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Chapter one

Background

1.1 Introduction

Pitch movements (cued mainly via fundamental frequency or fO acoustically) have
different functions across languages. For non-tone language speakers, pitch information
is mainly used at the post-lexical level to convey linguistic and paralinguistic meanings.
Linguistically, it can be used to indicate prominence at the word and sentence levels
(Birch & Clifton, 2002; Welby, 2003; Xu & Xu, 2005), delimit prosodic constituents
(such as intonation phrase, utterance, paragraph and so on) (Cole, 2015; Cutler, Dahan,
& Van Donselaar, 1997; Snedeker & Trueswell, 2002), and mark sentence types, such as
statements and interrogatives (Pierrehumbert & Steele, 1989; Van Heuven & Haan,
2002). Some paralinguistic information, such as emotion (anger, surprise, joy, fear, and
so on) and attitude (politeness, uncertainty, irony, dejection, and so on) can also be
(partly) encoded with pitch movements (Chen, Gussenhoven, & Rietveld, 2004; Chen,
2005; Luthy, 1983; also see Shattuck-Hufnagel & Turk, 1996 for a detailed review).

Tone-language speakers, on the other hand, primarily employ pitch informa-
tion to convey lexical meanings, while at the same time, in a much more complex and
sometimes subtle way, signal various post-lexical information comparable to that in
non-tone languages (e.g., Chen, 2000, 2012; Chen & Gussenhoven, 2008; Cole, 2015;
Gussenhoven, 2004; Xu, 2001; Yip, 2002).!

Mandarin is a tone language. Fundamental frequency (f0) has been demon-
strated as the primary acoustic correlate of tones (Howie, 1976; Xu & Wang, 2001; Yip,
2002), although other acoustic parameters (e.g., intensity and temporal properties such
as duration and position of pitch turning point in some contour tones) can also be used
to mark tonal contrast (Hallé, 1994; Moore & Jongman, 1997; Xu, 2009).2 In Mandarin
Chinese, tonal information is an integral part of a word and the meaning of the
segments is associated with the pitch contour superimposed on them. Mandarin
Chinese has four main tones, in addition to a neutral tone. Tone 1 is a high-level tone;
Tone 2 is a mid-rising tone; Tone 3 is a low tone; Tone 4 is a high-falling tone. When
produced in prepausal position or in isolation, Tone 3 is realized with a dipping contour.

1 For some African and Asian languages, tone can be used to signal grammatical information. In
this thesis, “tone language” refers to languages in which tones are solely used to convey lexical
meaning.

2 Mandarin is used here to refer to Standard Chinese, the official language spoken in Mainland
China, which is based on Beijing Mandarin. Only when referring to other Mandarin dialects, will
we identify the specific dialect within the Mandarin dialect family. “Mandarin speakers”, without
mentioning a specific Mandarin dialect, then, is used to refer to speakers of Standard Chinese
who may or may not speak a Mandarin dialect other than Standard Chinese.


http://www.sciencedirect.com/science/article/pii/S0028393216303177#bib22
http://www.sciencedirect.com/science/article/pii/S0028393216303177#bib72
http://www.sciencedirect.com/science/article/pii/S0095447003000160#BIB32
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This tone also has two variants in connected speech: it becomes a low falling tone
preceding Tone 1, Tone 2, Tone 4 and neutral tone, and is realized with a rising
contour similar to Tone 2 preceding another Tone 3. The four full tones are
demonstrated in Figure 1.1. The neutral tone always comes at the end of a word or
phrase, associated with a weak syllable. It has a static and mid target, but the target is
realized with more pitch variation compared with lexical full tones: the pitch of a
syllable with neutral tone is substantially influenced by the tone in the preceding syllable
(Chen & Xu, 2006).

160
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Figute 1.1. Mean f0 contours of the four Mandarin tones in the monosyllable /ma/ produced in
isolation (Xu, 1997). Averaged over 48 tokens produced by eight male native Mandarin speakers.

When produced in isolation, different tones are realized with stable and distinctive
pitch contours. However, when produced in context, tones can be influenced by
adjacent tones and undergo substantial acoustic variation, leading to coarticulated tonal
realization which are different from the canonical contours. As for the perception of
tones, prior studies show a high level of interdependency in the processing of
segmental and tonal dimensions by native Mandarin speakers (Choi, Tong, Gu, Tong,
& Wong, 2017; Lin & Francis, 2014; Repp & Lin, 1990; Tong, Francis, & Gandour,
2008). That is, the segmental and tonal dimensions are integral and processed simul-
taneously by Mandarin native speakers.

With regard to perceptual identification and discrimination of lexical tones,
previous research showed that tones can be perceived in a categorical fashion by native
speakers (Francis & Ciocca, 2003; Hallé, Chang, & Best, 2004). In terms of the role of
tone in word recognition, some previous studies suggest that tone serves as a weaker
cue compared to segmental information. However, recent studies using online
measures such as eye-tracking and event-related potentials (ERP) show parallel pro-
cessing of segments and tones in word recognition, arguing that the role of tonal
information is comparable to that of segmental information. For example, Schirmer,
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Tang, Penney, Gunter, and Chen (2005) used ERPs to investigate the role of tone and
segmental information in Cantonese word processing. Comparing the ERPs elicited by
semantically congruous words and by tonally and segmentally induced semantic
violations, they found that both segments and tones were accessed at a similar point in
time and elicited an N400-like negativity. Malins and Joanisse (2012) offered further
support for the comparable roles of segments and tones, showing that both segmental
and tonal information could be accessed and used as soon as they become available
during word processing. Taken together, the existing literature suggests that tonal
information is exploited in spoken word recognition. It plays an eatly constraining role
in lexical activation, and words with non-matching tone would not be activated as
candidates. This effect can be captured and revealed more readily in online measure-
ments with tasks more similar to real communication situations.

Speakers of tone and non-tone languages have been reported to tune their
auditory systems to the same acoustic stimuli differentially due to their first language
(L1) experience. Both behavioral and neuroscientific studies have suggested that speak-
ers of tone and non-tone languages process pitch information differently.

Using multidimensional scaling, Gandour (1983) investigated the influence of
different language backgrounds on tonal perception. Speakers of tone languages
(Cantonese, Mandarin, Taiwanese, Thai) and a non-tone language (English) were asked
to judge the dissimilarity of paired tones. The result showed that listeners from a non-
tone language (English) attached more importance to pitch height and gave less weight
to pitch direction than did listeners from most of the tone language group. It is
suggested that the absence of lexical contrastive tones in monosyllabic words can
account for the low saliency of the direction dimension in English listeners’ dissimilarity
judgments. Bent, Bradlow, and Wright (20006) investigated the influence of long-term
linguistic experience on identifying non-speech rising, falling and flat pitches. The
results showed that the rising and falling stimuli were treated in the same way by
English listeners, but Mandarin listeners more often misidentified flat and falling pitch
contours than the English listeners, in a manner that could be related to specific
features of pitch contours of Mandarin lexical tones. The authors argued that, in
Mandarin, the pitch range of the falling tone (Tone 4) is larger than that of the rising
tone (Tone 2), so that Mandarin listeners might have a different criterion for the
distinction between falling and rising contours and were more reluctant to label stimuli
as falling than to label them as rising. Thus, it appears that listeners’ perception of pitch
movements can be shaped by the way pitch information is used in their native language.
Neurophysiological studies also showed differences in the hemispheric specialization of
pitch processing by tone and non-tone language speakers: tonal contrasts are processed
mainly in the left hemisphere by tone-language speakers, but in the right hemisphere or
bilaterally by non-tone language speakers (Gandour, Dzemidzic, Wong, Lowe, Tong, &
Hsieh, 2003; Gandour, Tong, Wong, Talavage, Dzemidzic, & Xu, 2004; Krishnan, Xu,
Gandour, & Cariani, 2005; Zatorre & Gandour, 2008).

Since non-tone language speakers are not familiar with pitch information
which conveys lexical meaning, tones can present a great difficulty to them. Such
difficulty in tone production and perception experienced by beginning learners of
Mandarin has been tested in a number of studies. In terms of tone production, Wang,
Jongman, and Sereno (2003) tested tone production in monosyllables by beginning
learners of Mandarin and showed that only 57 percent of the learners’ tone productions
was correctly identified by native Mandarin listeners. After a short-term training, 78
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percent of their tone production can be correctly identified. This shows that beginning
learners can be trained to improve their production accuracy in monosyllables. Other
studies also showed that tones in monosyllabic words can be produced correctly by
second language (I.2) learners of Mandarin (e.g., Hao, 2012).

As for the perception of tones, Wang, Spence, Jongman and Sereno (1999)
showed that, in a tone identification task, beginning English learners of Mandarin
showed an identification accuracy rate of 69 percent with a prevailing Tone 2-Tone 3
confusion. This study also showed that learners could be trained to significantly
improve their tone production and identification accuracy. After a two-week perceptual
training, English learners of Mandarin improved their Mandarin tone identification
accuracy by 18 percentage points.

