tone categorization. Accordingly, the non-native contour
tones T4 and T5 may be assimilated to H’L and LH’ accentual categories in
Japanese, respectively. The non-native level tones T3 and T6 may be assimilated to
HH’ and LL accentual categories, respectively. Clear assimilation between the non-
native tones and the native tonal patterns may account for Japanese listeners’
comparably good performance encoding non-native tones in establishing lexical
representations.

With respect to correspondence between native category and non-native
category representations, Best & Tyler (2007) extended the Perceptual Assimilation
Model (PAM) (Best, 1994) to PAM-L2 such that if the non-native phonemic
contrast (here, non-native tones) is mapped onto the same category in the native
language, it will yield poor perception and impede learning. If the non-native
phonemic contrast is mapped onto two different categories in the native language, it
will lead to good perception and acquisition. Based on PAM-L2 (Best & Tyler,
2007), the non-native T3, T4, T5, and T6 could be mapped onto four different
accentual categories in Japanese, namely LL, H’L, LH’, and HH, and thus Japanese
listeners would be good at encoding these non-native tones in word learning.
Previous studies by and large support the mapping between non-native tonal
categories and Japanese accentual categories. For example, So (2010) found that
Japanese listeners were able to categorize the Mandarin tones they heard onto native
accentual categories, that is, they associated Mandarin high level tone, rising tone,
and falling tone with the native accentual patterns HH, LH’, and H’L, respectively.
Nonetheless, the LL pattern was not investigated in So (2010).

% Note that it could also be LH, an unaccented pattern, as final-accented and unaccented
words in Japanese have similar tonal patterns they appear in isolation (Vance 1995; Warner
1997; Sugiyama, 2006). However, a contrast between final-accented and unaccented words
merges when followed by a gramatical particle (such as the nominative ga). Final-accented
words exhibit a pitch fall on the final syllable while unaccented words do not.
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Another account of the overall good performance of Japanese listeners in word
learning could be due to benefit from the diverse pitch patterns in Japanese
multimora words. In Japanese one mora is usually around 100-150 ms in natural
speech (Hoequist, 1983). The disyllables (625ms) used in the study might have been
perceived as words with 4-5-mora instead of two moras. Words with longer moras in
Japanese exhibit diverse pitch patterns such as rising, falling, level high and
rising+falling contour (Kubozono, 2008). The overall contours of the non-words
could be assimilated to the various pitch patterns in Japanese words with longer
moras. Note that assimilation between the non-native Cantonese tones and Japanese
accentual categories or pitch patterns in the current study is in nature speculative. It
is necessary to conduct overt studies to investigate correspondences between the
native categories (e.g., tonal, accentual, or intonational categories) and the non-
native Cantonese tonal categories as studies have done on the mapping between
Mandarin tones and Japanese accentual patterns (So, 2010) and between Mandarin
tones and Australian English and French intonation patterns (So & Best, 2014). Also,
note that the current discussion regarding language-specific patterns should be taken
caution considering the interaction among tone and language was insiginicant.

4.4.3 Influence of position on the lexical encoding of non-native tones

The target non-native tones occurred in word-initial and -final positions in the study.
It was observed that position played different roles in each language group in the
encoding of non-native tones in word learning, based on analyses of exploratory
purposes. Position did not influence Dutch listeners and Mandarin listeners. Neither
of the two groups showed any preference for either position. In contrast, position
interacted with Japanese listeners’ encoding of the non-native tone T4. They
encoded T4 better when it occurred word-finally than word-initially.

The current findings are in line with the predictions made for Mandarin
listeners, but not those for Dutch and Japanese listeners. Based on the native word
phonology, Mandarin does not use positional marking but rather lexical tones in
word prosody. Mandarin listeners may solely draw upon their tonal sensitivity in
building mental representations of non-native tones paired with meanings, and thus
they were predicted to show no preference for positions when encoding non-native
tones lexically.

For Dutch listeners, it was predicted that they would favour word-initial over
word-final position in that stress is usually placed on the first syllable in disyllabic
Dutch words (Trommelen, 1983; Kager, 1989; Trommelen & Zonneveld, 1999).
Such a prediction fails to account for the current findings. The non-preference for
any position observed in the Dutch listeners’ lexical encoding of non-native tones
could instead be accounted for by a lack of lexical tones in the native language. As
shown in previous studies (Cooper & Wang, 2013; Ramachers et al., 2017), listeners
without the use of lexical tones in the native language may be hindered the encoding
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of non-native tones in sound-to-meaning mapping. Due to a lack of lexical tones in
their native language, Dutch listeners may encounter difficulty when processing
non-native tones associated with word meanings so that the position marked in the
native phonology did not have an opportunity to take effect.

Japanese listeners were found to show a preference for word-final over word-
initial only when perceiving the falling tone T4. They were predicted to be more
sensitive to word-initial than word-final position overall when encoding non-native
tones lexically, which is rejected by this finding. The original prediction was based
on Japanese native word phonology in which pitch accent is dominantly placed on
the initial mora in bimoraic Japanese words, although all accentual patterns are
theoretically possible (McCawley, 1968; Akinaga, 1985; Haraguchi, 1999; Uwano,
1999). Native accentuation fails to account for Japanese listeners’ preference for
final position (T3T4) over initial position (T4T3). Instead, such positional
preference for T4 could be attributed to an influence of intonation. The falling tone
T4 in final position in the tonal pattern T3-T4 may resemble a falling contour at the
end of an utterance that signals assertive meaning in Japanese (Bolinger, 1978, 1982;
Sugito, 1981; Poser, 1984; Pierrehumbert & Beckman, 1988; Cruttenden, 1994).
Japanese listeners may associate the falling tone in the final position with a terminal
fall in a statement and thus it might be distinctive enough to be differentiated from
T4 in the initial position. However, such association between non-native tone
categories and native intonation categories is in nature speculative. It would be
necessary to conduct a true study on the overt mapping between native intonation
categories and non-native tone categories (for instance, as is done for the mapping
between Mandarin tonal categories and intonation categories in Australian English
and French in So & Best, 2014). Moreover, the terminal fall of an utterance is
generally observed across languages including Mandarin (Shih, 1997, 2000; Lai et
al., 2014) and Dutch (Gussenhoven & Rietveld, 1988). However, such a positional
preference for T4 might not be observed in Mandarin and Dutch listeners (though it
was marginal, p=0.055, in Dutch listeners). This matter needs further investigation
in the future. Note that the current discussion should be taken with caution, given
that the interaction of language group, tone and position in the analysis was not
significant.

4.5 Conclusion

The present study investigated the encoding of non-native tones occurring in
different positions in word learning by Dutch, Mandarin, and Japanese listeners. By
applying a picture selection task, it attempted to explore how and to what extent the
native word prosody and/or intonation prosody influence listeners in the encoding of
non-native tones with positions when building sound-to-meaning mapping.

First of all, Mandarin and Japanese listeners performed comparably well, and
they both were found to encode non-native tones occurring in different positions
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better than Dutch listeners did in word identification. Secondly, language-specific
patterns were observed in the encoding of non-native tones in different positions in
word learning, based on exploratory purposes. Mandarin listeners were better at
encoding non-native contour tones than level tones, while both Japanese and Dutch
listeners showed no preference for any non-native tones. Thirdly, position was found
to interact with the encoding of non-native tones differently in each language group,
based on analyses of exploratory purposes. Both Mandarin listeners and Dutch
listeners seemed not in favor of any positions. In contrast, Japanese listeners
preferred word-final position to word-initial position only when encoding the non-
native falling tone T4.

These observations were discussed in terms of different theoretical frameworks,
e.g., the Feature Hypothesis (McAllister et al., 2002), the proposal of relative
perceptual weighting to tone features in long-term memory (Francis et al., 2008; Lee
et al., 1996; Xu et al., 2006), and PAM-L2 (Best & Tyler, 2007). Moreover, we
extended the frameworks that are mostly discussed in cross-linguistic tone
perception to the encoding of non-native tones in sound-to-meaning mapping. The
differences in performance between the language groups at the lexical, phonological,
and acoustic level will be discussed in Chapter 5 (general discussion).
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Chapter 5
General discussion and conclusion

5.1 Dissertation summary

The goal of this dissertation was to better explore the role of native word prosody in
the cross-linguistic perception of non-native word prosodic cues (WPCs) (i.e., non-
native pitch contrasts and position) at three processing levels: the auditory-acoustic
level, the phonological level which taps into abstract representations (Dupoux et al.,
2001, 2008), and the lexical level where phonological knowledge is encoded to
integrate sound-to-meaning associations in word learning (Wong & Perrachione,
2007; Wang & Cooper, 2013; Braun et al., 2014). Mandarin, Japanese,”® and Dutch
listeners were selected since these three languages not only differ in their use of
WPCs (Mandarin: lexical tones, Japanese: lexical pitch accent, Dutch: lexical stress)
but also share commonalities (Mandarin and Japanese both use lexical pitch;
Japanese and Dutch both use positional marking cues). More specifically, the
dissertation sought to identify language-specificities and language-commonalties in
the processing of non-native WPCs at the acoustic, phonological, and lexical levels.

To investigate the influence of native word prosody on the perception of non-
native WPCs, three general issues were considered at each processing level: 1) how
the three language groups differed from each other (i.e., comparing differences in
overall performances across language groups), 2) what specific patterns each
language group displayed, and 3) whether position played a role in the perception of
non-native pitch contrasts (i.e., the interaction between pitch contrasts and position).
Three empirical chapters, Chapters 2, 3, and 4, addressed these questions at the
acoustic, phonological, and lexical levels, respectively.

Chapter 2 adopted AX discrimination tasks and used Cantonese tones (also
used in the following studies) to investigate the perception of non-native WPCs at
the acoustic level by Dutch, Mandarin, and Japanese listeners. It addressed to what
extent native word prosody influenced the perception of non-native WPCs from two
perspectives: perception of non-native pitch contrasts that occurred in different
positions (specifically in trisyllables, e.g., T4T3T3 vs. T5T3T3, T3T4T3 vs.
T3T5T3) and perception of non-native tones contrastive in positions (word-initial vs.
-medial position, word-initial vs. -final position, and word-medial vs. -final position,
e.g., T4T3T3 vs. T3T4T3).

When perceiving non-native pitch contrasts in different positions, the three
groups showed comparably good performance when perceiving the acoustically

% «Japanese” in the dissertation is restricted to Tokyo Japanese.
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salient ones (tones paired with T1 and T3), but they differed in their perception of
non-native pitch contrasts that share similarity in acoustic space to some extent (T4-
T5, T4-T6, and T5-T6). Overall, Mandarin listeners showed an advantage over
Japanese and Dutch listeners when discriminating non-salient non-native pitch
contrasts. This can be accounted for by the Functional Pitch Hypothesis (Schaefer &
Darcy, 2014) which states that the higher functionality of pitch used in the native
language, the better the listeners can be in non-native tone perception. The findings
suggest that both acoustic salience and the use of lexical pitch and/or the degree to
which lexical pitch is used in the native language can influence the perception of
non-native pitch contrasts.

Moreover, language specific patterns were observed in the acoustic
discrimination of non-native pitch contrasts in trisyllables. Dutch listeners were
relatively sensitive to non-native pitch contrasts that were acoustically salient (tones
paired with T1 and T3), while they were worse at acoustically discriminating non-
salient pitch contrasts (T4-T5, T4-T6 and T5-T6). Japanese listeners were good at
discriminating most of the non-native pitch contrasts except for one specific non-
salient non-native contrast (T5-T6). Mandarin listeners perceived all the non-native
contrasts equally well.

In addition, position did not interact with the perception of non-native pitch
contrasts in trisyllables. All three groups showed the same pattern, viz. they
performed better when the non-native pitch contrasts occurred word-finally than
word-initially and word-medially, which could be due to a recency effect (Demany
& Semal, 2008). Their discrimination of non-native pitch contrasts did not depend
on the position where the contrasts occurred.

In the perception of non-native tones contrastive in positions (positional tones),
all the three groups overall achieved nearly ceiling performance. However, a
perceptual gradient order was still observed: Mandarin listeners >> Japanese
listeners >> Dutch listeners. Specifically, in terms of analyses of exploratory
purposes, Japanese listeners and Dutch listeners might have difficulty discriminating
T5 contrasting in position with the contextual tone T6 (low level tone) (i.e., TST6T6
vs. T6T5T6 vs. T6T6TS), which could be due to their general confusion between T5
and T6 instead of an inability to perceive non-native positional tones.

Chapter 3 examined how and to what extent native prosody (word and/or
intonation) came into play in the processing of non-native pitch contrasts that
occurred word-initially, -medially, and -finally at the phonological level by Dutch,
Mandarin, and Japanese listeners. A sequence recall task (Dupoux et al., 2001) was
applied where listeners had to learn a pair of words and recall the order of the words
in different sequence lengths. The results showed that, first, the three language
groups performed in a hierarchical order: Mandarin listeners >> Japanese listeners >>
Dutch listeners, which could be attributed to the degree of functionality of pitch used
in the native language (Schaefer & Darcy, 2014).
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Second, language-specific patterns were found with different weighting given
to non-native pitch contrasts. Dutch listeners were more sensitive to perceive non-
native pitch level contrast than pitch contour and pitch level vs. pitch contour
contrast at the phonological level. Japanese listeners were more sensitive to non-
native pitch contour contrast and pitch level vs. pitch contour contrast than pitch
level contrast. Mandarin listeners displayed a gradient order favouring non-native
pitch contour contrast >> non-native pitch level vs. pitch contour contrast >> non-
native pitch level contrast. The observed language-specific patterns were accounted
for in terms of the long-term memory representations of pitch-based phonological
categories (tones and/or intonation) (Xu et al., 2006) and assimilation between the
native categories and non-native categories (So & Best, 2010, 2011, 2014; Francis et
al., 2008).

Thirdly, position was found to interact with the perception of non-native pitch
contrasts at the phonological level in each language group. On the one hand, a
language-general pattern was found, that is, when perceiving non-native pitch
contour (falling tone) vs. pitch level T4-T6, all three language groups preferred
word-final position to word-initial and/or word-medial position. On the other hand,
language-specific patterns with respect to position were observed. Dutch listeners
were only influenced by position when perceiving non-native pitch contour vs. pitch
level contrast T4-T6. They preferred word-final to word-initial and word-medial
position when perceiving T4-T6. In contrast, when perceiving the non-native pitch
contour contrast T4-T5 and the pitch level contrast T3-T6, they were not affected by
position at all. That is, they showed comparably poor performance in each position
with respect to these two pitch contrasts at the phonological level. Unlike Dutch
listeners, Japanese listeners preferred word-medial position to word-initial and
word-final position when perceiving all of the non-native pitch contrasts. As for
Mandarin listeners, they showed no preference for position when perceiving non-
native pitch contour contrast. However, they favoured word-medial position to
word-initial and word-final position when perceiving non-native pitch level contrast
T3-T6. The different roles position played in each language group in the perception
of non-native pitch contrasts at the phonological level was explained in light of the
influence of the native phonology (word prosody and intonation).

Chapter 4 explored the role of native prosody (word and/or intonation) in the
encoding of non-native pitch contrasts with position in sound-to-meaning mapping
in word learning. It constructed non-native tones that occurred word-initially and
word-finally in disyllabic non-words. Using a picture-selection task, listeners heard
a word and were required to identify the corresponding picture from four pictures
that consisted of the target, one tonal competitor (contrastive in pitch), one
positional competitor (contrastive in position), and one distracter (neither contrastive
in position nor in pitch). The results revealed that first of all, Mandarin and Japanese
listeners displayed comparably overall good performance and they both encoded
non-native pitch contrasts better than Dutch listeners in word identification, which
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could be accounted for by the employment of lexical pitch in the native language of
Mandarin and Japanese listeners. Moreover, Dutch listeners tended to misidentify
tonal competitors and distracters as the correct response more often than Mandarin
and Japanese listeners, suggesting that they were less capable of encoding non-
native tones in sound-to-meaning associations.