Taken together, lexical tone plays an important role in Mandarin. Tones and
segments are processed in an integral manner by native speakers and the role of tones
in spoken word recognition is comparable to that of segments. For non-tonal L2
learners, establishing new tonal categories can be challenging since they do not make
extensive use of suprasegmental features in lexically contrastive way in their L1.
Previous studies demonstrated that beginning 1.2 learners of Mandarin can correctly
produce tones in monosyllables and perceive tones with high accuracy in simple identi-
fication and discrimination tasks. These findings have presented a promising start, but
the process of tone acquisition is more demanding. To produce natural and native-like
words, learners need to learn coarticulation patterns of tones in addition to the
canonical tonal contours. To process tonal information effectively, learners are also
required to attach more perceptual weight to the previously ignored suprasegmental
dimension. Furthermore, they need to learn to attune to the most reliable phonological
tonal information for word form identification in connected speech. Last but not least,
effective exploitation of tones is of great importance in spoken word recognition.
Therefore, the crucial research questions are: (1) to what extent can advanced learners
achieve these goals; and (2) what mechanisms underlie the development of their L2
tone acquisition? Few studies in the existing literature have addressed these issues. To
fill this research gap, this dissertation examines the production and perception of Man-
darin tones by both beginning and advanced Dutch learners of Mandarin, with native
Mandarin speakers as a control group. Specifically, four experimental studies are
reported in this dissertation, viz. on L2 tonal coarticulation patterns in disyllabic tone
production (Chapter 2), attention redistribution in L2 tone processing (Chapter 3), L2
tone processing at the phonological level (Chapter 4), and the role of tones in lexical
access for L2 learners (Chapter 5). The following sections provide the backgrounds of
these topics.

1.2 Tonal coarticulation by native Mandarin speakers and L2 learners

Coarticulation refers to the influence of one sound on a neighboring sound in speech
production, since speech is produced as “a sequence of sounds flow to articulatory
movements” and “there is ‘blurring of the edges’ of segmental articulations as the vocal
tract moves from one articulation configuration to the next” (Bell-Berti, Krakow,
Gelfer, & Boyce, 1995). A speech sound is influenced by both the preceding sound (i.e.,
carryover effect) and the subsequent sound (i.e., anticipatory effect). Bidirectional
coarticulatory effects have been reported in vowels and consonants, e.g., carryover
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effect as shown in Recasens (1984) and Beddor, Harnsberger, & Lindemann (2002);
and anticipatory effects as shown in Martin & Bunnell (1981) and Grosvald (2009).
Whalen’s (1990) findings demonstrate that the carryover effect is a result of
physiological constraints in realizing some motor program, since this effect remains
robust when cognitive planning is constrained. The anticipatory effect, on the other
hand, would be a reflection of speech planning, in that it decreases when the
participants’ planning mechanism is inhibited.

Previous research focusing on coarticulation patterns in Asian tone languages
shows that tonal coarticulation is also bidirectional, which is in parallel with the cases of
vowel and consonant coarticulation. The carryover effect is generally strong in terms of
the magnitude and temporal domain, while the anticipatory effect is generally weaker
(e.g., Thai: Abramson, 1979; Gandour, Potisuk, & Dechongkit, 1994; Vietnamese:
Brunelle, 2009; Han & Kim, 1974). The patterns of Mandarin tonal coarticulation
generally agree with the findings from other tone languages. Xu (1997) examined tonal
coatticulatory pattetns in disyllabic non-words /mama/ with all possible tonal
combinations in Standard Chinese produced by native Beijing Mandarin speakers. The
results showed that the carryover effect exhibits an assimilatory nature; a high offset of
the first tone can raise the onset of the following tone, while a low offset lowers the
onset of the following tone. The anticipatory effect, however, is largely dissimilatory.
Xu (1997) showed that, in Standard Chinese, the anticipatory effect is mainly on the
maximum f0 of the preceding tone.

In terms of 1.2 production of Mandarin tones, considerable evidence indicates
that L2 learners are able to correctly produce lexical tones in isolation (e.g., Hao, 2012;
Wang, Jongman, & Sereno, 2003). Producing tones in connected speech, however, does
present a great challenge, evident in the higher error rates and decreased intelligibility of
L2 speech (Hao, 2012; Shen, 1989; Sun, 1998; Yang, 2011, 2016). However, the
acquisition of fine-grained tonal coarticulation patterns has received less research
attention. Recently, Brengelmann, Cangemi and Grice (2015) tested tonal coarticulation
in disyllabic sequences by German learners of Mandarin and found much f0 variation in
the last 20 percent of the tone contours on the first syllable, which suggested a strong
but non-native-like anticipatory effect. The extent to which the pattern is general
among learners of non-tonal languages is an interesting issue to investigate.

As reviewed earlier, tonal coarticulation has been mainly investigated in three
aspects: the directionality (carryover or anticipatory), the nature (assimilatory or
dissimilatory), as well as the magnitude and temporal extent of the effects. Thus far, the
underlying mechanism and source of the tonal coarticulatory effect for native speakers,
as well as L2 acquisition of tonal coarticulation have been under-investigated. Therefore,
Chapter 2 sets out to investigate these issues using a disyllabic tone production task
with a high cognitive load. By testing native speakers, we aim to shed further light on
the mechanisms underlying tonal coarticulation. By recruiting both beginners and
advanced Dutch learners of Mandarin, we will investigate the developmental trajectory
and mechanisms of tonal coarticulation that underlie the ultimate attainment of
acquisition in a tone language by non-tonal L2 learners.

1.3 Attention redistribution and segment-tone integration in L2 acquisition



6 TING ZOU: PRODUCTION AND PERCEPTION OF TONE BY DUTCH LEARNERS

When learning a foreign language, learners are often confronted with difficulties in both
low-level auditory processing and in the phonological processing of non-native
segmental and suprasegmental contrasts. Different theoretical models have been
proposed to account for such difficulties. The Speech Learning Model (SLM) holds that
1.2 learners perceive non-native sounds by referring to the phonetic categories of their
L1 sound system (Flege, 1995). The mechanisms involved in L1 acquisition, such as
category formation, remain intact through one’s life and can also be used in 1.2 learning,
although this ability tends to decrease as the learner’s age of learning increases. PAM-
L2 (Best & Tyler, 2007), based on the Perceptual Assimilation Model (PAM) (Best,
1994), assumes that a listener’s perceptual system will automatically assimilate non-
native speech sounds to the nearest categories in the L1 sound system, and the
discrimination of non-native contrasts can be predicted from the way in which they are
assimilated. For the case of 1.2 acquisition of Mandarin tones, both SLM and PAM-L2
suggest that a novel L2 speech contrast can potentially be acquired by learners.

While these models of L2 acquisition have focused on whether new L2
categories can be acquired, much less has been investigated on how they are acquired.
As discussed in the previous section, past research has shown that the same pitch
movements can be attended to differentially by tone and non-tone language speakers.
Braun and Johnson (2011) showed that Mandarin speakers were attentive to the rising
and falling pitch contours on both the initial and final syllables in a disyllabic non-word.
These contours signal two different lexical tones in Mandarin. Dutch speakers, in
contrast, were much more sensitive to pitch movements in the final position than in the
initial position, possibly because a Dutch final pitch movement serves as a salient cue
for non-lexical meanings, such as question vs. statement.

Morteover, prior studies suggest that the processing of segmental and tonal
dimensions by native Mandarin speakers is more interdependent than by non-tone
language speakers. The segment-tone integration has been revealed in some studies
testing the so-called Garner interference. That is, there is an increase in reaction time
due to the inclusion of irrelevant information during perceptual processing (Garner,
2014). For example, Tong, Francis and Gandour (2008) tested the interactions between
segmental and suprasegmental dimensions of Mandarin Chinese by asking participants
to attend to one dimension while ignoring the other. Their results suggested that
variations in the segmental dimension interfered more with tone classification than vice
versa. While in non-tone languages, like English, the two dimensions are much less
integrated, and therefore listeners are able to tune their attention to only one dimension
and suppress interference from the other (Lin & Francis, 2014). This integrality of
tones and segments in tone languages such as Mandarin Chinese and Cantonese has
also been found in recent neuroscientific studies (Choi et al., 2017; Gao, Hu, Gong,
Chen, Kendrick, & Yao, 2012; Tong, McBride, Lee et al., 2014). For example, Choi et al.
(2017) tested perceptual integration of vowels and tones in native Cantonese speakers
using the passive oddball paradigm. Tone-MMN, vowel-MMN and double-MMN were
elicited. The results showed that double-MMNs were significantly smaller in amplitude
than the sum of single feature MMNs, suggesting the perceptual integration of tones
and vowels at the phonological level.

Therefore, the issues we address here are: during the course of their acquiring
a tonal system, can Dutch learners of Mandarin learn to redistribute their attention to
segmental and tonal information like native speakers and can they develop a more
integral processing of these two dimensions? Chapter 3 investigates these questions by
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examining how beginners and advanced Dutch learners of Mandarin process tonal
information in an ABX matching-to-sample task, compared to both native Mandarin
speakers and native Dutch speakers without any tone language expetience.

1.4 Phonological processing of tone contrasts by L2 learners

The automatic selective perception (ASP) model (Strange, 2011), which has been
developed to characterize L1 and L2 speech perception, highlights the role of attention
in language acquisition. It further differentiates between a phonological mode and a
phonetic mode of perception. The phonological mode is employed by native listeners,
in which automatic selective perception routines are used to detect phonologically con-
trastive information for identifying word forms. This automatic processing is shaped by
language experience, and therefore costs little cognitive effort. The phonetic mode is
employed by native speakers to detect fine-grained allophonic details, and requires
more cognitive effort. It is hypothesized that at the beginning stage of 1.2 learning, the
phonetic mode of perception has to be used when processing novel contrasts. The L2
learning process involves the development of new selective perception routines that
optimize the attunement to information that is reliable for word-form recognition. The
role of the task is also emphasized by the ASP model: in tasks with a high memory load
and phonetic variability, 1.2 listeners are less likely to detect fine-grained phonetic
details, and therefore have to use the phonological mode of processing; in less demand-
ing tasks with simple stimuli, the phonetic mode can be used.

The problem of Japanese listeners’ discrimination of the English /t/-/1/ con-
trast (Strange & Dittmann, 1984) is a good example of acquisition difficulty that can be
accounted for by the ASP model. The L2 listeners showed a good performance in basic
identification and discrimination tasks in which the phonetic mode of processing could
be used. In a more demanding task with complex stimuli asking for the phonological
mode of processing their performance was poor, since the selective perception routines
of English had not been established yet. Likewise, for perception of a non-native /e/-
/e/ contrast as predicted by the ASP model, the level of difficulty is a function of task
and stimulus factors (Pallier, Bosch, & Sebastian-Gallés, 1997; Sebastian-Gallés & Soto-
Faraco, 1999; Sebastian-Gallés, Echeverria, & Bosch, 2005). These findings also suggest
the important role of task demands and stimulus complexity in the assessment of parti-
cipants’ processing ability of non-native segmental and suprasegmental contrasts at the
phonological level.

Furthermore, learning to use tonal information in lexical access is another
crucial issue in L2 tonal acquisition. However, to our knowledge, no systematic em-
pirical research has been done to investigate tone processing in lexical access by 1.2
learners. To examine the developmental trajectory of the Dutch learners’ phonological
processing of tonal contrasts and the use of lexical tones in lexical activation, Chapter 4
adopts a cognitively demanding sequence recall task and a lexical decision task, testing
both beginning and advanced Dutch learners of Mandarin and native Mandarin speak-
ers as a control group.
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1.5 Segmental versus tonal information in lexical access by L2 learners

As the studies investigating real-time spoken word recognition accumulate, it is becom-
ing increasingly clear that as the input unfolds, lexical candidates are activated im-
mediately with receipt of a minimal amount of acoustic information (McMurray,
Clayards, Tanenhaus, & Aslin, 2008); the activation is updated incrementally (Dahan &
Gaskell, 2007; Shen, Deutsch, & Rayner, 2013); multiple words are activated in parallel
and compete with each other during the recognition process.

To capture these characteristics of spoken word recognition, current models
(such as TRACE: McClelland & Elman, 1986 and Shortlist: Norris, 1994; Norris &
McQueen, 2008) assume that, as speech input unfolds, the incoming sound can be
mapped onto phonemic and lexical representations in the mental lexicon, and then a set
of lexical candidates compete for recognition. Since these models were developed using
non-tone languages, they do not encode lexical tones. As suggested by recent online
studies on lexical tone processing (e.g., Malins & Joanisse, 2010), it is increasingly clear
that tone plays a comparable role as segments in constraining lexical activation. Tones
have been incorporated into the TRACE model in a recent simulation of monosyllabic
spoken word recognition of Mandarin Chinese (Shuai & Malins, 2017), based on the
finding and suggestions from previous studies (Malins & Joanisse, 2010; Ye & Connine,
1999; Zhao, Guo, Zhou, & Shu, 2011).

There has also been an abundance of studies that have tested the perception
and production in beginning Mandarin L2 learners. For example, Wang et al. (1999)
show that English learners of Mandarin improved their tone identification accuracy in
monosyllabic words from 69% to 90% after a two-week training, The training-induced
improvement also generalized to new words and speakers. In addition to tones in
isolated syllables, the perception of longer stimuli also has been tested. Hao (2012)
found that both English and Cantonese learners of Mandarin performed better in
monosyllabic tonal identification than in disyllabic identification. Both learner groups
showed better Mandarin tone mimicry than tone identification and reading, The former
task only involved low-level auditory perception and articulation while the latter task
required a more abstract representation of tones. This suggests that the main difficulty
in tone learning is the establishment of robust associations between pitch contours and
tone categories.

More recently, learning to use lexical tone information in word recognition by
naive non-native speakers of Mandarin have been tested in several training studies. The
sound-to-word learning paradigm, which trains participants to associate minimal tone
pairs with different meanings, has been employed in these studies to examine the
contribution of individual variability in cue weighting in tone learning (Chandrasekaran,
Sampath, & Wong, 2010), the effect of individual musical experience (Wong &
Perrachione, 2007), as well as the influence of tonal context in tone learning (Chang &
Bowles, 2015). Some studies also found training-induced changes in the participants’
neural system (Wong, Chandrasekaran, Garibaldi, & Wong, 2011; Wong, Perrachione,
& Parrish, 2007). Although the focus varied across these studies, the convergent result
is that naive non-native speakers of Mandarin can be trained to use pitch information
lexically.

While much research effort has been devoted to learning lexical tones by naive
non-native Mandarin speakers and beginning learners, the processing of tones and
segments by advanced L2 learners of Mandarin and the developmental trajectory have
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not been studied before. Moreover, L2 processing of tonal information has not been
investigated using on-line methods. Therefore, Chapter 5 sets out to examine the role
of tones and segments in auditory spoken word recognition using the Visual World
Paradigm by monitoring the eye movements of both beginners and advanced Dutch
learners of Mandarin. Native Mandarin speakers were also tested, as a control group.






Chapter two

Effect of cognitive load on tonal
coarticulation: Evidence

from native Mandarin speakers
and Dutch learners of Mandarin

2.1 Introduction

In Mandarin Chinese, a lexical tone language, pitch movements (cued mainly via
fundamental frequency) are used to convey lexical meaning, When produced in iso-
lation, different tones are realized with stable and distinctive pitch contours. However,
when produced in connected speech, tones can be influenced by the preceding and
following tones and undergo substantial acoustic variation, leading to coarticulated O
realizations which are different from the canonical contours. Such deviated fO shapes
make it a great challenge for adult non-tonal learners of Mandarin to achieve native-like
tone production. It is evident in the literature that such anomalous tonal coarticulation
patterns can be the cause of quite a part of the foreign accent of less proficient
Mandarin speakers (Hao, 2012; Lee, Vakoch, & Wurm, 1996; Wang, Jongman, & Sereno
2003).

>

Previous research on tonal coarticulation has mainly focused on the
directionality (carryover or anticipatory), the nature (assimilatory or dissimilatory), and
the magnitude of contextual effects on tonal production by native speakers (see Chen,
2012, for a review). In contrast, the underlying mechanisms of tonal coarticulation and
the acquisition of coarticulated patterns by second language (L2) learners of Mandarin
have remained much less-understood. This study was therefore designed to examine
tonal coarticulation by both native and learners of Mandarin, with a particular focus on
the effect of cognitive load on tonal coarticulation and the developmental trajectory
with regard to the acquisition of tonal coarticulation by learners of non-tonal languages.

2.1.1 Tonal coarticulation in Mandarin Chinese

Coarticulation, the influence of one sound on a neighboring sound in speech pro-
duction, is an issue that has been extensively studied. The traditional view is that it is a
universal phenomenon caused by speech physiology, but it has become cleat that both
the pattern and the degree of coarticulation can be language-specific (Baumotte &
Dogil, 2008; Beddor, Harnsberger, & Lindemann, 2002; Choi & Keating, 1991;
Gandour, 1994; Hardcastle & Hewlett, 2006; Manuel, 1990; Oh, 2008).
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A speech sound is influenced by both the preceding sound (i.e. catryover
effect) and the subsequent sound (i.e. anticipatory effect). Such bidirectional coarticu-
latory effects have been reported in vowels and consonants, e.g., carryover effect as
shown in Recasens (1984) and Beddor, Harnsberger, and Lindemann (2002); and
anticipatory effects as shown in Martin and Bunnell (1981) and Grosvald (2009).
Whalen (1990) has proposed that the carryover effect is a result of physiological con-
straints in realizing some motor program, since this effect remains robust when cognit-
ive planning is constrained. The anticipatory effect, on the other hand, would be a re-
flection of speech planning, in that it decreases when the participants’ planning
mechanism is inhibited.

Different from vowel and consonant coarticulation, the realization of pitch
target in tone production relies on a single articulator, the larynx. Therefore, adjacent
tones with opposing pitch targets have to compromise with each other, as overlap in
the timing of different gestures, which is common for coarticulation in segments
(Browman & Goldstein, 1986), is less feasible in tonal coarticulation (Xu, 1994;
DiCanio, 2014). Understanding tonal coarticulation, in comparison to segmental coarti-
culation, is thus important for research on coarticulation in general.

Most experimental studies on tonal coarticulation have been based on Asian
contour-tone languages and the findings, as mentioned eatlier, have been mainly in
three aspects: the directionality (carryover or anticipatory), the nature (assimilatory or
dissimilatory), as well as the magnitude and temporal extent of the articulatory effects.
Similar to vowel and consonant coarticulation, previous findings show that tonal
coarticulation can also be bidirectional, with assimilatory carryover effect and dissimilat-
ory anticipatory effect. The carryover effect is generally strong and its influence can
extend to the first half of or even the entire following syllable. The magnitude and
temporal extent of the anticipatory effect is generally smaller compared to the carryover
effect (e.g., Thai: Abramson, 1979; Gandour, Potisuk, & Dechongkit, 1994; Gandour,
Potisuk, Ponglorpisit, Dechongkit, Khunadorn, & Boongird, 1996; Potisuk, Gandour,
& Harper, 1997; Vietnamese: Brunelle, 2009; Han & Kim, 1974), although more recent
experimental studies suggest that the anticipatory effect can also be quite salient (see,
e.g. Chang & Hsieh, 2012; Li & Chen, 2010).