Second, each language group manifested specific patterns in the encoding of
non-native tones in word learning based on analyses of exploratory purposes.
Mandarin listeners were found better at encoding non-native contour tones than
level tones, while both Japanese and Dutch listeners showed no preference for any
non-native tones.

Third, the influence of position seemed to be robust only in Japanese listeners,
but not in Dutch and Mandarin listeners, based on analyses of exploratory purposes.
Specifically, Japanese listeners were in favour of word-final position over word-
initial position only when encoding the non-native falling tone T4, presumably due
to the influence of the native intonation pattern. In contrast, both Mandarin listeners
and Dutch listeners showed no preference for any position when encoding non-
native tones in word learning.

5.2 Research questions revisited

This dissertation addresses an overarching question: how and to what extent does
native word prosody play a role in the processing of non-native WPCs? This general
issue is considered more specifically by addressing the following questions:

(1) How will Mandarin, Japanese, and Dutch listeners differ when processing non-
native WPCs?

(2) What perceptual patterns will Mandarin, Japanese, and Dutch listeners display
when processing non-native WPCs?

(3) To what extent will position interact with non-native pitch contrast in each
language group in the encoding of non-native WPCs?

These three questions were investigated not only at the acoustic level but also
at higher linguistic levels, namely the phonological level and the lexical level. The
acoustic level is a processing level at which listeners can relatively easily access
acoustic information (e.g., fine-grained acoustic cues) with less memory load
imposed for acoustic discrimination, revealed by tasks such as the AX
discrimination task (Logan & Pruitt, 1995; Strange & Shafer, 2008). The
phonological level refers to a relatively abstract processing level at which
phonological representations are highlighted, revealed by a short-term memory task,
the sequence recall task (Dupoux et al., 2001, 2008). The lexical level refers to a
relatively high level of linguistic processing at which listeners use phonological
knowledge to integrate novel sound (here, non-native WPCs) with paired meanings
in word learning (Wong & Perrachione, et al., 2007; Braun et al., 2014).
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Different hypotheses were considered to make predictions corresponding to the
three research questions. More specifically, predictions for research question (1)
were based on the Feature Hypothesis (McAllister et al., 2002) and Functional Pitch
Hypothesis (Schaefer & Darcy, 2014). The Feature Hypothesis (McAllister et al.,
2002) proposes that if a phonetic or phonological dimension is not used for lexical
contrast in the native language, it will be difficult for naive listeners to perceive that
non-native feature. The Functional Pitch Hypothesis (Schaefer & Darcy, 2014),
derived from the Feature Hypothesis, specifically focuses on non-native tone
perception and acquisition and states that the higher functionality pitch has in
signalling lexical contrasts in the native language, the better performance listeners
will display in non-native tone perception. Predictions for research question (2) were
based on an approach regarding the relative perceptual weighting to pitch features in
long-term storage (Francis et al., 2008; Lee et al., 1996; Xu et al., 2006) proposing
that listeners store long-term memory representations of pitch-based phonological
categories (i.e., tonal and/or intonational). Pitch representations stored for the native
language cause listeners to assign relative weight to specific perceptual features of
pitch in cross-linguistic tone perception. Predictions for research question (3) were
based on the influence of the native phonology.

Since none of these hypotheses specifically or strictly tease apart acoustic
perception, perception at the phonological level, or processing at the lexical level,
we applied the abovementioned hypotheses at all three processing levels. The goal
was to elucidate non-native tone perception and provide “a baseline for L2 tone
acquisition” (e.g., in Schaefer & Darcy, 2014: 514), which entails that the
predictions from these hypotheses may carry over to perception involving
phonological information or lexical information. Moreover, we considered an
additional hypothesis in terms of the influence of native intonation prosody on word
learning (Braun et al., 2014) to predict the outcomes (1) at the lexical level. It is
proposed that a richer inventory of pitch contrasts at the utterance level predicts
better performance in the encoding of non-native tones in sound-to-meaning
mapping.

The predictions made for the processing of non-native WPCs at each
processing level were by and large identical, as follows:

(1) Based on the Feature Hypothesis (McAllister et al., 2002), it was
hypothesized that Japanese listeners (who use the position of pitch accent lexically)
would show an overall advantage over Mandarin listeners (who use lexical tones)
and Dutch listeners (who use the position of lexical stress) when perceiving non-
native pitch contrasts that occurred in different positions at each processing level.
Alternatively, according to the Functional Pitch Hypothesis (Schaefer & Darcy,
2014), at each processing level, Mandarin listeners were predicted to show overall
better performance than Japanese and Dutch listeners, while Japanese listeners
would outperform Dutch listeners in the processing of non-native pitch contrasts
occurring in different positions.
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Additionally, based on the proposal that considers intonation’s influence on
word learning (Braun et al., 2014), Mandarin and Dutch listeners would encode non-
native WPCs better than Japanese listeners in building sound-to-meaning
associations in word learning (i.e., at the lexical level).

Note that at the acoustic level, we also investigated the perception of non-
native tones contrastive in positions. As for the perception of non-native tones
contrastive in positions, the Feature Hypothesis (McAllister et al., 2002) yielded two
divergent predictions. a) Japanese listeners (who use position for lexical pitch accent)
would outperform Dutch listeners (who use position for lexical stress) and Mandarin
listeners (who use lexical tones). b) If perception of non-native positional tones is
fundamentally driven by the perception of position, it was predicted that Japanese
and Dutch listeners will outperform Mandarin listeners. c¢) Alternatively, if
perception of non-native positional tones is driven primarily by the perception of
tone, it was predicted based on Functional Pitch Prominence (Schaefer & Darcy,
2014) that Mandarin listeners would outperform Dutch and Japanese listeners.

(2) At each processing level, each language group was predicted to show
different perceptual patterns based on the selective perceptual weighting given to
specific pitch features in long-term storage (Lee et al., 1996; Xu et al., 2006; Francis
et al., 2008). Accordingly, Mandarin listeners were predicted to be more sensitive to
non-native pitch contour contrasts than pitch level contrasts due to contrastive
contour tonal categories in the native language. Dutch listeners would give more
weight to non-native pitch level contrasts than pitch contour contrasts because the
rich inventory of nuclear tones in the Dutch intonation system consists of H and L
tones. Japanese listeners would show more sensitivity to non-native pitch level
contrasts than pitch contour contrasts because the accentual patterns at word prosody
are composed of H and L tones.

(3) The influence of position on the perception of non-native pitch contrasts
occurring in different positions was also hypothesized in light of native word
phonology. Mandarin does not employ positional cues in word prosody. Dutch uses
lexical stress which is generally placed in a three-syllable window at the right-hand
word edge, but the final syllable is not a canonical position (Kager, 1989). Japanese,
on the other hand, uses the position of lexical pitch accent. Based on the native
accentuation rule, initial accent is prevalent in 2-mora words while an unaccented
form is dominant in three mora words (Sato, 1993; Kitahara, 2001). According to
the native word phonology, at the acoustic and phonological levels where non-native
pitch contrasts in trisyllables?” were investigated, Mandarin listeners were predicted
to show no preference for position. Dutch listeners may prefer the prefinal position
(i.e., medial position in trisyllables) for non-native pitch contrasts. Japanese listeners
were predicted to show no preference for any position when perceiving non-native
pitch contrasts. At the lexical level where non-native pitch contrasts in disyllables

%" Note that while trisyllables were used at the acoustic and phonological levels, this
dissertation used CV disyllabic (bimoraic) words at the lexical level.
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were investigated, Mandarin would show no preference for position. Dutch listeners
would prefer word-initial to word-final position when processing non-native tones in
word learning since prefinal is the default position for lexical stress in Dutch,
corresponding to the initial position in disyllabic words (Kager, 1989; Trommelen &
Zonneveld, 1999). Japanese listeners were predicted to prefer word-initial to word-
final position in word learning due to the fact that initial accent is prevalent in 2-
mora words in Japanese native accentuation (Sato, 1993; Kitahara, 2001).

5.3 General discussion

This section will discuss the findings at the acoustic, phonological, and lexical levels
from three perspectives: 1) how native word prosody influences the perception of
non-native WPCs (i.e., overall differences across language groups), 2) what specific
or general patterns the language groups manifest, and 3) the influence of position on
the processing of non-native pitch contrasts.

5.3.1 Overall differences across language groups in non-native WPC processing
across acoustic, phonological, and lexical levels

To begin with, the three language groups were examined at the acoustic level via a
task requiring the discrimination of non-native pitch contrasts in monosyllables (as
baseline) and trisyllables. The latter results were in line with the former results;
hence discussion will mainly focus on the findings on non-native pitch contrasts in
trisyllables. It was observed that all three groups showed comparable ceiling
performance when discriminating non-native pitch contrasts that were located in
high-mid register (tonal pairs with T1 and T3). However, they differed significantly
when discriminating non-native pitch contrasts in mid-low register (T4-T5, T4-T6,
and T5-T6), that is, Mandarin listeners displayed perceptual advantage over
Japanese and Dutch listeners. The findings were in discrepancy with the predictions
that Mandarin listeners would perform better overall compared to Japanese listeners
and Dutch listeners (based on the Functional Pitch Hypothesis) or that Japanese
listeners would overall outperform Dutch and Mandarin listeners (based on the
Feature Hypothesis). Mandarin listeners’ advantage over Japanese and Dutch
listeners was not an overall advantage as predicted but was instead limited to the
discrimination of non-native pitch contrasts in a mid-low register. The predictions
seemed to underestimate the influence intrinsic acoustic features of the non-native
pitch contrasts could have on the perception of non-native pitch contrasts.

All three groups were good at discriminating non-native pitch contrasts in
high-mid register (i.e., contrasts paired with T1 and T3), which could be attributed
to the intrinsic acoustic salience of T1 and T3. T1 is located in the high register, far
from the other tones in the acoustic space, which may make it distinctive enough to
be distinguished from other tones as has been observed in previous studies (Qin &
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Mok, 2013; Qin, 2014; Mok & Wong, 2010; Wong, 2019). T3, the mid level tone
located in the high-mid register area, is relatively distinctive from low tones in
acoustic perceptual space (Francis et al., 2008; Qin & Mok, 2013). Hence, contrasts
paired with T1 and T3 were easy to discriminate for all three groups. However,
when it comes to the non-native pitch contrasts in mid-low register (T4-T5, T4-T6,
and T5-T6), Mandarin listeners displayed more strength than Japanese and Dutch
listeners in discrimination. T4 (low falling tone), T5 (low rising tone), and T6 (low
level tone) are located in a relatively crowded acoustic space. They share similarity
in their starting point and differ only towards the ending point (Qin & Mok, 2013).
Their acoustic similarity may cause more difficulty to Japanese and Dutch listeners
than to Mandarin listeners in that Japanese and Dutch have lower functionality of
pitch than Mandarin, according to the Functional Pitch Hypothesis (Schaefer &
Darcy, 2014). In contrast, the maximal-high functionality of pitch in Mandarin may
facilitate Mandarin listeners when discriminating non-native pitch contrasts that are
not acoustically salient. The differences observed across the three language groups
also suggest that when the non-native tonal contrasts are not acoustically salient,
Mandarin listeners may approach the discrimination task more phonologically than
acoustically in that they may perceive the non-native tones based on their similarity
to native tonal categories (cf. PAM (So & Best, 2010)) and hence they may not need
to focus on memorizing detailed acoustic information when making the same-or-
different judgement.

One notable finding is that Japanese listeners discriminating T4-T6 achieved
as good performance as Mandarin listeners did. This can be due to the influence of
native word prosody in Japanese. Japanese uses lexical pitch accent (a pitch fall
from H to L tone in two successive moras) to differentiate lexical items (Poser, 1984;
Kubozono, 1993, 2008). Japanese listeners have been found sensitive to the location
of pitch fall in Japanese in previous studies (Ayusawa et al., 1998; Vance, 1995;
Yoneyama, 2002). This sensitivity to pitch fall in the native language may be
transferred and benefit Japanese listeners when discriminating a non-native falling
tone from a level tone in the mid-low register.

When discriminating non-native tones that contrasted in position (positional
tones), a perceptual hierarchy was observed such that Mandarin listeners >>
Japanese listeners >> Dutch listeners, despite the fact that all three groups achieved
nearly ceiling performance. The result supports predictions based on the Functional
Pitch Hypothesis and suggests that although Mandarin listeners do not use lexical
positional marking, the high functionality of pitch in the native language may assist
them in discriminating non-native tones contrastive in positions. In contrast, both
Japanese and Dutch employ positional cues in word prosody. However, they differ
in the use of lexical pitch. Japanese enjoys a higher functionality of pitch than Dutch
does, which may account for the advantage Japanese listeners have over Dutch
listeners when discriminating non-native positional tones. The findings seem to
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suggest that lexical pitch is a more dominant factor than positional cues in
determining the cross-linguistic perception of non-native positional tones.

The results of the AX discrimination task at the acoustic level suggest that
native word prosody, specifically the role of lexical pitch, together with intrinsic
acoustic features of the non-native pitch contrasts themselves cast influence on the
acoustic discrimination of non-native WPCs. In a more cognitively demanding task,
the sequence recall task that tapped into the phonological level of representations,
the three language groups showed an overall gradient pattern, Mandarin listeners >>
Japanese listeners >> Dutch listeners, when perceiving the non-native pitch contrasts
in trisyllables. The Functional Pitch Hypothesis successfully predicted this
observation while the Feature Hypothesis failed, which indicates that the use of
lexical pitch and to what degree lexical pitch functions in the native language
influence the perception of non-native pitch contrasts at the phonological level.

When encoding non-native pitch contrasts in sound-to-meaning mapping,
Mandarin and Japanese listeners both performed better than Dutch listeners with
comparably good performance. This follows the Functional Pitch Hypothesis, but
not the Feature Hypothesis or the approach in terms of intonation phonology (Braun
et al., 2014). According to the Functional Pitch Hypothesis, the degree of pitch
functionality in Mandarin is regarded as maximal while in Japanese it is
intermediate-high (Schaefer & Darcy, 2014). The functionality of pitch in Dutch is
at an intermediate-low degree since pitch is one of the acoustic correlates of lexical
stress, not exclusively used for lexical contrasts. The higher functionality of pitch in
the native language, the better the performance will be in non-native tone perception
and acquisition. Note that strictly speaking, the Functional Pitch Hypothesis would
predict a hierarchy of performance such that Mandarin listeners >> Japanese
listeners >> Dutch listeners. However, the current finding for word learning,
Mandarin = Japanese listeners >> Dutch listeners, seems to suggest that when pitch
is used lexically in a language, listeners with relatively lower degrees of pitch
functionality (i.e., Japanese listeners) may benefit just as much as listeners with
higher degree of pitch functionality in their native language (i.e., Mandarin listeners).
This also indicates that the grouping together of “canonical tone” languages and
“pitch accent” languages as in Hyman’s typology (2009) is on the right track.