The patterns of Mandarin tonal coarticulation generally agree with the findings
from the above reported patterns for other tone languages. Xu (1997) examined tonal
coatticulatory pattetns in disyllabic non-words /mama/ with all possible tonal
combinations in Standard Chinese produced by native Beijing Mandarin speakers. The
results showed that both carryover and anticipatory effects exist in Mandarin. The
carryover effect exhibits an assimilatory nature; a high offset of the first tone can raise
the onset of the following tone, while a low offset lowers the onset of the following
tone. This effect shows a strong influence on the initial and middle part of the final
syllable. The anticipatory effect, however, is largely dissimilatory. Xu (1997) showed
that in Standard Chinese, the anticipatory effect is mainly on the maximum f0 of the
preceding tone. Specifically, the low tone (T3) in the second syllable showed a raising
effect on the initial part of the falling tone (T4) and the final part of the rising tone (T2).
The magnitude of the anticipatory effect, however, is much smaller compared to the
carryover effect. (It is to be noted that in a closely related Mandarin dialect, Tianjin
Mandarin, Li & Chen (2016) showed that anticipatory raising may manifest as the
raising of the whole tonal contour. More experimental studies are therefore needed to
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understand the full range of tonal coarticulatory effects in different dialects within the
Mandarin dialect family.)

Thus far, what has remained under-investigated is the underlying mechanism
and source of the tonal coarticulatory effects. Among the limited number of studies
focusing on this issue, Xu (2001) argued that the carryover effect in Mandarin tone is
most likely caused by articulatory constrains (i.e., the maximum speed of pitch change).
For the anticipatory effect, Tilsen (2009, 2013) reported that native Mandarin speakers
tended to dissimilate tones that were planned contemporaneously, which led him to
suggest that the dissimilatory effect may result from an inhibitory speech planning
mechanism between articulatory targets planned in parallel, with the goal to maintain
and maximize phonemic contrasts.

Recently, Franich (2015) took a step further in this line of investigation by
introducing the effect of cognitive load. Since motor planning in speech production is
believed to recruit central processing resources (Gathercole & Baddeley, 2014; Meyer &
Gordon, 1985), increase of cognitive load (Mattys & Wiget, 2011) is therefore expected
to introduce the reduction of processing resources for articulatory planning. To
introduce cognitive load, a dual-task paradigm was used in Franich’s (2015) study.
Native Mandarin speakers were asked to read disyllabic Mandarin non-words while be-
ing told that they would need to recall the two-digit numbers given before the reading
of the non-words. A robust carryover effect was found in both normal and cognitive
load conditions. Furthermore, dissimilatory anticipation effect was found to increase
under high cognitive load, especially on the high tone (Tone 1) and the low tone (T3).
This result is puzzling, however, given the earlier finding that inhibited planning should
lead to decrease in anticipatory effect (Whalen, 1990). A possible reason is, as argued by
Franich, that anticipatory coarticulation carries important linguistic function (main-
taining and maximizing contrasts between phonemic categories) and may therefore
have a dedicated cognitive mechanism for its realization even under high cognitive load.
This then predicts that native and non-native speakers (especially beginning learners)
may show differential effects of cognitive processing constraint on tonal coarticulation,
if the cognitive mechanism is developed as a consequence of mastering the native
language.

2.1.2  Tonal coarticulation patterns by L2 learners of Mandarin

Thus far, although existing studies on L2 Mandarin learners show that learners are able
to correctly produce lexical tone in isolation (e.g., Hao, 2012; Wang, Jongman, & Sereno,
2003), their production of tones in connected speech is greatly challenged, evident in
the higher error rates and decreased intelligibility of L2 speech (Hao, 2012; Shen, 1989;
Sun, 1998; Yang, 2011, 2016). He and Wayland (2010) found that when producing co-
articulated tones in disyllabic words, more experienced American learners of Mandarin
are more accurate than less experienced learners. Brengelmann, Cangemi and Grice
(2015) examined anticipatory tonal coarticulation in disyllabic sequences in German
learners of Mandarin. Compared to native Mandarin speakers, German learners showed
that for all four lexical tones, the influence of the following tone was mainly on the
final part of the initial syllable. Furthermore, they also produced more f0 variations in
the last 20 percent of the tone contours on the first syllable, with much of the vari-
ability due to non-native like anticipatory coarticulation. What remains to be learned is
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to what extent the observed pattern is general among learners of non-tonal languages.
Their results motive more systematic studies of the acquisition of tonal coarticulation.
A follow-up question is the developmental trajectory and mechanisms of tonal coarti-
culation that underlies the ultimate attainment of tonal acquisition by non-tonal second
language learners.

To address these questions, the current study adapted the paradigm used in
Franich (2015) and tapped further into the cognitive mechanisms of tonal coarticu-
lation by both native and non-native Mandarin speakers. We intended to replicate the
findings of Franich (2015) for native Mandarin speakers. Furthermore, we also tested
beginning and advanced Dutch learners of Mandarin under cognitive load, aiming to
reveal the developmental path of tonal coarticulation acquisition, which, we hope, can
help to shed further light on the general mechanisms underlying tonal coarticulation.

2.2 Methods
2.21  Participants

Twelve Mandarin control participants and 22 Dutch learners of Mandarin participated
in the experiment (10 beginning learners and 12 advanced learners). The native Manda-
rin control group had 3 males and 9 females (age: M = 26.3, SD = 3.0). All were from
the Northern part of China and spoke standard Mandarin on a daily basis and fluently.
Four were native speakers of Beijing Mandarin and the other eight speakers spoke
standard Chinese as their dominant language, but they could speak another northern
Mandarin dialect. All Dutch learners of Mandarin received formal Chinese training
from the Chinese Studies program at Leiden University. The beginning group consisted
of 4 males and 6 females (age: M = 20.6, SD = 2.5). Their Mandarin learning and
speaking experience varied between 0.5 and 2 years (mean = 1.2, SD = 0.5), and they
had never lived in China. The other 12 participants (4 males and 8 females; age: M =
24.0, SD = 3.6) were advanced Mandarin learners, who had Mandarin experience be-
tween 3 and 14 years (M = 4.8, SD = 3.1), and had spent at least one year in China.

2.2.2  Material and procedure

The stimuli, following the design of Xu (1997) on tonal coarticulation, were disyllabic
non-word /mama/ with each syllable bearing one of the four Mandarin tones: the high
tone (T1); the rising tone (T2), the low tone (I3) and the falling tone (T4) (Chen &
Gussenhoven, 2008; Duanmu, 2000). When produced in the second syllable, T3 was
expected to show a dipping contour just like its canonical form. It would be realized as
a variant with low falling contour preceding T1, T2 and T4. According to the sandhi
rule, T3 would be realized with a rising contour, similar to T2 preceding another T3. All
16 possible tonal combinations were tested with four repetitions in three conditions:
no-cognitive-load, low-cognitive-load and high-cognitive-load condition. The cognitive-
load conditions were manipulated following the paradigm of Lavie, Fockert and Viding
(2004), with a minor change of using two-digit numbers as memory material in the low-
cognitive-load condition instead of one-digit number. The participants were recorded
individually in the Leiden University Phonetics Lab using E-prime (44.1 kHz, 16 bit)



CHAPTER TWO: EFFECT OF COGNITIVE LOAD ON TONAL COARTICULATION 15

with a Sennheiser MKH416T microphone. The three groups of participants were asked
to read the sequences given in pinyin, with instructions in their respective native
languages (i.e. Chinese for the native Mandarin speakers and Dutch for the learners).

In the control no-cognitive-load (NCL) condition, a fixation point (“+7) was
first presented on the screen for 2s at the beginning of each trial. After that, a disyllabic
pinyin with tone marks appeared on the screen. The participants were asked to simply
read them aloud. They had 2.5s for each trial, and after that the next trial proceeded
automatically.

For the two cognitive load conditions, the reading task was presented in the
retention interval of a short-term memory task. In each trial, the reading task was
preceded by memory material, and followed by memory testing material. In the low-
cognitive-load (LCL) condition, the memory material was two one-digit numbers and in
the high-cognitive-load (HCL) condition, it was six one-digit numbers. For both
conditions, each trial started with a 2s presentation of a fixation point (“+7) in the
center of the screen. After that, a row of two digits were presented equally spaced
(hotizontally) for 500 ms in the LCL condition. In the HCL condition, a row of six
digits were presented for 2s. During the presentation of the memory material, the parti-
cipants were asked to try their best to remember the digits. Then, the memory digits
were replaced by masking arrays with a 500-ms display of two asterisks for the LCL
condition, and one 1s display of 6 asterisks for the HCL condition. The masking array
was then followed by the presentation of pinyin with tone marks. A time window of
2.5s was provided for participants to read the pinyin aloud. After that, a green digit was
presented as the memory testing material. The participants were required to decide
whether this digit was present or not in the preceding memory material by pressing “”
(indicated by a green sticker with “yes” on the keyboard) or “k” (indicated by a red
sticker with “no” on the keyboard). After the participants responded, the next trial
followed automatically.

a — b
ﬁ—‘l_‘
+ +
(2s) mama (2s) 785496
(2_55] (25] e sk ok ek I
Fixation Fixation (1s) | Mama
w) Memory (2.55) .
Ti : material  Masks
Me line Stimulus

Testing
Time line material
Figure 2.1. The procedures of the no-cognitive-load condition (panel a) and high-cognitive-load
condition (panel b).

The digits in the memory set were selected from 1 to 8. Each digit was equally likely to
appear in each position in the memory set of both conditions. The order of the two
digits in the LCL condition was random, and the two digits for the same trial were
always different from each other. The order of the six digits in the HCL condition was
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also random, under the condition that the same digit never appeared more than twice in
a trial, and no more than two digits appeared in sequential order. For both conditions,
the memory testing digit was equally likely to be present or absent in the memory
material. If the digit was present in the memory material, it was equally likely to appear
in any possible two or six positions in the memory sequences (see Figure 2.1).

Each condition consisted of four repetitions of the 16 disyllabic non-words.
The 64 trials were presented as two blocks in different random orders to each parti-
cipant. Furthermore, the order of the three conditions was also randomized across
participants. In total, there were 192 trials (16 disyllabic combinations X 4 repetitions X
3 conditions) for each participant.

2.2.3  Pre-processing of the data

For all three participant groups, the coarticulation patterns in the LCL condition were
not apparently different from the NCL control condition. So, only the results from the
NCL control condition and the HCL condition are reported here. In the HCL con-
dition, the error rate in the memory test was low across three groups (2.3% for NM;
7.5% for BL; 5.7% for AL). A total of 238 trials (out of 4,352) in which participants
failed to respond accurately in the memory test were excluded. Furthermore, for both
conditions, 34 trials were excluded in which participant had failed to read the stimulus
within the assigned time window (2 trials for NM; 23 trials for BL; 12 trials for AL). In
all, the recordings from 4,077 trials (out of 4,352) were included in the next step.

All 4,077 recordings were evaluated by a native Mandarin speaker in a tone
identification task. For native Mandarin speakers, 2.9% trials could not be correctly
identified. The production error rate for advanced learners was 7.7% and even higher
for the beginning learners (13.8%). Only the recordings that were correctly identified by
the native Mandarin listener (3,767 recorded disyllabic sequences) were used for the
final fO analysis.

2.2.4  FO analysis

The boundaries of the vowels and nasal consonants were manually labelled in Praat
(Boersma & Weenink, 2016) using a custom-written script (Chen, 2011).> The O ex-
traction was also done in Praat (time step = 0.01s; pitch floor = 75 Hz). The 0 con-
tours were obtained by taking 20 equidistant points for vowels, and 10 points for nasal
consonants using the same custom-written script. To normalize the individual differ-
ences in fO range, each participant’s raw f0 data was transformed to participant-specific
z-scores.

3 Chen, Y. (2011). Generate norm FO.praat (praat script).
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2.2.5  Statistical analysis

In order to give a more systematic and detailed report on coarticulatory effect, we
examined the overall fO height, the slope, as well as the steepness of the fO contour of
target tones.

Given the time-varying nature of the tonal contours, we adopted the growth
curve analysis (GCA) (Mirman, 2014) with linear mixed model in R. GCA is a multi-
level regression method using orthogonal polynomials to fit non-linear time course data.
It is powerful in quantifying and analyzing the shapes of time course curves (e.g. {0
data). In the present study, second-order orthogonal polynomials were used with three
parameters representing a curve’s characteristics, that is, y =  + x + ¢x2 The intercept
a refers to the overall mean of the fO curves; the linear term 4 indicates the direction of
the fO curves (rise or fall); the quadratic term ¢ refers to the steepness of the curvature.
Two different fO contours should expect at least one statistical significance among the
three aspects.

Models were built for each target tone in both the first-syllable and second-
syllable positions. The fixed effects consisted of the Linear Term, the Quadratic Term,
and the experimental conditions, which include the Tonal Context (i.e. the preceding
and following tones), Cognitive Load Condition (i.e. NCL and HCL), the Participant
Group (i.e. NM, BL and AL), in addition to their interactions. Repetition and inter-
action between Repetition and Linear and Quadratic Terms were also included as fixed
effects. For random effects, we had intercepts for Subjects, as well as by-Subject ran-
dom slopes for the Cognitive L.oad Condition and Tonal Context.

Duration of the first and second vowel in the /mama/ sequence wete also
tested with linear mixed modeling. A model was built with Participant Group, Tone of
the 15t syllable, Tone of the 20d syllable, Cognitive Load, the interactions of these
factors, and Repetition as fixed effects. Intercepts for Subjects was used as a random
effect.

The significance of main effects in models of fO contours and vowel durations
were obtained via likelihood ratio comparisons with the change in log-likelihood dis-
tributed as y’. The degrees of freedom equaled the number of parameters added. The
results of the main effects are presented in Appendices Al and A2.

For both models of f0 contours and vowel duration, post-hoc comparisons
were conducted using the g/t function in the Multcomp package with Bonferroni ad-
justment in R (Hothorn, Bretz & Westgall, 2008). More specifically, for models of fO
contours, we compared the influence of each pair of contextual tones with contrastive
offsets or onsets on the target tones for each participant group and cognitive load con-
dition in the post-hoc comparison. Specifically, for the carryover effect, we compared
all pairs of high-ending tones versus low-ending tones (T'1 vs. T3, T1 vs. T4, T2 vs. T3
and T2 vs. T4). For the anticipatory effect, tonal pairs with contrastive onsets were
compared (T1 vs. T2, T1 vs T3, T2 vs. T4 and T3 vs. T4).

2.3 Results

The fixed effect of Tonal Context was significant in all models of target tones in the
first- and second-syllable positions (all p values < 0.05). The main effect of Cognitive
Load was significant for all the models of tones in the first-syllable position (all p values



18  TING ZOU: PRODUCTION AND PERCEPTION OF TONE BY DUTCH LEARNERS

< 0.05), while for models of tones in the second syllable, this effect was only significant
for T4 [(1) = 7.42, p < 0.05]. The effect of Participant Group was found significant
only for T2 and T3, both in the first syllable position [T2: *(2) = 32.47, p < 0.001; T3:
7(2) = 10.64, p < 0.01] and in the second syllable position [’(2) = 16.55, p < 0.01; /(2)
= 15.08, p < 0.001]. The three-way interaction of Tonal Context, Cognitive Load and
Participant Group was significant in all models for target tones on both the first and
the second syllable positions (all p values < 0.05) (see Appendix Al for more detailed
results).

For models of vowel duration in first- and second-syllable positions, the
effects of Participant Group, Tone of the 15t Syllable, Tone of the 27 Syllable and Cog-
nitive Load were significant (all p values < 0.05). For the model of vowel duration in
the first syllable, other significant effects were the interaction between Participant
Group and Tone in the 1%t Syllable [*(6) = 249.96, p < 0.001], the interaction between
Participant Group and Tone in the 274 Syllable [’(6) = 27.05, p < 0.001], as well as the
three-way interaction of Participant Group, Tone in the 15t Syllable and Cognitive Load
[/(8) = 31.97, p < 0.001]. For the model of vowel duration in the second syllable,
significant interaction was found between Participant Group and Tone in the 2nd
Syllable [/(6) = 423.95, p < 0.001].

In the following, we will present figures and statistical analyses of the
carryover (§ 2.3.1) and anticipatory effects (§ 2.3.2). In both sections, the figures of
tonal contours will be presented first. Subsequently, the post-hoc results of interaction
of Participant Group, Tonal Context and Cognitive Load in each model will be pre-
sented for discussion of the fine-grained details in fO-contour. Finally, the results of the
target tones’ duration will be reported.

2.3.1  Carryover effect
2.3.1.1 Native Mandarin speakers

Figure 2.2 presents the carryover effect of the preceding tones on the contours of the
following tone in /mama/ sequences produced by native Mandarin speakers without
cognitive load. At the syllable boundary, the fO onset of the second syllable was con-
siderably influenced along the same direction by the offset of the first tone. Specifically,
the high offset of the preceding tone (T1 and T2) raised the fO of the initial nasal part
of the following tone, and the low offsets (in T3 and T4) lowered the nasal part of the
following tone. Furthermore, the influence of the preceding tone decreased over time:
the fO contour varied enormously during the initial nasal part; the fO contours also
differed at the beginning part of the vowel, and remained sizeable at the vowel offset
for T1 and T3. In Xu (1997), the target non-words were produced in carrier sentences,
therefore T3 in the second syllable was only realized as a low falling contour. Since the
non-words were presented in isolation in our study, T3 in the second syllable showed a
dipping contour. The general observations of carryover effect in the current study are
similar to the results in Xu (1997).
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Figure 2.2. Carryover effects for native Mandarin speakers in the NCL control condition. In each
panel, the tone in the second syllable is beld constant (T1-T4) and the tone in the initial syllable varies.

To examine the effect of cognitive load on carryover coarticulation, we plotted in
Figure 2.3 the fO contours over the vowel portion of the second syllable, as a function
of different preceding tones under different cognitive load conditions (left: the NCL
condition and right: the HCL condition).