Taken together, findings at each of the three processing levels show that the
use of pitch and the extent to which pitch is used for lexical contrasts in the native
language may overall facilitate the perception of non-native pitch contrasts at the
acoustic level, especially when the non-native pitch contrasts were not acoustically
salient, both at the phonological level and the lexical level.
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5.3.2 Language specificities in non-native WPC processing at the acoustic,
phonological, and lexical levels

5.3.2.1 Acoustic discrimination

First of all, language specific patterns in the discrimination of non-native pitch
contrasts in trisyllables were found at the acoustic level. Note that for each language
group, the findings regarding perceptual patterns with respect to trisyllables were by
and large in accordance with those for monosyllables (the baseline) and thus the
discussion will mainly focus on perceptual patterns in trisyllables. When
discriminating non-native pitch contrasts in trisyllables at the acoustic level, it was
found that Dutch listeners did not show a preference for non-native pitch level
contrasts or contour contrasts. Instead, their perceptual performance was dependent
on where the contrasts were located in acoustic space. They were more sensitive to
non-native pitch contrasts that are acoustically salient in acoustic space (contrasts
paired with T1 and T3) than to those with non-acoustic salience (T4-T5, T4-T6, and
T5-T6). This perceptual pattern for Dutch listeners deviated from the prediction
based on the influence of nuclear tones in intonation prosody that they would attend
more to non-native pitch contrasts than to contour contrasts. Their disadvantage
when acoustically discriminating non-salient non-native pitch contrasts could be due
to a lack of lexical tones in the native language. When non-native pitch contrasts
share (partial) similarity in acoustic space, the detailed acoustic information may not
be sufficient enough for Dutch listeners to rely on. However, despite their relative
difficulty with the acoustic discrimination of non-acoustically salient non-native
pitch contrasts, Dutch listeners were still capable of discriminating them (with
accuracy above chance level). This could be attributed to a benefit from the diverse
patterns of nuclear tones in Dutch intonation and/or the use of lexical stress in word
prosody, as suggested in previous studies (Leather, 1987, 1990; Braun & Johnson,
2011; Liu et al., 2017; Chen et al., 2015). Note that T5-T6 was the exceptional
contrast that Dutch listeners seemed unable to discriminate, with around 14% correct,
much below chance level. Difficulty discriminating T5-T6 could be due to the
psychoacoustic similarity of the two tones to non-tone language listeners, as
reported in Qin & Mok (2013) who found that non-tone language listeners perceived
T5 and T6 closer at the ending point than T4-T6 and T4-T5 in perceptual space.

In contrast, Mandarin listeners were found to attend well to both non-native
pitch contour contrasts and level contrasts, which was in discrepancy with the
prediction that they would be more sensitive to non-native pitch contour contrasts
than level contrasts. Their relatively good performance discriminating among all the
non-native pitch contrasts could be due to an overall facilitation from the use of
lexical pitch in the native language. However, it is noteworthy that in the baseline
scenario (perception of non-native pitch contrasts in isolation), Mandarin listeners
were more sensitive to discriminate non-native pitch contour contrasts and pitch
level vs. pitch contour contrasts than pitch level contrasts (T1-T3 and T3-T6). The
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differences between their discrimination patterns for non-native pitch contrasts in
monosyllables and trisyllables suggests that Mandarin listeners may rely on tonal
context when perceiving the non-native level contrasts to achieve good performance.
The contextual tones surrounding the target level contrasts were other level tones
(e.g., T1-T1-T3 vs. T1-T1-T6). Presumably due to a lack of contrastive level tones
in their native word prosody, Mandarin listeners may need contextual tones to build
tonal references when discriminating non-native pitch level contrasts. Such reliance
on tonal context was also reported in previous studies where tone language listeners
(e.g., Mandarin listeners) depended more on context when perceiving level tones
than when perceiving contour tones (Fox & Qi, 1990; Moore & Jongman, 1997,
Francis et al., 2003; Wong & Diehl, 2003; Xu et al., 2006). Thus, Mandarin listeners’
comparably good performance in discriminating non-native pitch contour contrasts
and level contrasts in trisyllables could benefit from the native lexical tones as well
as from assistance from the contextual tones.

Similar to the perceptual pattern observed in Mandarin listeners, Japanese
listeners paid comparable attention to all of the non-native pitch contrasts. However,
they showed difficulty in discriminating T5-T6 with performance below chance
level (around 30% correct), while they showed equally good performance for the
other non-native pitch contrasts. The findings contradicted the prediction that they
would attend more to non-native pitch level contrast than to contour contrast. The
finding that Japanese listeners were sensitive to all non-native pitch contrasts except
for T5-T6 suggests that they might be facilitated by the use of lexical pitch accent in
the native language. However, the restricted tonal system in the native language may
not be sufficient enough for Japanese listeners to rely on in order to discriminate the
problematic psycho-acoustically similar T5-T6 contrast (Qin & Mok, 2013; Wong,
2019).

To sum up the perceptual patterns in acoustic discrimination, Dutch listeners
were influenced by intrinsic acoustic features of non-native pitch contrasts as well as
native word prosody (i.e., the lack of lexical tones). In contrast, Mandarin listeners,
who showed comparable sensitivity to both non-native pitch contour contrasts and
level contrasts, were influenced by the use of lexical pitch in general and the
presence of contextual tones. Japanese listeners’ equal sensitivity to all non-native
pitch contrasts except T5-T6 suggests a native language influence of lexical pitch
fall, which, however, was restricted to some extent since Japanese listeners were
perceptually confused when the non-native pitch contrasts were psycho-acoustically
similar.

5.3.2.2 Phonological processing

The phonological level highlights phonological representations that can be
revealed by the sequence recall task, a short-term memory task with phonetic
variability (Dupoux et al., 2001, 2008). It is a relatively abstract processing level at
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which fine-grained acoustic information is not easily accessible for listeners to
consciously rely on. To investigate processing at the phonological level, the pitch
level contrast T3-T6, the contour contrast T4-T5, and the contour vs. level contrast
(T4-T6) were selected to examine the cross-linguistic processing of non-native pitch
contrasts in trisyllables. Specific patterns were observed in each language group.
The perceptual patterns of Dutch and Mandarin listeners were largely as predicted in
terms of selective perceptual weighting given to non-native pitch features (Xu et al.,
2006; Francis et al., 2008). Dutch listeners were more sensitive to non-native pitch
level contrast T3-T6 than the contour contrast T4-T5 or level vs. contour contrast
T4-T6. This preference for non-native pitch level contrast could be due to the
influence of nuclear tones that are composed of H and L tones in the Dutch
intonation system. Dutch listeners may have stored long-term representations of
nuclear tones consisting of H and L categories, which may benefit them, making
them more attentive to non-native pitch level contrasts than other contrasts in
perception at the phonological level.

Mandarin listeners, as predicted, were found to attend more to non-native
pitch contour contrast than pitch level contrast. Mandarin has three contour tones
and one level tone; it uses pitch contour contrasts but not pitch level contrasts to
signal lexical meanings. Mandarin listeners may have stored pitch representations of
tonal categories, i.e., categories of contrastive contour tones, in long-term memory,
which may facilitate them in perceiving non-native pitch contour contrasts at the
phonological level. However, due to a lack of contrastive level tones in Mandarin,
they struggled to process non-native pitch level contrasts at the phonological level.

Unlike Dutch and Mandarin listeners, Japanese listeners were better at
perceiving non-native pitch contrasts paired with a falling tone (T4-T6 and T4-T5)
than the non-native pitch level contrast (T3-T6), which was different from the
prediction in terms of the influence of the surface tonal patterns that consist of H and
L tones in prosodic words. Rather, this finding can be accounted for by the influence
of native lexical pitch fall used to contrast lexical items in Japanese. Japanese
listeners may have stored long-term memory representations of pitch-based
phonological categories, i.e., lexical pitch fall, which may have aided Japanese
listeners to distinguish a falling pitch contour from a non-native pitch contrast. The
strength in detecting the lexical pitch fall in the native language at the phonological
level was reported in Ustugi et al. (2010) who used a sequence recall task. This
sensitivity to pitch fall in the native language might be transferred to aid in the
perception of a non-native falling tone.

As seen in the findings, native word prosody and/or intonation prosody played
a robust role in shaping the selective perceptual weighting listeners gave to a
specific pitch feature at the phonological level. More specifically, lexical tonal
categories in Mandarin may cause Mandarin listeners to be more sensitive to non-
native pitch contour contrasts than non-native pitch level contrasts. Lexical pitch fall
in Japanese may lead to Japanese listeners’ preference for non-native pitch contour
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contrasts (all of which happened to be paired with the non-native falling tone) over
the non-native pitch level contrast. In comparison, Dutch listeners, i.e., non-tone
language listeners, were unable to rely on lexical tones since Dutch does not employ
lexical pitch to contrast word meanings. Yet, long-term stored representations of
intonational nuclear tones in the native language could be resorted to and may cause
Dutch listeners to be more sensitive to non-native pitch level contrasts than other
contrasts at the phonological level.

5.3.2.3 Word learning

When it comes to the encoding of non-native pitch contrasts in disyllables in sound-
to-meaning mapping at the lexical level (i.e., in word learning), based on analyses of
exploratory purposes, Mandarin listeners, as predicted, were better able to encode
the non-native contour tones than level tones. Mandarin uses pitch contour contrasts
(three contour tones) but not pitch level contrasts (only one level tone) to
differentiate  word meanings. Hence, Mandarin listeners may have stored
representations of tonal categories, i.e., categories of contrastive contour tones, in
long-term memory, which may benefit them in encoding non-native contour tones in
word learning. However, due to a lack of contrastive level tones in Mandarin, they
were relatively vulnerable in encoding non-native level tones lexically and struggled
to distinguish between the non-native level tones in word learning.

Unlike Mandarin listeners, Japanese listeners were found to not prefer any
non-native pitch contrasts when encoding non-native tones in their building of
sound-to-meaning associations. They displayed comparably good performance
encoding all of the non-native pitch contrasts. This finding is not compatible with
the prediction that they would be better at encoding non-native level tones based on
an influence of the surface tonal patterns consisting of H and L tones. The pattern
observed in Japanese listeners could be presumably explained by a correspondence
between non-native tones and native accentual patterns in word prosody. In Japanese,
the tonal pattern of a word is determined by the presence/absence and location of the
lexical pitch accent (Poser, 1984; Haraguchi, 1999). According to native accentual
rules (Kubozono, 1993, 2008; Haraguchi, 1999; Uwano, 1999), patterns for
disyllables can be H’L (the initial mora accented in a bimoraic word), LH’ (the final
mora accented in a bimoraic word), HH’ (e.g., HH’ in a LHH’ final-accented
trimoraic word) and LL (e.g., LL in a H’LL initial accented trimoraic word).
Japanese listeners may have stored representations of tonal patterns, i.e., H’L, LH’,
HH’, and LL, as phonological categories instead of the basic structure H versus L
tones consisting of tonal patterns in long-term memory. According to PAM-S
proposed by So & Best (2010, 2011, 2012, 2014), if a non-native phonemic contrast
(here, tone) is mapped onto two different categories in the native language, it will
lead to good perception (cf. Francis et al., 2008). Accordingly, Japanese listeners
may assimilate the non-native tones T4 (falling tone), T5 (rising tone), T3 (mid level
tone), and T6 (low level tone) onto the representations of H’L, LH’, HH’, and LL
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native accentual categories, respectively. Such a clear correspondence between the
non-native tones and the native accentual categories may cast a beneficial effect on
Japanese listeners when encoding non-native tones in word learning. Note that
although So (2010) supported the mapping between non-native tonal categories
(Mandarin tones) and Japanese accentual categories, the mapping between the
Japanese accentual patterns and non-native tones (Cantonese tones) in the current
study is speculative in nature. At best, the Japanese listeners’ comparable sensitivity
to encode all the non-native tones could be presumably given credit to the diverse
accentual patterns lexically stored in Japanese, which may allow Japanese listeners
to tap into the phonological abstractness of tonal patterns to build mental
representations in word learning.

Dutch listeners showed no preference for any non-native pitch contrasts in
word learning. Prima facie, Dutch listeners displayed a similar pattern to Japanese
listeners. However, unlike Japanese listeners with comparably good performance,
Dutch listeners were comparably poor at encoding all the non-native tones. This
finding is in conflict with the prediction that Dutch listeners would be more sensitive
to non-native pitch level contrasts than contour contrasts in terms of the influence of
intonational nuclear tones. Dutch does not use lexical tones and thus the long-term
memory representations of pitch-based phonological categories stored in Dutch
listeners may be intonational nuclear tones consisting of a basic structure of H and L
tones (Gussenhoven, 2004). This was hypothesised to facilitate Dutch listeners to
better encode non-native level tones in word learning. However, the findings seem
to suggest that long-term memory representations of intonation pattern storage are
unavailable for application or re-use in the encoding of non-native tones in mental
representations in word learning.

To summarize the word learning results, language specific patterns seemed to
be determined by the native word prosody, more specifically, whether or not there
are lexical tones in the native language. For Mandarin listeners, tonal categories, i.e.,
three contrastive contour tones and one level tone, are lexically stored in the native
language, which may cause these listeners to show more sensitivity to non-native
contour tones than level tones in building sound-to-meaning associations. Japanese,
a restricted type of tone language (Hyman, 2009), uses pitch accent for lexical
contrasts. The presence/absence and the location of the pitch accent determine the
tonal patterns in prosodic words. Japanese tonal patterns are composed of a diverse
repertoire of rising (LH’), falling (H’L), and level (HH’/HH, LL) patterns, which
may enhance Japanese listeners to be sensitive to encode non-native contour and
level tones in word learning. In contrast, Dutch listeners as non-tone language
listeners struggled to encode all of the non-native tones lexically due to a lack of
lexical tones in the native language.
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5.3.2.4 Integration of the three processing levels

To put all the pieces together, the findings suggest that acoustic sensitivity to non-
native WPCs does not always predict successful processing of the non-native WPCs
at the phonological level and at the lexical level. Moreover, the native prosody
played different roles in influencing the listeners at differet processing levels.
Specically, the acoustic level, there were several factors that had an influence on the
listeners’ perceptual patterns: not only native word prosody, but also other factors,
i.e., intrinsic acoustic features of the non-native pitch contrasts and contextual tones.
More specifically, their native tonal experience (three contrastive contour tones and
one level tone) caused Mandarin listeners to be more sensitive to non-native pitch
contour contrasts than pitch level contrasts in the discrimination of non-native pitch
contrasts in isolation, which was observed in the current study as well as in previous
studies (Gandour, 1983; Francis et al., 2008; Qin & Mok, 2013). However, due to
facilitation by contextual tones in trisyllables, Mandarin listeners may be able to
build level tonal references that allow them to discriminate both non-native pitch
level contrasts as well as non-native pitch contour contrasts. The restricted tonal
system of Japanese may equip Japanese listeners with a general ability to
discriminate most non-native pitch contrasts, with the exception of T5-T6 which is
composed of two psycho-acoustically similar tones. Dutch listeners, without the use
of lexical pitch, were more successful in discriminating acoustically salient non-
native pitch contrasts than contrasts that were less acoustically salient. The findings
at the acoustic level showed that native word prosody was not the only factor to
influence the listeners. Moreover, native word prosody did not seem robust enough
to direct the listeners towards perceptual preferences for a specific pitch feature,
contrary to the relative perceptual weighting approach (Francis et al., 2008; Xu et al.,
2006; Lee et al., 1996).

However, at the phonological level, native word prosody and even native
intonation prosody seemed to take a salient effect in determining the listeners’
selective attention to a specific pitch feature (pitch contour or pitch level) when
processing the non-native pitch contrasts in trisyllables. Specifically, at the
phonological level listeners may not be able to rely on fine-grained acoustic
information, but rather have to tap into abstract representations to process the non-
native pitch contrasts. Hence, the long-term representations of pitch-based
phonological categories (i.e., tone and/or intonation) stored in the native language
kick in. More specifically, the long-term memory representations of lexical tonal
categories in Mandarin, lexical pitch fall in Japanese, and nuclear tones consisting of
H and L tones in Dutch intonation cast influence on the Mandarin, Japanese, and
Dutch listeners, respectively, leading them to give language-specific selective
perceptual weighting to non-native pitch contour contrasts or pitch level contrasts.