20 TING ZOU: PRODUCTION AND PERCEPTION OF TONE BY DUTCH LEARNERS
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Figure 2.3. FO contours (over the vowel part) of the four target tones when preceded by different tones
produced by native Mandarin speakers. Normalized f0 contours averaged across participants.

Figure 2.32 shows that in the NCL condition, the whole contour of T1 was lowered by
the low offset of the preceding T3 and T4, resulting in an initial rising contour. Both
the overall fO height and 0 slope of the second T1 were significantly different follow-
ing tones with high offsets vs. low offsets, presenting an assimilatory pattern (Table
2.1a). Similar to T1, the initial part of T2 in the second syllable was also significantly
affected by the offsets of the preceding tone in the first syllable in the NCL condition
(Table 2.1%). The contour of T3 (Figure 2.34) in the second syllable was significantly
lower when following T4 than following T1 and T2. It should be noted that, according
to the phonological rule, when T3 is followed by another T3, the first T3 is realized
with a rising contour, similar to the lexical rising tone (T2) with high offset. So the con-
tour of T3 did not show significant difference when following T3 vs. following T1 and
T2 (Table 2.1¢). T4 in the second syllable was affected by the preceding tone (Table
2.1d), showing significant difference in at least one parameter in all tone pairs with
contrastive offsets (T'1 vs. T3 and T4; T2 vs. T3 and T4). Overall, the statistical analysis
of the carryover coarticulatory effect for native Mandarin speakers is in line with that in
Xu (1997).

In the HCL condition, similar assimilatory carryover effect was found for all
tones in the second syllable, as suggested by the similar significant effect of tonal con-
text in the two conditions (Figure 2.35, Table 2.1).
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Table 2.2. Mean duration (in ms) of second vowel in [ tmama/ sequence with four tones produced by
native Mandarin speakers in the NCL and the HCL. conditions.

Cognitive load Tone

T1 T2 T3 T4
NCL 251 272 273 162
HCL 233 267 264 152

In both NCL and HCL conditions, T4 in the second syllable was the shortest tone,
significantly shorter than the other three tones (all p values < 0.01). T1 showed an inter-
mediate duration, while T2 and T3 were the longest tones, significantly longer than T1
and T4 (all p values < 0.01). In the HCL condition, all tones exhibited a reduced dura-
tion. T1, T3 and T4 were significantly shorter than that in the NCL condition (all p
values < 0.05). This result was different from that in Xu (1997), which found T3 the
shortest one in the second syllable, and T1, T2 and T4 comparable in duration. Such
divergence may be attributed to different recording procedures. In Xu (1997), the non-
words were produced in carrier sentence, and the duration might be influenced by the
context. In the current study, the non-words were recorded in isolation. So in the
second syllable, the duration of four tones showed a pattern which was similar to that
in monosyllabic production.

2.3.1.2 Beginning Dutch learners of Mandarin

Figure 2.4 presents the carryover effect of the preceding tones on the contours of the
following tone in /mama/ sequences without cognitive load produced by beginning
Dutch learners of Mandarin. For all tones, the general pattern was also assimilatory, but
the magnitude was smaller compared to native speakers. For T1 and T4, the influence
of the tonal context was shown on both nasal part and the vowel part. For T2 and T3,
however, the assimilatory pattern was not apparent on the vowel part.
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Carryover effects for BL
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Figure 2.4. Carryover effects for beginning Dutch learners of Mandarin in the NCL control condition.
In each panel, the tone in the second syllable is held constant (I7-14) and the tone in the initial
syllable varies.
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a) BL NCL Tx_Target tone b) BL HCL Tx_Target tone
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Figure 2.5. FO contours (over the vowel part) of the four target tones when preceded by different tones
produced by beginning learners of Mandarin. Normalized f0 contonrs averaged across participants.

In the NCL condition (Figure 2.54), the fO contour of target T'1 was lower following T4
than the other three tones. Table 2.3 shows that overall f0 mean and quadratic term of
T1 in the second syllable were significantly different following T1 and T4. As shown in
the previous section, for Mandarin native speakers, the contours of target T1 on the
second syllable clustered into two groups according to offsets of the initial tones. For
beginning learners, this tendency was not clear. In the case of target T2 (Table 2.35), the
assimilatory effect on fO height was not apparent. The influence of the preceding tone
was mainly found in the timing of the turning point and sharpness of the contour.
When following tones with low offsets (T3 and T4), target T2 was less concave and
showed eatlier turning point. Statistical significances in slope and sharpness were found
when following T2 vs. T3 and T2 vs. T4. For target T3 in the NCL condition (Table
2.30), the assimilatory pattern was not obvious. The contour of T4 (Table 2.34) was in-
fluenced along the same direction by the offset of the first tone, showing significant
difference in slope or steepness in three tone pairs with contrastive offsets (I vs. T3,
T1 vs. T4 and T2 vs. T3).

The assimilatory influence from the preceding tone was slightly stronger for T1
in the HCL condition, with additional significant difference after T1 and T3. In case of
T2, the influence from the initial tone was mainly on the slope and steepness of the
contour, which was similar to that in the NCL condition. For T3, significant difference
was found in slope following T2 vs. T4. In terms of T4, significant difference was only
found for quadratic terms, showing a slightly weaker assimilatory pattern compared to
the NCL condition.
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Table 2.4. Mean duration (in ms) of second vowel in [/ tmama/ sequence with four tones produced by
beginning learners in the NCL and the HCL. conditions.

Cognitive load Tone

T1 T2 T3 T4
NCL 305 368 386 177
HCL 293 348 370 172

For beginning learners, T4 was the shortest tone in both NCL and HCL conditions,
significantly shorter than the other three tones (all p values < 0.01). T1 showed an
intermediate duration, while T2 and T3 were significantly longer than the other two
tones (all p values < 0.01). This result was similar to that of native speakers. In the HCL
condition, all tones became shorter. T2 and T3 were significantly shorter in the HCL
condition compared to the NCL condition.

2.3.1.3 Advanced learners of Mandarin

Figure 2.6 presents the carryover effect of the preceding tones on the contours of the
following tone in /mama/ sequences produced by advanced Dutch leatners of Manda-
rin without cognitive load. A similar assimilatory carryover effect was found, but the
magnitude was smaller compared to native speakers.
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Figure 2.6. Carryover effects for advanced Dutcly learners of Mandarin in the NCL control condition.
In each panel, the tone in the second syllable is held constant (I7-14) and the tone in the initial
syllable varies.
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Figure 2.7. FO contours (over the vowel part) of the four target tones when preceded by different tones
produced by advanced learners of Mandarin. Normalized f0 contonrs averaged across participants.

In the NCL condition (Figure 2.74), T1 showed divergent fO contours following tones
with contrastive offsets, presenting an assimilatory pattern. The T1 contours following
all tone pairs with contrastive offsets showed statistical significance in at least one
parameter (Table 2.54), which was in line with the pattern of native speakers. T2 in the
NCL condition also demonstrated assimilatory (Table 2.54) carryover effect exerted by
the offsets of the preceding tones, showing significant differences when following all
tone pairs with contrastive offsets. A clear assimilatory tendency was also found for T3
(Figure 2.74), however, the significant differences was only found for slope following
T1 vs. T3 and T2 vs. T4 (Table 2.5¢). The significant difference exerted by T1 vs. T3 in
the first syllable was not expected. According to the tone sandhi rule, the offset of
initial T3 was high when followed by another T3, and therefore T1 and T3 in the initial
syllable (both with high offsets) should exert similar carryover effect on the following
T3. In terms of T4, its contours was raised or lowered by the high or low offsets of the
initial tones, showing significant difference when following all tone pairs with
contrastive offsets except for T2 vs. T4 (Table 2.54).

In the HCL condition, the assimilatory effect was maintained for target T1.
For T2 in the HCL condition, the assimilatory effect became weaker. The assimilatory
carryover effect was generally maintained in the HCL condition for T3 and T4.
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CHAPTER TWO: EFFECT OF COGNITIVE LOAD ON TONAL COARTICULATION 33

Table 2.6. Mean duration (in ms) of second vowel in [ tmama/ sequence with four tones produced by
adpanced learners in the NCL and the HCL conditions.

iy Tone
Cognitive load T ) T T4
NCL 278 308 267 176
HCL 257 288 252 168

Different from native speakers, in both NCL and HCL conditions, T2 was the longest
one, significantly longer than the other three tones (all p values < 0.01); T1 was the
second longest tone, significantly longer than T3 and T4 (all p values < 0.01). T4 was
the shortest one. In the HCL condition, all tones except T4 showed significantly
shorter duration (all p values < 0.05).

2.3.1.4 Summary of carryover effect

For native Mandarin speakers, a strong and robust assimilatory carryover effect was
found. The increase of cognitive load (Mattys & Wiget, 2011) is expected to introduce a
reduction of processing resources for articulatory planning. However, the carryover
effect was not obviously influenced by the high cognitive load, which indicated a lack in
speech planning for this effect. This result was in line with previous findings (Franich,
2015; Whalen, 1990).

For beginning learners, the assimilatory carryover effect was found for T1, T2
and T4 in the NCL condition. The influence of cognitive load was weak with a slight
increase in assimilatory effect for T1, T2 and T3, indicating the instability of this effect.
Although these learners may be able to produce a lexical tone that fall into one of the
four categories, correctly identified by native speakers, their assimilatory carryover
effect was weaker than native speakers.