Phonological representations are relevant at both the phonological level (in a
sequence recall task) and lexical level (in word learning). The phonological level
requires the abstract representations of items (without meaning involved), while the
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lexical level requires listeners to draw upon abstract representations to integrate non-
native tones (sound) with meanings, which may be more cognitively demanding
than the processes involved in a sequence recall task. At the lexical level, it was
found that native word prosody, particularly the use of lexical tones, played a pivotal
role in determining the perceptual weighting assigned to non-native pitch contrasts
in word learning for the three language groups. Specifically, Mandarin listeners
were better at encoding non-native contour tones than level tones in building mental
representations, which could be attributed to a lack of level tones in Mandarin
(which has three contour tones and only one level tone). The diversity of tonal
patterns in Japanese prosodic words may benefit Japanese listeners to show
comparable sensitivity to both non-native contour tones and level tones. In contrast,
Dutch listeners were comparably insensitive to both non-native contour and level
contrasts, presumably due to a lack of native lexical tones and inability to reuse
native intonational nuclear tones to encode non-native tones in word learning.

In conclusion, it was found that not only native word prosody but also acoustic
factors influenced cross-linguistic perception of non-native pitch contrasts at the
acoustic level. Tone language (Mandarin and Japanese) and non-tone language
(Dutch) listeners did not display any preference for a particular pitch feature (pitch
contour/pitch level) in acoustic discrimination. Comparatively, at the phonological
and lexical levels native word prosody had a more robust and active influence on
listeners’ selective perceptual weighting on a specific pitch feature. At the
phonological level, Mandarin and Japanese listeners were affected by lexical tones
and lexical pitch fall to distribute selective attention to the features of pitch, while
the attention of non-tone language listeners, i.e., Dutch listeners, was determined by
intonational nuclear tonal categories. However, the native intonational nuclear tones
seemed unavailable for Dutch listeners to make use of in word learning, while
Mandarin and Japanese listeners were profoundly influenced by the native word
prosody. This seems to suggest that only long-term storage of lexical tone patterns
facilitates listeners’ selective weighting on pitch features in word learning. Note that
only Mandarin listeners, canonical tone language listeners, showed consistent
perceptual patterns at the phonological and lexical level in that they were more
sensitive to non-native pitch contour contrasts than pitch level contrasts. In contrast,
Japanese listeners, with a restricted tonal system, revealed different patterns at the
phonological level and lexical level. They were guided by the lexical pitch fall at the
phonological level so that they were more attentive to non-native pitch contrasts
paired with the non-native falling tone. However, they were comparably sensitive to
encode both non-native pitch contour contrasts and pitch level contrasts in word
learning, which was presumably due to the diversity of tonal patterns (accentual
patterns) in their native word prosody. The differences between the consistency of
Mandarin listeners’ behaviour and inconsistency of Japanese listeners’ seem to
indicate differences in the actual status of lexical tones and lexical pitch accent in
these languages.
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Last but not least, the language specific patterns observed at different
processing levels in this dissertation provide some support for the approach
suggesting selective perceptual weighting on pitch features in long-term storage
(Francis et al., 2008; Xu et al., 2006; Lee et al., 1996). Such an approach seems to be
more tenable when the processing of non-native pitch contrasts involves abstractness
(at the phonological level and the lexical level), compared with acoustic
discrimination.

5.3.3 Influence of position on cross-linguistic pitch processing at the acoustic,
phonological, and lexical levels

5.3.3.1 Influence of position at the acoustic level

To start with, position was found to play no role in the acoustic discrimination of
non-native pitch contrasts in trisyllables. All three language groups showed better
performance with respect to word-final position compared to word-initial and word-
medial positions, which was not compatible with the predictions based on the native
phonology. According to the predictions, Mandarin listeners would not prefer
specific positions due to a lack of lexical positional marking; Dutch listeners would
be more sensitive to non-native contrasts that occurred word-medially than those
word-initially and/or word-finally according to the tendency for lexical stress to fall
at the right-hand word edge in Dutch; Japanese listeners would not prefer any
specific positions due to native accentuation in Japanese, as the unaccented pattern
is dominant in Japanese trimoraic words. Contrary to these predictions, an observed
preference for word-final position over word-initial and/or medial position in all
three groups was found. This could be attributed to a recency effect leading listeners
to recall acoustic information in the final position better than in the initial position
since the acoustic information of the offset retains longer than that of the onset
(Demany & Semal, 2008).

5.3.3.2 Influence of position at the phonological level

Different from its role at the acoustic level, at the phonological level position was
observed to influence the perception of non-native pitch contrasts in trisyllables for
each language group. Previously it was predicted that Mandarin listeners and
Japanese listeners would show no preference for any position, while Dutch listeners
would favour the word-medial position. However, the current findings were not in
accordance with these predictions. For one, a language-general pattern was observed,
which was not predicted. All three groups displayed a preference for word-final
position over word-initial position and/or word-medial position when perceiving
non-native pitch contour vs. pitch level contrast T4-T6. This could not be
parsimoniously accounted for by the recency effect, since if it were due to the
recency effect, the preference for word-final position rather than word-initial and
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word-middle position should also be observed in the perception of the other
contrasts. This, however was not found in the current study. Instead, the influence of
intonation contours may explain the observed language-general pattern. To be more
specific, it is generally accepted that languages use intonation patterns to signal
post-lexical linguistic (pragmatic and paralinguistic) meanings. For instance, a
falling contour at the end of an utterance is cross-linguistically associated with
assertive meaning (Ladd, 1996; Cruttenden, 1981, 1997), which is observed in
Mandarin (Shih, 1997, 2000; Lai et al., 2014), in Japanese (Sugito, 1981; Poser,
1984; Pierrehumbert & Beckman, 1988), and in Dutch (Gussenhoven & Rietveld,
1988). Listeners may associate the word-final falling tone with an intonational
terminal fall signalling assertiveness and thus it might be distinctive enough to be
differentiated from the word-final low level tone T6, compared with this T4-T6
contrast on word-initial and word-medial position. However, such perceptual
association between the non-native tone categories and intonation categories is
speculative. It would be necessary to conduct a true study on overt mapping between
the native intonation categories and the non-native tone categories (as was done for
the mapping between Mandarin tonal categories and intonation categories in So &
Best, 2014).

Language-specific patterns were also found with respect to the influence of
position. Dutch listeners relied on position in the perception of specific non-native
pitch contrasts. They preferred the final position over word-initial and -medial
positions only when perceiving T4-T6. However, they showed comparable
confusion with T4-T5 and T3-T6 (still above chance level) regardless of the
positions they occurred in a word. Presumably due to a lack of lexical tones in the
native language, Dutch listeners may refer to intonation patterns signalling post-
lexical meanings when perceiving the non-native pitch contrasts. When the non-
native tonal contrast belongs to the same category, i.e., both T4 and T5 are contour
tones or both T3 and T6 are level tones, Dutch listeners seemed unable to rely on the
native intonation contours. It seems they could rely on the native intonation only
when the two tones in the contrast were in different tonal categories, i.e., pitch
contour vs. pitch level T4-T6, and when such contrast occurred in the final position.
It is worth noting that Braun & Johnson (2011) reported that Dutch listeners were
more sensitive to non-native Mandarin falling tone versus the rising tone word-
finally than word-initially in AXB speeded tasks. The authors ascribed such a
preference to the resemblance of the final pitch patterns with intonation patterns
signalling statement vs. question in Dutch. However, the current findings seem to
suggest that Dutch listeners may be able to associate the intonation patterns with
non-native contrastive contour tones at the acoustic level, but such associations may
be weak when they need to incorporate tonal patterns into word meaning.

As for Mandarin listeners, position played a complex role in their perception of
non-native pitch contrasts. On the one hand, Mandarin listeners were not influenced
by position when perceiving the non-native pitch contour contrast T4-T5 at the
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phonological level. They were good at perceiving T4-T5 in all positions, which
could be attributed to facilitation from the native contrastive contour tones
(Mandarin rising vs. falling tone). On the other hand, unlike their overall strong
perception of T4-T5 regardless of position, Mandarin listeners preferred word-
medial position over word-initial and word-final position when perceiving the non-
native pitch level contrast T3-T6. Presumably due to a lack of pitch level contrasts
in the native word prosody (only one level tone in Mandarin), Mandarin listeners
seemed to require tonal references to successfully perceive non-native pitch level
contrasts. More specifically, the T3-T6 contrast that occurred word-medially (T3-
T3-T3 vs. T3-T6-T3) enjoys the benefit of two neighbouring level tones. The two
contextual level tones could “highlight” the T3-T6 contrast in the medial position to
be more salient for Mandarin listeners, compared with when T3-T6 occurred in the
initial or final position with only one contextual tone.

Unlike Mandarin and Dutch listeners, Japanese listeners always favoured
word-medial position to word-initial and word-final position. The prediction that
Japanese listeners would not prefer any position was based on the assumption that
they would perceive trisyllabic non-words as 3-mora words. From the observed
pattern, however, it can be inferred that Japanese listeners perceive trisyllabic
CVCVCV non-words not as 3-mora words, but as words of six moras or even longer,
considering the duration of the word (Hoequist, 1983).% According to the native
accentuation (Sato, 1993; Kubozono, 1998, 2006; Suzuki, 1995; Kitahara, 2001), the
dominant position where pitch accent falls in 5- to 7-mora words is the
antepenultimate mora, which is the medial position in this case.

To summarize the role of position at the phonological level, it was shown that
position interacts closely with the perception of non-native pitch contrasts. All
groups of listeners perceived the non-native pitch contour vs. pitch level contrast
(T4-T6, falling tone vs. level tone) more accurately in word-final than word-initial
or word-medial position, which can be presumably attributed to the influence of
intonation across languages. The native word prosody and intonation prosody
influenced each language group to display specific patterns depending on position
when processing non-native pitch contrasts at the phonological level.

5.3.3.3 Influence of position at the lexical level

In the most cognitively demanding task, namely word learning, position was found
to influence each language group differently, based on analyses for exploratory
purposes. It affected Japanese listeners but not Mandarin and Dutch listeners when
encoding non-native tones lexically. More specifically, Japanese listeners were

28 One mora in Japanese is usually around 100-150 ms in normal tempo in natural speech (see
Hoequist, 1983 for details). The trisyllabic non-words used in the study were each 950 ms,
much longer than the phonetic duration of 3-mora words to Japanese ears. Thus, they may
have perceived the trisyllabic non-words as consisting of six or more moras.
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observed to prefer word-final to word-initial position only in the case of the falling
tone T4, different from the prediction that they would be overall more sensitive to
word-initial than word-final position based on the native word prosody. The fact that
the influence of position only emerged in the encoding of T4 can perhaps be
accounted for by intonation. The falling tone T4 in final position in a tonal pattern
T3-T4 may resemble a falling pitch contour at the end of an utterance that signals
assertive meaning (Bolinger, 1978, 1982; Cruttenden, 1981; Sugito, 1981; Poser,
1984; Pierrehumbert & Beckman, 1988). Japanese listeners may thus associate a
falling tone in final position with a terminal fall in a statement, which may provide
final T4 with salience and differentiate it from T4 in initial position. Note that
proposing perceptual equivalence between non-native tone categories and native
intonation categories is admittedly speculative.

Mandarin listeners, as predicted, showed no preference for any positions in the
encoding of non-native tones in disyllabic non-words in word learning. Their
comparably good performance in encoding the non-native tones occurring either
word-initially or word-finally could be due to the use of lexical tones in the native
language. Although Mandarin does not have lexical positional marking, the native
lexical tones may allow them to make use of the tonal sensitivity to establish mental
representations of non-native tones associated with meanings.

Although Dutch has a default right-hand word edge position for lexical stress,
Dutch listeners were not predicted to display a bias for initial position in the
encoding of non-native tones in word learning. Rather, they performed relatively
poorly when encoding non-native tones in both initial and final position. Presumably
due to a lack of lexical tones in the native language, they had difficulty building
mental representations for non-native tones in sound-to-meaning mapping, which
may have obscured the contrastive role of position in the native language and
prevented it from affecting their word learning. This shows that positional
perception of pitch at the lexical level seems to depend on pitch perception accuracy.

5.3.3.4 Integration of the influence of position at three processing levels

Altogether, position played different roles at different processing levels. In acoustic
discrimination, position did not influence listeners when discriminating non-native
pitch contrasts in trisyllables. Listeners all preferred word-final position to word-
initial and medial positions, attributable to the recency effect. The influence of
position was not robust in that listeners may discriminate the pitch information
through an acoustic approach. However, when the acoustic level of representations
is inaccessible (at the phonological level), position may jump into the foreground
and take part in the perception of non-native pitch contrasts in trisyllables. Position,
on the one hand, had a general influence on all groups of listeners in the perception
of the non-native pitch contour vs. pitch level contrast (T4-T6). All three groups
manifested more sensitivity in perceiving T4-T6 word-finally than word-initially
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and/or word-medially, which was attributable to the influence of intonation across
languages.

On the other hand, position also exerted an effect on each language group
differently. For Mandarin listeners, canonical tone language listeners, perception of
specific non-native pitch contrasts depended on certain positions and such
dependence was determined by the features of native tones. For instance, the
contrastive contour tones in Mandarin benefited Mandarin listeners to perceive a
non-native pitch contour contrast regardless of the position in which it occurred.
However, presumably due to a lack of native contrastive level tones, they needed to
depend on the word-medial position to build tonal references in order to achieve
good performance when perceiving non-native level contrast. For Japanese listeners,
who use the position of lexical pitch accent, the effect of position was licensed by
the native pattern of lexical pitch accent, that is, the dominant accentual pattern (i.e.,
where pitch accent dominantly falls in words) determined their positional preference
in the perception of non-native pitch contrasts. In contrast, for Dutch listeners, non-
tone language listeners, the influence of position was active with a limited “licensing”
from intonation. Although Dutch uses positional marking, the language lacks the use
of tones. Position affected Dutch listeners only in the perception of the non-native
pitch contour vs. pitch level contrast T4-T6, which may be due to the influence of
intonation contours. However, the terminal intonation contour seemed to be
unavailable to facilitate Dutch listeners’ perception of the non-native pitch contour
contrast T4-T5 and the level contrast T3-T6 in word-final position. Although Braun
& Johnson (2011) argued that Dutch listeners may link the non-native rising tone vs.
falling tone in word-final position with sentential assertive and interrogative
meaning, respectively, in AXB speeded tasks, the observed pattern of Dutch
listeners in the current study indicates that such association might be unavailable at
the phonological level. Moreover, the observed pattern seems to suggest that the
mental representations of intonational categories are weaker than those of tone
categories in the perception of non-native pitch contrasts at the phonological level.

In the encoding of non-native tones in sound-to-meaning mapping in
disyllables, position might play a role only in Japanese listeners but not Dutch or
Mandarin listeners, based on analyses of exploratory purposes. For Japanese
listeners, position seemed influential only for the encoding of non-native falling tone
T4, that is, Japanese listeners showed better performance with respect to word-final
position than word-initial position. This could be due to the word-final falling tone
being associated with the terminal falling contour in intonation, making it more
easily differentiated compared to when it occurred in word-initial position.
Mandarin listeners, despite their lack of positional cues in word prosody, were
nevertheless adept at encoding non-native tones occurring either word-initially or
word-finally. Their tonal experience in the native language benefited their encoding
of non-native tones as they were able to do so robustly without being affected by the
position in which they occurred in a word. In contrast, Dutch listeners, who do not
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use lexical tones in the native language, may have needed to refer to another pitch-
based category, intonation. However, it seems that access to intonational categories
was not available for Dutch listeners building mental representations of non-native
tones. The positional perception of pitch at the phonological and lexical levels seems
to depend on pitch perception overall. Dutch listeners never showed their predicted
sensitivity to position as they likely could not perceive the tones in the first place.

To conclude, position had no influence on the perception of non-native pitch
contrasts in trisyllables at the acoustic level for all three language groups. This
seems to suggest that for the purpose of non-native pitch discrimination, the acoustic
information in trisyllables may have sufficed for listeners without a need for
additional information about where the pitch contrasts occurred. However, when
processing taps into more abstract representations, i.e., at the phonological and
lexical levels, the position where the non-native pitch contrasts occurred mattered.
More specifically, the influence of position seems to be determined by the native
word prosody. For instance, Mandarin does not use contrastive level tones. When
perceiving non-native pitch level contrast T3-T6 in trisyllables at the phonological
level, Mandarin listeners preferred word-medial position over word-initial and word-
final position. Presumably due to a lack of contrastive level tones, Mandarin
listeners may need tonal references to perceive non-native pitch level contrasts. The
two contextual level tones may highlight T3-T6 in the medial position, making it
more salient for Mandarin listeners, compared with when T3-T6 occurred in the
initial and final positions with only one contextual tone. Furthermore, the finding
that Dutch listeners were not influenced by position as was predicted at the
phonological and lexical levels seems to indicate that the influence of position is
licensed by pitch perception. If the listeners could not achieve good perception of
non-native tones in the first place, the assistance of positional information seems to
not be able to compensate at abstract processing levels.

5.3.4 Influence of native intonation prosody on the processing of non-native
WPCs

From the findings it can be concluded that native intonation prosody plays a role, to
some extent, in the processing of non-native WPCs at the acoustic, phonological,
and lexical levels. I will now discuss the influence of native intonation prosody
based on the overall performance across groups and the patterns observed within
each language group, respectively.

To begin with, according to the overall performance at each processing level,
Dutch non-tone language listeners showed a disadvantage compared to Mandarin
and Japanese tone language listeners in the processing of non-native pitch contrasts
in trisyllables and disyllables. This is presumably due to a lack of use of lexical pitch
(i.e., low functionality of pitch) in their native language (Schaefer & Darcy, 2014).
However, despite their comparatively worse performance, Dutch listeners’ overall
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performance was still above chance level when processing non-native WPCs in
acoustic discrimination, sequence recall, and in word learning. This could be due to
the influence of native intonation prosody. Although Dutch does not have lexical
tones, it has a rich repertoire of intonational nuclear tones (24 types) (Gussenhoven,
2004). This diversity of nuclear tonal patterns may allow them to perform better than
chance when processing the non-native pitch contrasts at each level.

Regarding the patterns observed within each language group, at the acoustic
level, Mandarin listeners showed comparably good performance discriminating non-
native pitch contour and pitch level contrasts. Japanese listeners were good at
discriminating most of the non-native pitch contrasts except for T5-T6. Finally,
Dutch listeners were more sensitive to acoustically salient non-native pitch contrasts
than acoustically non-salient ones. Their perceptual patterns in acoustic
discrimination were accounted for by the influence of native use of lexical pitch and
the acoustic salience of the non-native tones. It seems that at the acoustic level,
intonation did not guide listeners’ perceptual weighting on specific features of non-
native tones.

However, intonation was found to play a role to some extent in determining
listeners’ (particularly, Dutch listeners’) perceptual pattern at the phonological level.
It was found that Mandarin listeners were better at processing non-native contour
contrasts than level contrasts. Japanese listeners were more sensitive to non-native
pitch contrasts paired with a non-native falling tone than other contrasts. Dutch
listeners showed better performance when processing non-native pitch level
contrasts than contour contrasts. The language specific patterns of Mandarin and
Japanese listeners were presumably guided by the native tonal system in word
prosody, i.e., the long-term storage of pitch-based representations of the contrastive
contour tones in Mandarin listeners, lexical pitch fall in Japanese listeners (Francis
et al., 2008; Lee et al., 1996; Xu et al., 2006. In contrast, due to a lack of lexical
tones in the native language, Dutch listeners may have to draw upon native
representations of pitch-based categories, specifically intonation patterns, to process
non-native pitch contrasts. The nuclear tones in intonation consist of H and L tones
(Gussenhoven, 2004), which may determine Dutch listeners’ preference for non-
native pitch level contrasts over contour contrasts.

Furthermore, intonation may have a general influence on tone language
(Mandarin and Japanese) and non-tone language (Dutch) listeners when perceiving a
specific non-native pitch contrast T4-T6 (low falling vs. low level) at the
phonological level. All three groups preferred to perceive this contrast when it
occurred word-finally rather than word-initially and/or word-medially. This could be
presumably attributed to an influence of intonation. All three languages were
observed to use falling contours at the end of an utterance to signal assertive
meanings (Dutch: Gussenhoven & Rietveld, 1988; Japanese: Sugito, 1981; Poser,
1984; Pierrehumbert & Beckman, 1988; Mandarin: Shih, 1997, 2000; Lai et al.,
2014). Listeners may perceptually equate the word-final falling tone T4 with a
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terminal falling contour signalling assertive intonation, rendering it distinctive
enough to be differentiated from the word-final low level tone T6, compared with
the same T4-T6 contrast occurring in word-initial and word-medial position.
However, note that such perceptual equivalence between non-native tone categories
and intonation categories is speculative since we did not conduct mapping
experiments between non-native tones and intonation categories as was done in So
& Best (2014).

At the lexical level, intonation seemed inactive. Mandarin listeners were more
accurate in encoding non-native contour tones compared to level tones in sound-to-
meaning mapping. Japanese listeners showed comparably good performance
encoding both non-native contour tones and level tones in word learning. The
learning patterns of Mandarin and Japanese listeners were accounted for by the
influence of Mandarin lexical tonal categories and Japanese lexical accentual
categories, respectively (see 8.4.3 and &.3.2.3 for details). Nonetheless, Dutch
listeners were comparably poor at encoding non-native contour tones and level tones
lexically. That is, intonational nuclear tonal categories seem to be unavailable for
Dutch listeners to reuse in word learning. This seems to suggest that the
representations of intonational patterns are not as strong as those of lexical tonal
categories with respect to listeners’ integration of non-native tones with meanings in
word learning.

To summarize, native intonation prosody may assist non-tone language
listeners, i.e., Dutch listeners, in the processing of non-native pitch contrasts in
trisyllables/disyllables at three processing levels, with overall performance above the
chance level. However, presumably due to a lack of lexical tones (i.e., a low
functionality of pitch) in the native language, Dutch listeners showed overall worse
performance than tone language listeners, i.e., Mandarin and Japanese listeners, at
all three processing levels. Moreover, it seems that neither native word prosody nor
intonation prosody influenced listeners (of all three groups) to show relative
sensitivity to features of non-native tones in acoustic discrimination. However, at
more abstract phonological and lexical levels, the presence of tonal categories in
Mandarin and accentual patterns in Japanese led these listeners to show relative
preference for specific pitch contrasts. In contrast, Dutch listeners’ perceptual
pattern was guided by native intonation prosody but limited at the phonological level.
Intonation prosody did not seem to cause Dutch listeners to show relative sensitivity
in word learning.

5.4 General conclusion and suggestions for future research

This dissertation investigated how and to what extent native word prosody comes
into play in the cross-linguistic processing of non-native pitch contrasts and position
in acoustic discrimination (at the acoustic level), in a sequence recall task (at the
phonological level), and in word learning (at the lexical level) by examining
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Mandarin, Japanese, and Dutch listeners. It focused on how native word prosody in
general affects the processing of non-native WPCs (overall performance across
language groups), how language groups differ in their perceptual patterns with
respect to specific pitch features (the specific patterns of each language group) and
how position influences the processing of non-native pitch contrasts (interaction
between position and non-native pitch contrasts). It addressed how native word
prosody, sometimes with native intonation prosody, guides listeners from different
language groups from a lower linguistic level, the acoustic level, to higher levels, the
phonological and lexical levels, when processing non-native pitch contrasts and
position, and provided evidence of both language-general and language-specific
patterns in the processing of non-native WPCs.

Based on the findings, some suggestions can be made for future studies. First
of all, this dissertation selected Cantonese tones (three contrastive level tones and
two contour tones) as its stimulus materials. In an early stage of experimental design,
Thai tones were considered as an option since Central Thai has five tones, viz. high
vs. mid. vs. low level tones and rising vs. falling contour tones (Abramson, 1978;
Burnham et al., 2015). However, considering that the sequence recall task in Chapter
3 requires different voices for the stimuli (three females and three males as in
Dupoux et al., 2001, 2008), a large number of Thai native speakers were needed,
more than could be found in our location in the Netherlands. Due to this practical
issue, Cantonese was selected as it is, compared with Thai, spoken by a relatively
large population in the Netherlands. Future studies can consider using Thai tones to
investigate cross-linguistic processing of non-native WPCs at the three levels,
provided enough Thai speakers can be recruited for the creation of stimuli. It is
notable that tonal features per se are different in Cantonese and Thai. For instance,
high level tone and mid level tone in Thai are not phonetically contrastive “high vs.
mid”. Thai high level tone shares similar onset with mid level tone and it rises
towards the offset, which is in parallel to Thai rising tone (Abramson, 1978; Morén
& Zsiga, 2006; Zsiga & Nitisaroj, 2007; Burnham et al., 2015) while the three level
tones of Cantonese are relatively distinctive in acoustic space (Fok Chan, 1974;
Bauer & Benedict, 1997; Qin & Mok, 2013).

Second, this dissertation investigated naive listeners of Mandarin, Japanese,
and Dutch who employ different combinations of prosodic cues for lexical contrast
and found that native word prosody (sometimes together with the native intonation
prosody) played a pivotal role in the processing of non-native WPCs at different
levels. To further understand the role of native word prosody from a typological
perspective, it would be illuminating for future studies to include naive listeners
whose native language does not use any word prosodic cues, such as French (Rossi,
1980; Di Cristo, 1988; Vaissiée, 1991) or Seoul Korean listeners (Jun, 2007). This
may provide a more comprehensive view of how the native word prosody and/or
native intonation prosody together influence listeners’ encoding of non-native WPCs,
for instance, whether and/or to what extent listeners without the native use of WPCs
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(e.g., French or Seoul Korean listeners) are affected by their native intonation
prosody when processing non-native WPCs acoustically, phonologically and
lexically.

Third, this dissertation focused on naive listeners without any exposure to non-
native tones and thus provided a baseline for the role native word prosody plays in
listeners at the earliest stage of acquisition in the processing of non-native WPCs at
different processing levels. It would be interesting to examine listeners with
experience with the non-native tones (i.e., L2 learners with different proficiency
levels) and investigate how and to what extent the native language can influence the
encoding of non-native WPCs in the three processing levels by L2 learners in
comparison with naive listeners.

Last but not least, Chapter 4 applied a picture selection task to investigate the
encoding of non-native WPCs at the lexical level, revealing for each language group
specific patterns of integrating non-native tones in disyllables to meanings in word
learning. The findings were based on the listeners’ responses, i.e., correct or
incorrect and the type of errors they made. It would be interesting to conduct an
online processing experiment, for example an eye-tracking study, which can probe
the real-time dynamics of word learning in each language group.
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Appendix A: Rating for “naturalness” of non-words

The /bababa/ sequence (in 8.2.2) was presented to five Cantonese native speakers,
four Mandarin native speakers, two Japanese native speakers and four Dutch native
speakers in four conditions: no silence inserted among each syllable in /bababa/, 15
ms, 25 ms, 35ms and 50ms silence inserted among each syllable in /bababal/,
respectively. They were required to score to what extent /bababa/ sounded like a
natural word on a 5-point scale (where 1 means ‘not word-like’ and 5 ‘extremely
word-like’). Table A.1 shows the number of participants in each language group
who rated the words.

Table A.1. Rating scores for the naturalness of the word /bababa/.

Rating for the naturalness of the word /bababa/

Silence Number of 1 2 3 4 5
types participant

Cantonese
No Mandarin
silence Dutch

Japanese

[EN

e L L S

Cantonese

15ms Mandarin
Dutch 1
Japanese

PN WNEFEDNPEPE W

Cantonese
25ms Mandarin

Dutch

Japanese

R EFEP NN
-

Cantonese 1

35ms Mandarin
Dutch 1
Japanese

[y

Cantonese 2

50ms Mandarin
Dutch 1
Japanese

=
N R RRPRPNONNRPRPNNRE ®ORR,ERN

N EFPNNPEFENEPEDN
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The /kupi/ sequence (in 81.2.2) was presented to five Cantonese native speakers,
four Mandarin native speakers, two Japanese native speakers and four Dutch native
speakers in four conditions: no silence inserted among each syllable in /kupi/, 15 ms,
25 ms, 35ms and 50ms silence inserted among each syllable in /kupi/, respectively.
They were required to score to what extent /kupi/ sounded like a natural word on a
5-point scale (where 1 means ‘not word-like’ and 5 ‘extremely word-like”). Table
A.2 shows the number of participants in each language group who rated the words.

Table A.2. Rating scores for the naturalness of the word /kupi/.

Rating for the naturalness of the word /kupi/

Silence
types

Number of
participant

1 2 3 4 5

No
silence

Cantonese
Mandarin
Dutch
Japanese

=

15ms

Cantonese
Mandarin
Dutch
Japanese

e i i S
P NNRP RPN

25ms

Cantonese
Mandarin
Dutch
Japanese

35ms

Cantonese
Mandarin
Dutch
Japanese

[y

N
P RPN RPN RDNRPRNNREN
N = Sl
[EEN

50ms

Cantonese
Mandarin
Dutch
Japanese

R Wk PPN

= W NN
[EN
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Appendix B: Parameter estimates

Table B.1: Parameter estimate, standard error, t-value, p-value, and 95% confidence
interval of the predictors for the AX discrimination task in Experiment 2 (perception
of non-native pitch contrasts in trisyllables) in Chapter 2.