The advanced learners showed stronger carryover effect than beginners,
exhibiting similar pattern with native Mandarin speakers. For T1, T2 and T4, strong
assimilatory effect was found in the NCL condition. The assimilatory effect was weaker
for T3. The carryover effect was generally maintained in the HCL condition.

2.3.2  Anticipatory effect
2.3.2.1 Native Mandarin speakers

Figure 2.8 presents variations in f0 contour of the first tones when followed by
different tones in /mama/ sequences produced without cognitive load by native Man-
darin speakers. Compared to the strong assimilatory effect exerted by the first ones on
the second tones, the contours of the first tones showed less variability when followed
by different tones. Moreover, the anticipatory was dissimilatory: tonal contours were
higher when they were followed by tones with high onsets (T1 and T4) than followed
by tones with low onsets (T2 and T3). The effect can be observed clearly for T1, T2
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and T4 in the first syllable. For T1, the whole contour was raised by following tones
with low onsets. For T2 and T4, this raising effect was strongest on the maximum f0
value in the tonal contours. The strongest effect was exerted by T3 in the following
syllable, the maximum fO of a tone preceding T3 was always higher than preceding
other three tones. T2 in the following syllable also showed a similar raising effect for
initial T1, T2 and T4. This general pattern was comparable to the findings of Xu’s study
(Xu, 1997), except that the whole contour of initial T1 in our study was cleatly raised by
tones with low onsets.

Anticipatory effects for NM

TiTx T2Tx
5]
1 b 2= .
e 2T
- A / oYK 7
“ - W
o] ! * 7 ‘ Pis
N ! N, -,
~ o -
A " .
I&?-E e 2nd Syllable
S -7
o TaTx T4Tx -2
I~ -
2, T3
e T4

)

/i
~

[I) 2‘0 40 BIU lI) Eb 40 5‘0
NORMALZED TIME

Figure 2.8. Aunticipatory effects for native Mandarin speakers in the NCL control condition. In each
panel, the tone in the first syllable is held constant (T1-T4) and the tone in the second syllable varies.

To examine the effect of cognitive load on anticipatory coarticulation, we plotted in
Figure 2.9 the fO contours over the vowel portion of the first syllable, as a function of
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different following tones under the NCL condition (panel @) and the HCL condition
(panel b).

a) NM NCL Target tone_Tx b) NM HCL Target tone_Tx
T T2 T3 T4 T T2 T3 T4

7 .
'_ ’ K , 2nd Syllable
/ K ! —T1
X 0 N 4 . -T2
: ~ . - -~ T3

N | T4

’ \\ ’ \\‘_;

FO (Z-SCORE)
-
"

5 101520 5 101520 5 10 15620 5 10 15 20 5 101520 & 101520 & 10 156 20 5 10 15 20
NORMALIZED TIME NCRMALIZED TIME

Figure 2.9. FO contours (over the vowel part) of the four target tones when followed by different tones
produced by native Mandarin speakers. Normalized f0 contours averaged across participants.

Figure 2.94 shows that in the NCL condition, the whole contour of T1 was raised by
the low onsets of the following tones with significant differences when followed by all
tone pairs with contrastive onsets except T2 vs. T4 (Table 2.74). For T2, the whole
contour was raised by the low onsets of the following tone. Significant difference was
found in at least one parameter when T2 was followed by all tone pairs with contrastive
onsets except T1 vs. T2 (Table 2.75). According to the phonological rule, when T3 is
followed by another T3, the first T3 is realized with a rising contour, similar to the
lexical rising tone (T2). So the contour of T3 before another T3 shows different
contour compared to T3 followed by the other tones. Other than this, the contours of
T3 did not vary significantly when followed by tone pairs with contrastive onsets (when
followed by T1 vs. T2 and followed by T2 vs. T4). This result was in line with the
finding of Xu (1997), which also presented that the contour of T3 showed no statistical
difference whether the following tone had a high offset of a low offset. The potential
reason could be that the anticipatory raising effect mainly exerted on the maximum
value of the initial tone. There was no high target in T3 therefore its contour was not
sensitive to the anticipatory effect. In the case of T4, its contour was higher when
followed by tones with low onsets than followed by tones with high onsets. The initial
portion was raised the most, which also suggested that the anticipatory raising effect
mainly affected the maximum f0 value. The comparison was significant when T4 was
followed by T1 vs. T2 and T'1 vs. T3 (Table 2.74).
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In the HCL condition (Figure 2.90), the dissimilatory anticipatory effect decreased for
T1, with a significant difference only before T1 vs. T3. For T2 and T3, the dissimilatory
anticipatory effect was maintained compared to the NCL condition. The anticipatory
effect decreased for T4, with no significant difference found before tone pairs with
contrastive onsets.

Table 2.8. Mean duration (in ms) of first vowel in [mama/ sequence with four tones produced by
native Mandarin speakers in the NCL and the HCL. conditions.

.. Tone
Cognitive load T T e T4
NCL 176 188 184 176
HCL 174 187 188 171

In the NCL condition T2 was significantly longer than T1 and T4 (all p values < 0.05).
In the HCL condition, the duration of T2 and T3 was significantly longer than T1 and
T4 (all p values < 0.01). Compared to the NCL condition, the duration of the four
tones in the HCL condition did not change significantly.

2.3.2.2 Beginning Dutch learners of Mandarin
As plotted in Figure 2.10, the tonal contours in the first syllable in the NCL condition

also varied when followed by different tones for beginning Dutch learners of Mandarin.
For most tones, the general pattern of the anticipatory effect was also dissimilatory.
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Anticipatory effects for BL
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Figure 2.10. Aunticipatory effects for beginning learners of Mandarin in the NCL control condition.
In each panel, the tone in the first syllable is held constant (I'1-T4) and the tone in the second syllable

varies.
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a) BL NCL Target tone_Tx b) BL HCL Target tone_Tx
T1 T2 T3 T4 T T2 T3 T4

pp———.

2nd Sylable
—T1
- T
.- T3
T4

FO (Z-SCORE)
“

5 1015 20 & 101520 5 10 1520 5 10 15 20 5 101520 5 101520 5 101520 5 10 15 20
NORMALIZED TIME NORMALIZED TIME

Figure 2.11. FO contours (over the vowel part) of the four target tones when followed by different tones
produced by beginning learners of Mandarin. Normalized f0 contonrs averaged across participants.

The contours of T1 were raised by the following tones with low onsets in the NCL
condition (Figure 2.114, Table 2.94), showing significant difference before T1 vs. T2
and T2 vs. T4. T2 showed the strongest anticipatory effect among the four tones with
significant differences when followed by all tone pairs with contrastive onsets. T3 in the
NCL condition exhibited significantly different fO contours when followed by T1 vs.
T3 and T3 vs. T4 due to the phonological sandhi rule (see 2.3.1.1). The initial portion
of T4 was raised by tones with low onsets, showing a dissimilatory pattern. The T4
contours also differed significantly followed by all tone pairs with contrastive onsets.

In the HCL condition, a similar pattern was found for T1, T2 and T3. The
anticipatory effect became weaker in the HCL condition for T4, with only significant
difference found in the overall f0 height when followed by T1 vs. T2.
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Table 2.10. Mean duration (in ms) of first vowel in [ tmama/ sequence with four tones produced by
beginning learners of Mandarin in the NCL and HCL. conditions.

iy Tone
Cognitive load T ) T T
NCL 272 274 294 215
HCL 256 265 274 209

In both conditions, T3 was the longest tone, significantly longer than the other three
tones (all p values < 0.01). T1 and T2 had similar intermediate duration, while T4 was
the shortest one, significantly shorter than the other three tones (all p values < 0.01). In
the HCL condition, the duration of T1, T3 and T4 was significantly shorter than the
NCL condition.

2.3.2.3 Advanced learners of Mandarin

The varied tonal contours in the first syllable due to different following tones produced
without cognitive load by advanced learners of Mandarin in the NCL condition is
plotted in Figure 2.12. The contours of the target tones were high when followed by
tones with low onsets, showing a dissimilatory anticipatory pattern comparable to that
of native Mandarin speakers.
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Anticipatory effects for AL
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Figure 2.12. Aunticipatory effects for advanced Dutch learners of Mandarin in the NCL control
condition. In each panel, the tone in the first syllable is held constant (I7-14) and the tone in the
second syllable varies.
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a) AL NCL Target tone_Tx b) AL HCL Targettone_Tx
™ T2 T3 T4 T T2 T3 T4
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Figure 2.13. FO contours (over the vowel part) of the four target tones when followed by different tones
produced by advanced learners of Mandarin. Normalized f0 contonrs averaged across participants.

For advanced learners, the anticipatory effect for T1 in the NCL condition was strong
(Figure 2.134, Table 2.114). When followed by tones with low onsets, the overall fO of
initial T1 was significantly higher than when it followed by tones with high onsets.
Strong anticipatory effect was also found on initial T2. Contours of target T2 clustered
into two groups according to the onsets of the second tone. T3 exhibited significantly
different fO contours when followed by T3 vs. T1 and T4 due to the phonological
sandhi rule, which was similar to the performance of native Mandarin speakers. When
followed by tones with contrastive onsets, the contours of T3 showed more variation
than native Mandarin speakers, but the differences were not significant. The dissimil-
atory effect on initial T4 was also strong. The initial portion in the contours of the
target tone was significantly raised by the low onsets of the following tones.