Fixed effects Est. Std. t Sig. 95% ClI

Error Lower  Upper
Intercept 2.513 .689 3.649 .000 1.163 3.863
lan=D -2.837 375 -7560 .000 -3573 -2.101
lan =J -2.281 376 -6.062 .000 -3.018 -1.543
con=1 .876 974 .900 368  -1.033 2.785
con=2 3.649 1.409 2.590 .010 .888 6.410
con =3 5.124 1.681 3.049 002 1.829 8.418
con =4 2.105 1.126 1.870 062  -.102 4311
con =5 1.983 1.028 1.929 054  -.032 3.998
con =6 2.261 1.014 2.231 026 275 4.248
con =7 .039 944 042 967 -1.812 1.891
con =8 2.159 .968 2.232 026 262 4.056
con =9 -.061 927 -.066 948  -1.877 1.756
pos=1 -.735 914 -.804 421 -2.526 1.056
pos=2 -.451 918 -.491 623 -2.249 1.348
[lan=D]*[pos=1] .348 .269 1.295 195 -179 .875
[lan=D]*[pos=2] .195 .285 .684 494 -364 754
[lan=J]*[pos=1] -172 .285 -.604 546 -732 .387
[lan=J]*[pos=2] -.617 .300 -2.056 .040 -1.205 -.029
[lan=D]*[con =1] 2.575 422 6.100 .000 1.748 3.403
[lan=D]*[con=2] .312 1.092 .286 775  -1.828 2452
[lan=D]*[con=3] .528 1.107 AT7 634  -1.643 2.698
[lan=D]*[con =4] 1.607 733 2.193 028 171 3.044
[lan=D]*[con =5] 1.810 484 3.739 .000 .861 2.759
[lan=D]*[con =6] .528 460 1.150 250  -.372 1.429
[lan=D]*[con =7] 2.842 .346 8.214 .000 2.164 3.520
[lan=D]*[con =8]  -.478 404 -1.182 237 -1.270 315
[lan=D]*[con=9] 1.690 318 5.321 .000 1.067 2.312
[lan=J]*[con =1]  3.265 468 6.973 .000 2.347 4.183
[lan=J]*[con=2]  .565 1.107 510 610 -1.604 2734
[lan=J]*[con =3] .862 1.120 770 441 -1332  3.057
[lan=J]*[con =4]  2.947 .955 3.086 002  1.075 4.820
[lan=J]*[con =5] 1.767 480 3.680 .000 .826 2.708
[lan=J]*[con =6]  1.273 472 2.695 007 347 2.198
[lan=J]*[con =7]  3.227 .354 9.120 .000 2533 3.921
[lan=J]*[con =8]  -.313 403 -775 438  -1.103 478

[lan=J]*[con=9]  2.501 325 7696 000 1.864  3.139
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[pos=1]*[con=1]
[pos=2]*[con =1]
[pos=1]*[con =2]
[pos=2]*[con=2]
[pos=1]*[con =3]
[pos=2]*[con =3]
[pos=1]*[con =4]
[pos=2]*[con =4]
[pos=1]*[con=5]
[pos=2]*[con=5]
[pos=1]*[con =6]
[pos=2]*[con =6]
[pos=1]*[con =7]
[pos=2]*[con =7]
[pos=1]*[con =8]
[pos=2]*[con =8]
[pos=1]*[con =9]
[pos=2]*[con =9]

-.138
.289
-.053
1.710
-1.417
-1.116
.549
2.305
-.379
214
-.730
284
-.902
-.081
-.669
-1.095
-.805
-.463

1.310
1.322
1.376
1.539
1.669
1.683
1.387
1.673
1.334
1.353
1.304
1.322
1.285
1.294
1.273
1.271
1.267
1.269

-.105
218

-.039
1.111
-.849
-.663
.396

1.378
-.284
158

-.559
215

-.702
-.063
-.526
-.862
-.636
-.365

916
827
.969
.267
.396
507
692
.168
776
874
576
.830
483
.950
.599
.389
525
715

-2.705
-2.302
-2.750
-1.308
-4.688
-4.414
-2.170
-.974

-2.995
-2.437
-3.287
-2.307
-3.421
-2.618
-3.164
-3.587
-3.289
-2.950

2.429
2.879
2.644
4.727
1.853
2.182
3.268
5.583
2.236
2.866
1.827
2.874
1.617
2.456
1.826
1.397
1.679
2.024

Note: Mandarin group is the reference language group; tonal contrast 10, position

3 (word-final position) are the reference categories.

lan: language; pos: position; con: tonal contrast
D: Dutch group, J: Japanese group.
Position 1: word-initial position, Position 2: word-medial position, Position 3:

word-final position.

Tonal contrast 1 to 10: T1-T3, T1-T4, T1-T5, T1-T6, T3-T4, T3-T5, T3-T6, T4-

T5, T4-T6, T5-T6, respectively.
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Table B.2: Parameter estimate, standard error, t-value, p-value, and 95% confidence
interval of the predictors for the AX discrimination task in Experiment 3 (perception
of non-native positional tones in trisyllables) in Chapter 2.

Fixed effects Est. Std. t Sig. 95% Confidence
Error Interval
Lower Upper
Intercept 2.045 1.173 1.744 .081  -.254 4.344
lan=D - 1.185 -1.413 158  -3.997 .649
1.674

lan=J -.193 1.346 -.143 .886  -2.832 2.447
T=1 2.578 1.510 1.708 .088  -.382 5.538
T=3 2.010 1.334 1.506 132 -.606 4.626
T=4 1.902 1.270 1.498 134 -588 4.392
T=5 464 1.157 401 .689  -1.805 2.733
poscon=1 .763 .736 1.037 300 -.680 2.207
poscon=2 136 .636 213 831  -1.111 1.383
[poscon=1]* -.653 787 -.829 407 -2.195 .890
[lan=D]

[poscon=2]* .396 .704 563 574 -985 1.777
[lan=D]

[poscon=1]* -.838 .868 -.966 334 -2.540 .863
[lan=J]

[poscon=2]* -.345 .784 -.440 .660  -1.883 1.192
[lan=J]
[T=1]*[lan=D] .353 1.552 227 .820  -2.691 3.397
[T=3]*[lan=D] 716 1.359 527 598  -1.948 3.381
[T=4]*[lan=D] .095 1.258 .076 940  -2.371 2.562
[T=5]*[lan=D] -.873 1.176 -.743 458  -3.179 1.432
[T=1]*[lan=J] 1.888 1.135 .013 990  -2.577 3.353
[T=3]*[lan=J] .699 1.596 438 .661  -2.430 3.829
[T=4]*[lan=J] 409 1.457 .281 779 -2.448 3.266
[T=5]*[lan=J] -.968 1.319 -734 463 -3.554 1.618
cont=1 4.086 927 4.410 .000 2.269 5.902
cont=3 2.610 412 6.332 .000 1.802 3.418
[T=1]*[cont=3]  -.911 1.201  -.758 448  -3.265 1.443
[T=3]*[cont=1] -3.045 1.171 -2.600 .009  -5.342 -.749
[T=4]*[cont=1] -3.006 1.093 -2.751 .006  -5.149 -.863
[T=4]*[cont=3] -1.893 670 -2.823 .005  -3.207 -.578
[T=5]*[cont=1] -.350 1.044 -.335 738 -2.397 1.697

Note: Mandarin group is the reference language group; Tone 6, positional contrast 3
(word-medial vs. word-final), contextual tone T6 are the reference categories.

lan: language; T: tone; poscon: positional contrast; cont: contextual tone

D: Dutch group, J: Japanese group.
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Positional contrast 1: word-initial vs. word-medial position, Position 2: word-initial
vs. word-final position, Position 3: word-initial vs. word-final position.
Contextual tone 1: T1; Contextual tone 3: T3; Contextual tone 6: T6

Table B.3: Parameter estimate, standard error, t-value, p-value, and 95% confidence
interval of the predictors for the sequence recall task in Chapter 3.

Fixed effects Est. Std. t Sig. 95% ClI

Error Lower Upper
Intercept .681 .250 2.724 006  .191 1.171
lan=D -.638 .2840 -2.248 025  -1.195 -.082
lan=M .720 .289 2.493 013 154 1.285
con=1 2.285 212 10.790 .000 1.870 2.700
con =2 1.350 .229 5.898 .000  .902 1.799
con =3 1.969 231 8.509 .000 1516 2.423
[con=1]*[lan=D]  -.040 122 -.324 746 -.280 .200
[con=2]*[lan=D]  -1.150 109 -10.546 .000 -1.364 -.936
[con=3]*[lan=D]  -1.100 110 -10.030 .000 -1.315 -.885
[con=1]*[lan=M] -.485 152 -3.190 .001 -.783 -.187
[con=2]*[lan=M] .188 1420 1.328 184 -.090 467
[con=3]*[lan=M] -437 130 -3.368 .001  -.692 -.183
pos=1 -573 224 -2.560 010  -1.012 -.134
pos=2 1.705 231 7.394 .000  1.253 2.157
[pos=1]*[lan=D] 532 .099 5.396 .000  .339 725
[pos=2]*[lan=M] -1.413 114 -12.347 .000 -1.637 -1.188
[pos=1]*[lan=D] 1.346 124 10.885 .000 1.104 1.589
[pos=2]*[lan=M]  -.563 134 -4.187 .000 -.826 -.299
[con=1]*[pos=1] -.769 254 -3.027 002  -1.267 -271
[con=1]*[pos=2] -1.120 .245 -4.563 .000 -1.601 -.639
[con=2]*[pos=1] -.618 .298 -2.074 .038  -1.202 -.034
[con=2]*[pos=2] -.829 .305 -2.717 007  -1.427 -231
[con=3]*[pos=1] -1.473 .309 -4.774 .000 -2.078 -.868
[con=3]*[pos=2] -2.111 311 -6.791 .000 -2.721 -1.502

Note: Japanese group is the reference language group; contrast 4 (T3-T6), position 3
(word-final position) are the reference categories.

lan: language; pos: position; con: contrast

D: Dutch group, M: Mandarin group.

Position 1: word-initial position, Position 2: word-medial position, Position 3: word-
final position.

Contrast 1 to 4: segmental, T4-T5, T4-T6, T3-T6, respectively.
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Table B.4: Parameter estimate, standard error, t-value, p-value, and 95% confidence
interval of the predictors for the picture selection task in Chapter 4.

Fixed Est. Std. t Sig. 95% CI
effects Error Lower Upper
Intercept .939 284 3.304 .001  .382 1.497
lan=D -1.997 378 -3.171 .002  -1.938 -.457
lan=J -.338 388 -.871 384 -1.098 422
T=4 773 300  2.582 .010 .186 1.360
T=5 .353 289  1.221 222 -214 919
pos=1 A71 257 .667 .505 -.332 674
[pos=1]*[T=4] -.793 289  -2.747 .006  -1.359 -.227
[pos=1]*[T=5] -.266 285  -933 351 -.826 293
[lan=1]*[pos=1] -.144 267  -539 590  -.666 .379
[lan=2]*[pos=1] 426 290  1.469 142 -143 .995
[T=4]*[lan=D] -.145 344 -421 674  -819 530
[T=5]*[lan=D] -117 339 -.346 730  -.782 547
[T=4]*[lan=]] 418 373 1120 263  -314 1.150
[T=5]*[lan=J] .538 368 1.462 144 -184 1.260

Note: Mandarin group is the reference language group; Tone 6, position 2 (word-
final position) are the reference categories.

lan: language; pos: position; T: tone
D: Dutch group, M: Mandarin group.
Position 1: word-initial position, Position 2: word-final position.
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Appendix C: Data in pilot study in Chapter 3

Chapter 3 (Processing of non-native WPCs at the phonological level) conducted a
pilot study with regard to the selection of pairs that were optimally and sub-
optimally discriminated in AX discrimination task in Chapter 2. The data are
presented in the following tables.

Table C.1.Summary of generalized linear mixed effect models for optimally pairs in
acoustic discrimination

Fixed effects F df p
Language group 0.165 2 <0.001
Contrast 0.004 3 0.992
Position 0.002 2 0.998
Sequence 6.775 2 0.001
Language group * Contrast 0.724 4 0.485
Language group * Position 0.992 4 0.440
Contrast * Position 0.913 4 0.455
Random effects Est. Std. Error z p

1 | Participant 0.125 0.068 1.838 0.066
1| Item 0.377 0.105 3.599 <0.001

Table C.2. Performance of each language group in optimal pairs.

Pairs optimally perceived at the acoustic level

contrast language group accuracy Std. Error

Dutch 0.873 0.024

T1-T3 Japanese 0.901 0.017
Mandarin 0.896 0.031

Dutch 0.850 0.033

T1-T4 Japanese 0.869 0.027
Mandarin 0.967 0.011

Dutch 0.902 0.022

T1-T5 Japanese 0.903 0.022
Mandarin 0.908 0.021

Dutch 0.925 0.018

T1-T6 Japanese 0.930 0.010

Mandarin 0.917 0.008
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Dutch 0.887 0.024

T3-T4 Japanese 0.893 0.024
Mandarin 0.956 0.002

Dutch 0.871 0.029

T3-T5 Japanese 0.846 0.023
Mandarin 0.953 0.019

Table C.3 Summary of generalized linear mixed effect models for suboptimal pairs.

Fixed effects F df p
Language group 10.498 2 <0.001
Contrast 10.368 2 <0.001
Position 31.843 2 <0.001
Sequence 15.177 2 <0.001
Language group * Contrast 13.723 4 <0.001
Language group * Position 3.338 4 0.001
Contrast * Position 15.254 4 <0.001
Random effects Est. Std. Error z p

1 | Participant 1.018 0.440 2.294 0.022
1|Item 0.129 0.062 2.085 0.037

Table C.4 Performance of each language group in sub-optimal pairs.

Pairs sub-optimally perceived at the acoustic level

contrast language group accuracy Std. Error

Dutch 0.565 0.116

T4-T5 Japanese 0.827 0.035
Mandarin 0.924 0.013

Dutch 0.475 0.110

T4-T6 Japanese 0.879 0.045
Mandarin 0.927 0.034

Dutch 0.573 0.114

T3-T6 Japanese 0.811 0.074

Mandarin 0.882 0.051
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Appendix D: Working memory capacity test

Below presents the working memory capacity test (the backward digital span and
phonological memory). All the participants were tested on the four sets.

Backward digital span test

Set 1
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Phonological memory test

Setl

ba gu

mi ku ga

do ke ta pi

be mu to ki ma
ma ko le di pu no

ki pa be go mi tu oga

Set 2

tu  pi

ta bi ku
bu pi ge da

ho bi ka te ni pu

ba ku pi ga ko tu pe
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Appendix E: Stimuli list

E.1 Stimuli in detail in picture selection task in word learning (Chapter 4).

Word /kupi/ (tonal patterns)

Target Tonal Positional Distracter
competitor competitor

T4T3 T5T3 T3T4 T3T6
T4T3 T6T3 T3T4 T3T5
T4T3 T3T3 T3T4 T3T6
T5T3 T4T3 T3T5 T3T6
T5T3 T6T3 T3T5 T3T4
T5T3 T3T3 T3T5 T3T6
T6T3 TAT3 T3T6 T3T5
T6T3 T5T3 T3T6 T3T4
T6T3 T3T3 T3T6 T3T5
T3T4 T3T5 TAT3 T6T3
T3T4 T3T6 T4T3 T6T3
T3T4 T3T3 T4T3 T3T5
T3T5 T3T4 T5T3 TAT3
T3T5 T3T6 T5T3 T6T3
T3T5 T3T3 T5T3 T4T3
T3T6 T3T4 T6T3 TAT3
T3T6 T3T5 T6T3 TAT3
T3T6 T3T3 T6T3 T5T3
Baseline Tonal competitor

T3T3 T6T3 T3T4 T5T3
T3T3 T3T6 TAT3 T3T5

T3T3 T3T6 T6T3 TAT3
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Appendix F: Instructions of experiments

F.1 Experiments in Chapter 2 (Perception of non-native WPCs at the acoustic
level)

(AX discrimination task)

English version

Dear participant,

Thank you for participating in this experiment.

The experiment has three blocks. In each block, you are going to hear sounds from
the speakers. The sounds differ in “melody” and come in pairs. You will hear two
sounds each time.

Your task is to judge whether the two sounds are the same or different as soon as
possible. To respond, hit the left button on the button-box for “Same” and the right
button for “Different".

If you have any questions, please ask the experimenter.

Now you are going to do Block 1. Hit any button on the button-box when you are
ready to start.

In the first block, you are going to hear all the sounds in monosyllables.

First we will do a short practice. Hit any button on the button-box when ready to
start.

You can take a break for 3 minutes between each block.

After the first break, you are going to do the next two blocks where you are going to
hear all the sounds in trisyllables.

Dutch version:

Beste deelnemer,

Bedankt voor uw deelname aan dit experiment.

Het experiment heeft drie blokken. In elk blok hoort u geluiden uit de luidsprekers.

De geluiden verschillen in “melodie” en komen in paren. U hoort elke keer twee
geluiden. Het is uw taak om zo snel mogelijk te beoordelen of de twee geluiden
hetzelfde of verschillend zijn.

Om te reageren, drukt u op de linkerknop op het knoppen paneel voor " Same " en
de rechterknop voor "Different".

Als u vragen heeft, stel deze dan aan de onderzoeker.
Nu gaat u Blok 1 doen.
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In het eerste blok zijn alle geluiden & lettergreep.

We zullen eerst een korte oefening doen. Druk op een willekeurige knop op het
knoppen paneel wanneer u klaar bent om te starten.

Je kunt tussen elk blok 3 minuten pauze nemen. Na de eerste pauze gaat u het
volgende twee blokken doen, waar alle geluiden drie lettergrepen hebben-

Druk op een willekeurige knop op het knoppen paneel wanneer u klaar bent om te
starten.

Mandarin version:

IR RS IS5

ARUSHA ZAES o FEGAES, ERIKITRIFA G . 167 BT b
I W X AN S B AR BT M. AR S A (brfs “same AH
H” ), ANEREZEAMEEE (brf “Different A[F” D

WA AT o) 8, V) ] S8 .

ARG AT — 8 AT BRI 46

TR, EA IR SR, T NS, IR
LT

TERE AR AR, S TT DL = b,

SRR, e FORINE RS, S B = B 5

Japanese version :

W I1EH D hrfz

BOEBCTHILKEESD, HDOREITEET. EHOTHP L L
E 2

COFERIE3IDDLy vyarvhrbeleanTuid. vy arOFHE
[T,

Ny R7Z 4 Ve BER2D, IS FCHRNETODT, 2 DDHFED [ £
274 —] BELHEILEHML TLE S0,

2ODHFENFELC 2B 2541 Same [FL | EEhnrzer gy 2
LTLran,

2 DDMEENTE 22 2 L HIWT L /2854 & Different [Bc 2] EEnniARy
EFIIL TL P&, 2O0DHERFRILHE I HOHWIE . EERARNHET
EBRTHERMIAT > TL S0,
CCETCTMMATHMADY FL s, BHIESES WL,

tyyary1Tid, BEWHOHEIHC Z 7,
RPN & $HEMELITO £ T,
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HEEED ZHENTERLS, ARV EILTLEES L, EORKY THES
WTt. Htyvra Ol 3oL e eNTELT.
BHIOREEDH, KDLy >arETHuET, KDLy >3 v Tld. =5
DHENMIZ &7,

F.2 Experiment in Chapter 3 (Processing of non-native WPCs at the
phonological level)

(sequence recall task)

The 12 pairs of words in the sequence-recall task in Chapter 3 were divided into 6
pairs each time. Participants were required to come to the lab two times. The
procedure of each pair was identical.

English version:
Dear participant,
Thank you for participating in this experiment.

In today’s experiment, you will learn 6 pairs of words. The procedure in learning
each pair is the same.

Now you are going to learn the two new words A and B in Pair 1. The two words
differ either in “melody” or in segment. You need to follow the instructions on the
screen through the whole experiment.

If you have any questions, please ask the experimenter.
If you are ready, please press any button to start the experiment.

Please press button A and B to learn word A and B. You can press and listen to the
two words as many times as you wish until you are sure you have learned them.

You have already learned word A and word B. Now you are going to do a practice.

In the practice, you will hear a word, and you need to differentiate whether the word
is A or B by pressing the corresponding button.

You can only press the button after you see “please press the button” on the screen.
A sound of “OK” will follow your response. You will get a feedback of correct or
wrong after your response.

You will proceed to the next stage after you make 15 times correct response.
Otherwise, you have to restart to do it again until you reach the criteria.

Well done in the first practice! Now you are going to do a warm up!
You will hear word A and B in order.

For instance, if you hear word B followed by word A, press the corresponding
button B and A in such a B-A order.
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If you hear word A followed by word A, press the corresponding button A and again
A'in such an A-A order.

If you hear word A firstly, word B secondly, word A thirdly, press button A firstly,
button B secondly and button A lastly in such an A-B-A order.

You will get a feedback of correct or wrong after your response.

Attention:; You can only press the button after you see please press the button™on
the screen.

You have finished the warm-up!

Now you are going to do the test! The procedure is the same as in the warm up. In
the test, you will hear word A and B in two-word, three-word and four-word
sequence length and recall their sequence.

Dutch version:

Beste deelnemer,

Bedankt voor uw deelname aan dit experiment.

In het experiment van vandaag leert u zes woord paren. De procedure om elk paar te
leren is hetzelfde.

Nu gaat u de twee nieuwe woorden A en B in Paar 1 leren. De twee woorden
verschillen in "melodie” of in segmenten. U moet de instructies op het scherm
gedurende het hele experiment volgen.

Als u vragen heeft, stel deze dan aan de onderzoeker.

Als u Kklaar bent om te beginnen, drukt u op een willekeurige knop om het
experiment te starten.

Druk op knop A en B om de twee woorden te leren. U kunt zo vaak als u wilt op de
twee woorden drukken en deze beluisteren totdat u zeker weet dat u ze heeft geleerd.

Druk op “continue” als u ze heeft geleerd.
Je hebt woord A en woord B al geleerd. Nu gaat u een oefening doen.

In de oefening hoort u een woord en moet je differenti&en of het woord A of B is
door op de overeenkomstige knop te drukken.

U kunt pas op de knop drukken nadat u drukt u alstublieft op de knop™ op het
scherm ziet.

Na uw reactie hoort u OK. Na uw reactie krijgt u een goed of fout feedback.
U gaat door naar de volgende fase nadat u 15 keer correct hebt gereageerd.
Anders moet u herstarten om het opnieuw te doen totdat u aan de criteria voldoet.

Goed gedaan in de eerste training! Nu gaat u een warming-up doen!
U hoort de worden A en B in volgorde.
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Als u bijvoorbeeld knoppen B en A in een B-A-volgorde, drukt u op de
overeenkomstige woord B gevolgd door woord A hoort.

Als u woord A gevolgd door woord A hoort, druk dan op de overeenkomstige knop
A en nogmaals op A in een A-A-volgorde.

Als u ten eerste woord A hoort, ten tweede woord B, en ten derde woord A, druk
dan eerst op knop A, vervolgens op knop B en ten slotte op knop A in een A-B-A
volgorde.

Na uw reactie krijgt u een goed of fout feedback.

Let op: U kunt pas op de knop drukken als u please press the button”op het scherm
ziet.

Je bent klaar met de warming-up!
Nu gaat u de test doen!

De procedure is hetzelfde als bij het opwarmen. In de test hoort u woord A en B in
een reeks van twee woorden, drie woorden en vier woorden en moet u hun volgorde
invoeren.

Mandarin version:

IR RS IS5

AVR I A G 2 ) N RN o AR 2 ) B IR AR AL

AR IR ST 5 — 4R, 1AE A FNAE B, XA SH s — AN
1 EARE

FESEIR I ARy, TH AR b LIRS 3HT . WO HER s, HIRER
— M IR IR . A AT I R, T I SEER .

W NE T A F1 B 2E 21X PN . 80T DL IR AN $24H R 24 2 4]
AR B, AfEMEECICETHIE A B2, i “continue” (4k4E) 4%
o

BOLZ ] IdE TiE A Al Be BIEERKHIT — N3] B804, B
WrEHAE A B B, B EAHWIEETIr B FAE 2 A B2 B. HEWT BIAEIE
AR, IERIE A, B B PEEE B B, 15 1% IZHL B.

MIEE BB A LV IR, SRR TR (TN RED o BEdE,
E&WrE“OK”, It H R L& BREMRIZE EE 28R,

R, BHREZEXS 156 EEARHENT — M. B, SR 2 5]
RS 22 ) AT AT — Ik 2], B RS REIA B2k ) brifE

WO T4, HbE! BUEGREE ARSI ARSI, GRS
B AR B b, fESENrE B, TR A, HEWTSEE, S HRIKIE T
ANHZHL B (B-AJF) o B, EWrsl A, fUrE A, BErse)E, K
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UHZ N A RIZEL A (A-A ) o totn, %l ®] A, BRI B, 25
MR A, BEWTE R, T ERIPRIREE T AL By A (A-B-AF) -
FEERRRIAIE S G, A ba oG R R 252 IR IE R iR .

WA MEEDGE L E G TR, A REEATEE R T D .

EOTE TS T RN TAIATT !
AT B AE SR IATTF L EAR RN I 2178 A R B P
L =ANEL DU I, AR A A T H LA Rl

Japanese version:

TN S35 D A fz

ROEBC I ESD, DOREITSwFEFT. EHOTHPH2 0L
$4. SHOEBT. 6X7OHELHZ TCWILEE LT,
ZRETNORTZE 200 LOHENF ENE T 2 DOHGES [ £
Fa—] E[eA AN TCORFEECET
SEERT71OHLOHEELHEZ TOLL & &7, EBPOmEEO R it
ST IS0,

CCETCTMNITHMADY L6, BERILEI L,
WHNTERS, AXvE, ERTHLRLVOT, L TR WL,

ALEBORRYEIL T, AL BOHGEL¥EL TS0, 2D0DHE
METHLML T, M CenTEET,

HiEAEBERZEL on?

Ihhe@Es Ll Tk EL &I,

BB, AN E T, COHIENS Ab BhrrHEL TS0, H
LW [RXVEHLTLALIO] ERRINTHBEEL T, RX V%
W encgsd,

REEMLEzs, [OK| iR Ed. WEORKXR Y 2L %, ER
() FFEAEM 0 AHEEICFE RSN E T,

15 [EME%E L /2B, RO A—biiEA £ 3. Z2RUAOIGEER . HiEs K
Winbs b ) —FERI WL E, RECETZ2 I TCHELBHOL 27,

BOMNEETLE! REv+—AT v 7T,

FEEA L BEIEFCHE 7.

BZ1E. BB BOHEWCHE AN As, ZOEEFET. A& B 52
WIZHIL . ARy AL TL 2 &0,
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Bl 215 BEAOH L CHE ABEIC 26, ZOEET. R&Y A%
PRl . e R &Y AL TL &0,

BlZ &, HiE AR, HEB A 2F/H . HE AN IFHCHRNLLYG
G ARV EABAERTIHL TS L,

ISEDRZ Y EML 248, B (V) £ EAEMR 0 NEHEIICERS N
ES o

HH FEOWw ARy TLESL] ERRENTVLBEELET, A&
EMTENTEET,

T —AT v T HEON L !
WIEFEEOFEBCAD £3. FHEEV+—LT7 v 7 ERLETT. EBOFuC,
MEE A L Bld. SHEE, SHEFLGIIHEORS TR LZDT. EE S
H2TL &L,

F.3 Experiment in Chapter 4 (Processing of non-native WPCs in word learning)
(picture selection task)

English version:

You are going to learn 7 new words, corresponding to 1 to 7 on the screen. Each
word is represented by a picture. You will hear the word and see the corresponding
picture. Please remember the words and their corresponding pictures.

You will learn from Word 1 to Word 7 one by one. After you have learned the 7
words one by one, please click “next” and then you can click any button of Button 1
to 7 (representing Word 1 to 7, respectively) to strengthen your learning.

When you are ready to move on to practice, you can click “continue"

You have learned the words. Now let’s do a practice! In the practice, you will see a
picture and hear a sound at the same time. Your task is to press the left button (yes)
if the sound and the picture match correctly, or press the right button (no) if they
don’t match.

You will proceed to the next stage after you make 13 times correct response.
Otherwise, you have to restart to do it again until you reach the criteria.

You have finished the practice! Now let’s start a warm up!

You will see four pictures on the screen. When you hear the word, please choose the
correct picture that represents the word you heard. The feedback will be shown on
the screen.
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You have learned and practiced the words. Now you are going to do the test.

The procedure in the test part is the same as in the Warm up. But there will be no
feedback in the Test.

In the final part, you'll see a picture and hear a sound. Your task here is to press the
left button (yes) if the sound and the picture match correctly, or press the right
button (no) for a mismatch.

Dutch version:

Je gaat 7 nieuwe woorden leren, die overeenkomen met 1 tot 7 op het scherm. EIk
woord wordt vertegenwoordigd door een afbeelding. U hoort het woord en ziet de
bijbehorende afbeelding. Onthoud de woorden en de bijbehorende afbeeldingen.

U leert Woord 1 tot Woord 7 een voor een. U kunt op "repeat” (herhalen) klikken
om het woord herhaaldelijk te horen. U kunt op "volgende" klikken om het volgende
woord te leren. Nadat u de 7 woorden een voor een heeft geleerd, klikt u op
"volgende" en vervolgens kunt u op een willekeurige knop van Knop 1 tot 7
(respectievelijk voor woord 1 tot 7 ) klikken om uw kennis te versterken.

Als u klaar bent om te beginnen met oefenen, kunt u op "continue™ klikken.

Je hebt de woorden geleerd. Laten we nu beginnen met oefenen!

Ziet u een plaatje en hoort u een geluid. Het is uw taak hier om op de linkerknop
“yes” (ja) te drukken als het geluid en het beeld overeenkomen, of op de rechterknop
“no” (nee) te drukken voor een mismatch.

U gaat door naar de volgende fase nadat u 13 keer correct hebt gereageerd.
Anders moet u herstarten om het opnieuw te doen totdat u aan de criteria voldoet.

Nu gaat u een warming-up doen!

U ziet vier afbeeldingen op het scherm. Als je het woord hoort, kies dan de juiste
afbeelding die het woord dat je hebt gehoord vertegenwoordigt. De feedback wordt
na uw reactive op het scherm getoond.

Je hebt de woorden geleerd en geoefend. Nu ga je de test doen.

De procedure in het testgedeelte is hetzelfde als tijdens het oefene. Maar er zal geen
feedback zijn in de test.

In het laatste deel, ziet u een plaatje en hoort u een geluid. Het is uw taak hier om op
de linkerknop (ja) te drukken als het geluid en het beeld overeenkomen, of op de
rechterknop (nee) te drukken voor een mismatch. "



Appendices 197

Mandarin version:

GRS N .

ARG, RS BN EE . X BN ERE 2 o R B S T 1 # 7.

AT — A P o SRR IR, B R L SRR X RI B
TR S B AR B B A

ol MIRTE 1 FiG5 2] 18T DU SRS st “repeat” (B K2 X5 2.
midi“next’(F —AN) 222 F— MG . KRS EANAE S, 7 “next”
(8, 2GR R R 1 3] 7 K% )X BN

M e B Ol E T IX AN AR X R A, 1 e gk s N B 25 2]
AT,

AW TR ZR 3] . (RS, B2 —AMaE, NS LSRR —
gk R, SRR A R B ) S R SR B TR yes () Ran— L,
“no” (5) RARA—. ELF, BREEX 13 EHEAGFENT T,
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Vi

O TR TR, ORI, R G IR, SR 1A T8,
(RIS 5 e b DU SK B o S 5 22 A DY 5K I8 A r 58 1 5 4 i Wi 281 ) 3 1 A1
XL e ARSI G, BrAE ba R R R B 2 IR IE R 5 k.
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o SR 201, (AN BE Lo DU sKIE Ao R B DGR B e
SR P B RRE AT R . AR Z S, B A S BRI A
R

MR BT, KT B —ANAE, RN BEAs b R —sk B, 187 S
R RS E R 2R — . 15 yes’(B)EBAR—E, “no” (K) XRA—
o

Japanese version:
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HEICRRSNZ 126 TOHGEEZHEZ T LS 0, FHFEFEBG TRRS
ns.
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VIO IWHEE 1O FFE AN, HESR RSN ET. [BOVRT] KXV %72
Dy 2L T COMEBEBVIRTIENTEET. [IRN] A& %5270y
456, ROBECHELAFST. RKY 1~T OFEBEORZ Y520 v oL
T ) HHZBIENTEET,

BN T EIS, (803 #2092 L TLESL,

SErEn EL D,

BE T HELAR RSN, BEOEFARN & T Rk mEBEA—FL C
WBIGEE. EORR Y2l T [—8] 2#A TS0, HEE L HEH
—HLaWEEE. AOR L LT L0 2ATLES L,
IEEDOR R WL 12148, B (V) FHREARIEM (0 AHEIEICERS I
.

13 [IEfE%E L12fa. kD A—biciid £ 4. ZRUSOESE. HiEE K
Vims b ) —HELITWRIZE, BRECETZITHELBHEOL 7,

BOMPNEETCLE! REV+—LT v 7 TYo

VA — AT v 7 T HEWK AMOEENRFERSNE T BiEOFF NN
20T, HEBICxn 2B E2IRA TS0, BALE., EIERETR
REN ¥ T,

HEEE HALDT. Var— AT v 73D YTT, IO RKERICAND £
T
AFEEOFINELGHE EFLC TTA, AEBTCEEMORREID Y £ ¥ A.

RBEDA— T, BHEAERSN., BEOZENRN & . BB L HERN
—HLTOBRGEE. EORZ Y #ML T [—8] 21 BA TS, HEE
CEHGEA—FL 2WIEEE. AOR RV EIL T [—BHL v A TL
7730,



Summary 199

Summary

Languages differ in the use of prosodic cues to signal lexical meanings. For instance,
Mandarin uses lexical tones. Dutch uses lexical stress. Japanese uses lexical pitch
accent. Yet languages also share certain common properties in the use of WPCs. For
instance, on the one hand, Mandarin and Japanese use lexical pitch (Mandarin: pitch
variations; Japanese: pitch accent). On the other hand, Japanese and Dutch use the
abstract feature of positional marking (Japanese: position of pitch accent; Dutch:
position of stress). Previous studies have focused on how listeners with the use of
different prosodic cues perceive non-native pitch contrasts (lexical tones) in isolated
syllables. However, comparatively, it is not fully understood the role of native
prosody in the perception of non-native positional marking from a cross-linguistic
perspective. Furthermore, previous studies investigating the processing of non-
native pitch contrasts have mainly centered at the acoustic level. However, prosodic
processing does not only involve sensory-auditory processing (i.e., processing at the
acoustic level) but also involves higher linguistic levels such as the phonological
level, a more abstract level than the acoustic level where acoustic traces that the
listeners might rely on are inaccessible and the lexical level where phonological
knowledge is encoded to build lexical representations in word learning.

The dissertation examines the cross-linguistic processing of non-native word
prosodic cues at three processing levels, the auditory-acoustic level, the
phonological level and the lexical level within one single study. Mandarin, Japanese
and Dutch listeners are selected in the study given that the three languages differ yet
share common properties in the use of word prosodic cues. It attempts to address
language-specificities but also language-commonalities in processing non-native
WPCs at the three processing levels, which may helps to develop a fuller
understanding of the dynamic function of WPCs used in human languages from low
to high linguistic processing levels and to what extent the native language come into
play at the three processing levels.

Chapter 1 is a general introduction. It provides a literature review, elaborate
methodologies applied in the dissertation, put forward research questions, and
outline the subsequent dissertation chapters

Chapter 2 adopts AX discrimination tasks and used Cantonese tones (also used
in the following studies) to investigate cross-linguistic perception of non-native
WHPCs at the acoustic level. It addresses the perception of non-native pitch contrasts
in trisyllable and the perception of non-native tones contrastive in positions. It is
found that the three groups show comparable performance in perceiving non-native
pitch contrasts that are acoustically salient, but they differ in perceiving non-salient
non-native pitch contrasts (contrasts, to some extent, that share similarity in acoustic
space). Overall Mandarin listeners show advantage over Japanese and Dutch
listeners in discriminating non-salient non-native pitch contrasts in trisyllable. The
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findings suggest that both the acoustic salience and the use of lexical pitch and/or to
what degree the lexical pitch is used in the native language can influence the
perception of non-native pitch contrasts. Language-specific patterns are investigated
on exploratory purposes. It is found that the native prosody, especially the use of
lexical pitch, together with acoustic salience of tones may influence perception of
non-native WPCs.

Chapter 3 applies the sequence-recall task (Dupoux et al., 2001) and examines
how and to what extent the native prosody (word and/or intonation) plays a role in
processing non-native pitch contrasts occurred word-initially, -medially and —finally
at the phonological level. Firstly, an overall perceptual hierarchy is observed:
Mandarin listeners >> Japanese listeners >> Dutch listeners. Secondly, language-
specific patterns are found with different weighting given to non-native pitch
contrasts. Dutch listeners attend more to non-native pitch level contrast than pitch
contour and pitch level vs. pitch contour contrast. Japanese listeners are more
sensitive to perceive non-native pitch contour and pitch level vs. pitch contour
contrast. Mandarin listeners display a gradient order favouring non-native pitch
contour contrast >> non-native pitch level vs. pitch contour contrast >> non-native
pitch level contrast. The observed language-specific patterns are accounted for in
terms of the long-term memory representations of pitch-based phonological
categories (tones and/or intonation) (Xu et al., 2006) and assimilation between the
native categories and non-native categories (So & Best, 2010, 2013; Francis et al.,
2008). Thirdly, position is found to interact with the perception of non-native pitch
contrasts depending on different positions. On the one hand, interestingly, a
language-general pattern is unveiled that all the three language groups prefer word-
final position than word-initial and/or word-medial position when perceiving non-
native pitch level vs. pitch contour (falling tone), which seems to indicate the
influence of intonation across languages. On the other hand, language-specific
patterns are observed. Position played different roles in each language group in the
perception of non-native pitch contrasts at the phonological level.

Chapter 4 explores the role of the native prosody (word and/or intonation) in
the encoding of non-native pitch contrasts in sound-to-meaning mapping. By using a
picture-selection, it reveals that first of all, Mandarin and Japanese listeners perform
comparably well, and they both are found better at encoding non-native pitch
contrasts occurring in different positions than Dutch listeners in word identification,
which could be attributed to the employment of lexical pitch in the native language.
Secondly, analyzed for exploratory purposes, each language group displays different
patterns in the encoding of non-native tones in different positions in word learning.
Mandarin listeners are found better at encoding non-native contour tones than level
tones, while both Japanese and Dutch listeners show no preference for any non-
native tones. Thirdly, position seems to influence the encoding of non-native tones
differently in each language group. Both Mandarin listeners and Dutch listeners are
not in favor of any positions. In contrast, Japanese listeners prefer word-final
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position than word-initial position only when encoding the non-native falling tone,
presumably due to the influence of the intonation pattern.

Finally, Chapter 5 recapitulates the research questions, summarizes the main
findings in the three empirical chapters and makes a general discussion with
integrating the findings at the three processing levels. This chapter also provides
suggestions for future research.
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Samenvatting

Talen verschillen in het gebruik van prosodische contrasten van toonhoogte en
positie (Word Prosodic Cues: WPC’s) om lexicale betekenis aan te geven. Het
Mandarijn Chinees gebruikt bijvoorbeeld lexicale tonen, het Nederlands gebruikt
lexicale klemtoon, terwijl het Japans lexicale toonhoogteaccent gebruikt. Toch delen
ze ook bepaalde eigenschappen in het gebruik van WPC's; enerzijds gebruiken
Mandarijn en Japans lexicale toonhoogte (Mandarijn: toonhoogtevariaties; Japans:
toonhoogteaccent). Anderzijds gebruiken het Japans en het Nederlands het abstracte
kenmerk van positionele markering (Japans: positie van toonhoogteaccent;
Nederlands: positie van klemtoon). Eerdere studies hebben onderzocht hoe
luisteraars met het gebruik van verschillende prosodische signalen niet-native
toonhoogtecontrasten (lexicale tonen) in gesoleerde lettergrepen waarnemen.
Vanuit een cross-lingu'stisch perspectief is de rol van native prosodie in de perceptie
van niet-native positionele markering echter nog niet volledig duidelijk. Bovendien
richtten eerdere studies die de verwerking van niet-native toonhoogtecontrasten
hebben onderzocht zich voornamelijk op het auditief-akoestische niveau.
Prosodische verwerking omvat echter niet alleen sensorisch-auditieve verwerking
(d.w.z. verwerking op akoestisch niveau), maar het omvat ook hogere lingustische
niveaus, zoals het fonologische niveau en het lexicale niveau. Het fonologische
niveau is abstracter dan het akoestische niveau, omdat de akoestische sporen waar
de luisteraars op zouden kunnen vertrouwen, niet toegankelijk zijn (Dupoux et al.,
2001, 2008). Ook het lexicale niveau is abstracter, hierbinnen wordt namelijk de
fonologische kennis gecodeerd om lexicale representaties op te bouwen bij het leren
van woorden.

Het proefschrift onderzoekt, binnen & enkele studie, de cross-lingustische
verwerking van prosodische signalen van niet-native woorden op drie
verwerkingsniveaus, het auditief-akoestische niveau, het fonologische niveau en het
lexicale niveau. Luisteraars met als moedertalen Mandarijn Chinees, Japans en
Nederlands zijn geselecteerd om deel te nemen aan het onderzoek, omdat deze drie
talen zowel verschillende, als ook gemeenschappelijke, eigenschappen delen in het
gebruik van prosodische aanwijzingen. Het proefschrift poogt taalspecifieke en
taalalgemene patronen bij de verwerking van niet-native WPC's op de drie
verwerkingsniveaus te identificeren. Dit kan ons helpen om de dynamische functie
van WPC's die worden gebruikt in menselijke talen beter te begrijpen, zowel in
lagere orde als in hogere orde taalverwerkingsniveaus, en om te begrijpen in
hoeverre de moedertaal een rol speelt op de drie verwerkingsniveaus.

Hoofdstuk 1 is een algemene inleiding. Het omvat een literatuuroverzicht,
uitgebreide beschrijving van de methodologie die in het proefschrift zijn toegepast,
introduceert de  onderzoeksvragen, en schetst de  daaropvolgende
dissertatiehoofdstukken.
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Hoofdstuk 2 onderzoekt de cross-lingustische perceptie van niet-native WPC's
op akoestisch niveau middels AX-discriminatietaken waarbij Kantonese tonen
gebruikt worden (ook gebruikt in de volgende studies). Het hoofdstuk bespreekt de
perceptie van niet-native toonhoogtecontrasten in woorden met drie syllabes en de
perceptie van niet-native toonhoogtecontrasten in verschillende posities. De drie
groepen deelnemers laten vergelijkbare prestaties zien bij het waarnemen van niet-
native toonhoogtecontrasten die akoestisch saillant zijn. Echter, verschillen ze in het
waarnemen van niet-saillante niet-native toonhoogtecontrasten (de contrasten die,
tot op zekere hoogte, overeenkomen in akoestische eigenschappen). Op
groepsniveau laten luisteraars met Mandarijn als moedertaal een voordeel zien ten
opzichte van Japanse en Nederlandse luisteraars bij het onderscheiden van niet-
saillante, niet-native toonhoogtecontrasten in drielettergreepwoorden. Deze
bevindingen suggereren dat zowel de akoestische saillantie, als wel het gebruik van
lexicale toonhoogte en/of de mate waarin de lexicale toonhoogte wordt gebruikt in
de moedertaal, de perceptie van niet-native toonhoogtecontrasten kan bemvloeden.
Daarnaast worden taalspecifieke patronen verkennend onderzocht. Er wordt
geobserveerd dat de perceptie van niet-native WPC’s beinvloed wordt door de
native prosodie, met name het gebruik van lexicale toonhoogte, samen met de
akoestische saillantie van tonen.

Hoofdstuk 3 gebruikt de sequenti@e herinneringstaak (Dupoux et al., 2001)
om te onderzoeken op welke manier, en in hoeverre de native prosodie (woord en
/of intonatie) een rol speelt bij het verwerken van niet-native toonhoogtecontrasten
die op initidle, mediale, en finale posities in het woord voorkomen, en op
fonologisch niveau. Ten eerste, wordt een algemene perceptuele hi&archie
waargenomen: Mandarijnse luisteraars >> Japanse luisteraars >> Nederlandse
luisteraars. Ten tweede, worden taalspecifieke patronen gevonden die in
verschillende mate afhankelijk zijn wvan niet-native toonhoogtecontrasten.
Nederlandse luisteraars besteden meer aandacht aan niet-native toonhoogtecontrast
dan toonhoogtecontouren en toonhoogteniveau vs. toonhoogtecontourcontrast,
terwijl Japanse luisteraars zijn gevoeliger voor het waarnemen van niet-native
toonhoogtecontouren en  toonhoogteniveau vs. toonhoogtecontourcontrast.
Mandarijnse luisteraars daarentegen laten een voorkeur zien met de volgende
gradiéntvolgorde: niet-native toonhoogtecontrast >> niet-eigen toonhoogte-niveau
vs. toonhoogte-contourcontrast >> niet-eigen toonhoogte-contrast. De waargenomen
taalspecifieke patronen worden verklaard in termen van de langetermijngeheugen-
representaties van op toonhoogte gebaseerde fonologische categorieé (tonen en/of
intonatie) (Xu et al., 2006) en assimilatie tussen de native categorieén en niet-native
categorieé. (So & Best, 2010, 2013; Francis et al., 2008). Ten derde, blijkt dat de
positie van het toonhoogtecontrast interacteert met de perceptie van niet-native
toonhoogtecontrasten. Opvallenderwijs, wordt aan de ene kant een taal-algemeen
patroon gevonden dat alle drie de groepen luisteraars de voorkeur geven aan de
woordfinale positie boven de begin- en/of woord-mediale positie bij het waarnemen
van niet-native toonhoogteniveau vs. toonhoogtecontour (dalende toonhoogte). Dit
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lijkt de invloed van intonatie tussen talen lijkt aan te geven. Aan de andere kant
worden ook taalspecifieke patronen waargenomen. Positie speelt in elke taalgroep
een andere rol in de perceptie van niet-native toonhoogtecontrasten op het
fonologisch niveau.

Hoofdstuk 4 onderzoekt de rol van de native prosodie (woord en/of intonatie)
bij het encoderen van niet-native toonhoogtecontrasten in de geluid-betekenis
representatie. Bij gebruik van een picture-selection taak wordt duidelijk dat
luisteraars met Mandarijn en Japans als moedertaal even goed presteren, en dat ze
bij woordidentificatie beiden beter zijn in het encoderen van niet-native
toonhoogtecontrasten die op verschillende posities voorkomen dan Nederlandse
luisteraars, die kunnen worden toegeschreven op het gebruik van lexicale
toonhoogte in de moedertaal. Ten tweede, is in een verkennende analyse gevonden
dat tijdens het leren van nieuwe woorden elke taalgroep verschillende patronen
vertoont bij het encoderen van niet-native tonen op verschillende posities.
Mandarijnse luisteraars zijn beter in het encoderen van niet-native contourtonen dan
niveautonen, terwijl zowel Japanse als Nederlandse luisteraars geen voorkeur
hebben voor niet-native tonen. Ten derde lijkt de positie van het toonhoogtecontrast
de codering van anderstalige tonen in elke taalgroep anders te bemvloeden. Zowel
Mandarijnse als Nederlandse luisteraars hebben geen voorkeur voor een bepaalde
positie. Japanse luisteraars daarentegen hebben een voorkeur voor de woordfinale
positie vergeleken met de woordinitiéle positie, maar enkel bij het encoderen van de
niet-native dalende toon, vermoedelijk vanwege de invloed van het intonatiepatroon.

Tot slot vat Hoofdstuk 5 de onderzoeksvragen samen, beschrijft de
belangrijkste bevindingen in de drie empirische hoofdstukken, en bevat een
algemene discussie met integratie van de bevindingen op de drie
verwerkingsniveaus. Dit hoofdstuk geeft ook suggesties voor toekomstig onderzoek.
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