In the HCL condition, the strong effect on T1 and T2 maintained. Similar
pattern was also found for T3 in the HCL condition. The effect also remained robust
for T4, except for the insignificance when followed by T1 vs. T2.
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Table 2.12. Mean duration (in ms) of first vowel in [/ mama/ sequence with four tones produced by
adpanced learners of Mandarin in the NCL. and the HCL. conditions.

iy Tone
Cognitive load T ) T T4
NCL 215 218 207 190
HCL 195 198 192 179

In both cognitive-load conditions, T2 was the longest tone, significantly longer than T3
and T4 (all p values < 0.01). T3 was realized with an intermediate duration, while T4
was the shortest. In the HCL condition, the duration of all four tones became signific-
antly shorter (all p values < 0.01).

2.3.2.4 Summary of anticipatory effect

Compared to the carryover effect, the dissimilatory anticipatory effect was found in T1,
T2 and T4 with smaller magnitude for native Mandarin speakers. This effect decreased
under the influence of cognitive load. Compated to native speakers, the magnitude of
dissimilatory effect was smaller for beginning learners, which decreased in the HCL
condition (especially for T4). The advanced learners exhibited a dissimilatory effect
similar to native Mandarin speakers in the NCL condition which remained robust in the
HCL condition.

2.4 Discussion

In this study, we reexamined the directionality, the nature and the magnitude of tonal
coarticulation for native Mandarin speakers using disyllabic non-words following the
design in Xu (1997), and more important, we tapped into the underlying mechanism
and source of the tonal coarticulatory effects by introducing the effect of cognitive load.
Since L2 acquisition has been remained less investigated, we further tested the begin-
ning and advanced Dutch learners of Mandarin to reveal the developmental trajectory
and mechanisms of tonal coarticulation that undetlies the ultimate attainment of tonal
acquisition in by non-tonal second language learners.

2.4.1 Tonal coarticulation for native Mandarin speakers

Our results showed that, for native speakers, tonal coarticulation was bidirectional, with
both carryover and anticipatory effects. The carryover effect exerted by the offset of
the initial tones exhibited an assimilatory nature, which replicated the findings in Xu
(1997). In the current study we examined the variability in target tones exerted by all
pairs of initial tones with contrastive offsets. The assimilatory effect was found for all
four tones when preceded by all pairs of tones with contrastive offsets. Although, the
carryover effect decreased over time, the influence can still be seen at least two third
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into the vowel. The anticipatory effect exerted by the following tones on the tones in
the initial position showed a dissimilatory nature and had a smaller magnitude
compared to the carryover effect. These findings were also in line with Xu (1997). For
T1, T2 and T4, the dissimilatory effect was found when followed by most pairs of
tones with contrastive onsets. It should be noted that, different form Xu’s (1997)
finding, the raising effect of the following low onsets were not constrained to the
maximum f0. The whole contour of T1 and T2 were raised by following tones with low
onsets (T2 and T3) in the current experiment. There was a lack of anticipatory effect
for initial T3, except for the phonological change when it was followed by another T'3.

We further investigated the effect of cognitive load on the tonal coarticulatory
effects for native speakers of Mandarin. The carryover effect was robust and was not
affected by high cognitive load. This is in line with previous findings that carryover
effect does not involve advance planning (Whalen, 1990), thereby supporting the view
that it is mainly caused by physiological constraints (Xu, 2011). The anticipatory effect
decreased with high cognitive load, which was in contrast to the findings of Franich
(2015). Significant dissimilatory anticipatory effect was found for all tones except T3 in
the NCL condition, while in the HCL condition, this effect on T1 and T4 became
weaker. This result lends support to the view that anticipatory coarticulation is planned,
and diminishes under the influence of concurrent mnemonic processing. This finding
can be potentially accounted for by the model proposed by Tilsen (2009, 2013), which
argued that an inhibitory speech planning mechanism was used for contemporaneously
planned articulatory targets to maintain and maximize the contrasts of different
phonemes. In the NCL condition of the present study, the inhibitory mechanism
functioned well and led to a clear dissimilatory anticipatory effect, maximizing the
contrast of the adjacent tones. In the HCL condition, however, such inhibitory
mechanism was constrained and resulted in a decreased dissimilatory anticipatory effect.

The overlap of different articulatory gestures, which happens in vowel and
consonant coarticulation, is less feasible in tonal coarticulation. However, the involve-
ment of cognitive planning in anticipatory tonal coarticulation found in the current
study is compatible with the planned anticipatory effect found in vowel and consonant
coarticulation (Katsika, Whalen, Tiede, & King, 2015; Whalen, 1990) and may reflect a
characteristic of coarticulation in general.

2.4.2 Tonal coarticulation for Dutch learners of Mandarin

For both groups of learners, tonal coarticulation was also bi-directional. For beginning
learners, assimilatory carryover effect was found for T1, T2 and T4 in the second
syllable in the NCL condition. The magnitude of this effect was smaller compared to
that of native Mandarin speakers. The influence of cognitive load was weak. The carry-
over cffect for advanced learners was also assimilatory in nature and substantial for T1,
T2 and T4, with magnitude similar to that of native speakers. Comparing the patterns
of carryover effect of the beginning vs. advanced learners of Mandarin, we observed a
clear developmental path. These interesting and new findings suggest that although the
carryover effect does not include advance planning and is mainly bases on physiological
constraints in articulation, its acquisition is still a gradual learning process. Fine-tuned
motor skills are required for native-like production of tonal sequences.
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Different from the carryover effect, the anticipatory coarticulation was strong
for Dutch learners of Mandarin. For beginning learners, the dissimilatory anticipatory
effect was found on T1, T2 and T4 in the first syllable. This effect was robust for T1
and T2 with high cognitive load. Our advanced learners also showed anticipatory effect
in the NCL condition like that of native Mandarin speakers. For T1, T2 and T4, the
dissimilatory effect was found when followed by all pairs of tones with contrastive on-
sets. This strong effect could be seen for the whole contour for T1 and T2, and for the
maximum f0 value for T4. It did not show obvious decrease for all tones under the
influence of high cognitive load for advanced learners, showing a more robust pattern
than native Mandarin speakers. That is, as suggested by Tilsen’s model, the inhibitory
mechanism was acquired by beginning and advanced learners as an effective way to
maintain the contrast and ensure the perceptibility of different tonal categories in
sequence.

Brengelmann, Cangemi and Grice (2015) reported results which revealed greater
variability in .2 production in the final portion of the initial tone in disyllabic sequences
than native speakers. More specifically, German learners of Mandarin were more likely
to produce anticipatory coarticulation. However, only the final part of the initial tone
was examined in that study and therefore it is not clear whether there is an anticipatory
effect on the whole contour or maximum f0 value of the initial tone for German
learners of Mandarin. More studies examining learners with different L1s are needed to
shed light on the general pattern and language-specific characteristics among learners of
non-tonal languages.

2.4.3 Conclusion

The results of the current study show that for native Mandarin speakers, the carryover
effect in tonal coarticulation was assimilatory in nature and did not involve speech
planning. The anticipatory coarticulation, on the other hand, was dissimilatory in nature
and was planned. The carryover effect could be acquired gradually by 1.2 learners, sug-
gested by a developmental path found in beginning and advanced Dutch learners of
Mandarin. The anticipatory effect was strong for both beginning and advanced learners.
The advanced learners showed a more robust anticipatory effect compared to native
Mandarin speakers, since for them, this effect was not reduced in high cognitive load
condition. The anticipatory effect was adopted by L2 learners as an effective way in
maintaining and maximizing contrast of tonal categories.
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Developmental trajectories

of attention distribution and
segment-tone integration

in Dutch learners of Mandarin

31 Introduction*

It is well-known by now that the function of vocal pitch (acoustically cued mainly by
fundamental frequency or f0) varies across languages. For non-tone language speakers,
pitch information is mainly used at the post-lexical level to signal sentential information
such as pragmatic nuances and sentence modes, as well as to mark the grouping of
words into larger units such as syntactic constituents and higher-level discourse units
(see e.g., Cole, 2015; Cutler, Dahan, & Van Donselaar, 1997; Shattuck-Hufnagel &
Turk, 1996 for detailed review). Tone language speakers, on the other hand, primarily
employ pitch information to convey lexical meaning, while at the same time, in a much
more complex and sometimes subtle way, to signal various post-lexical information
comparable to that in non-tone languages (e.g., Cole, 2015; Chen, 2000; Chen, 2012;
Chen & Gussenhoven, 2008; Gussenhoven, 2004; Xu, 2001; Yip, 2002).

Speakers of tone and non-tone languages have been reported to tune their
auditory systems to the same acoustic stimuli differentially due to the different prosodic
systems of their native languages. Behavioral studies have suggested that there are
differences in the way tone and non-tone language speakers identify non-speech pitch
contours (Bent, Bradlow, & Wright, 20006), and how they process both level and con-
tour tones (Gandour, 1983). There are also neurophysiological studies showing
differences in the hemispheric specialization of pitch processing in the brain: tonal con-
trasts are processed mainly in the left hemisphere by tone language speakers, but in the
right hemisphere or bilaterally by non-tone language speakers (Gandour, Wong, Hsieh,
Weinzapfel, Van Lancker, & Hutchins, 2000; Krishnan, Xu, Gandour, & Cariani, 2005;
Wang, Sereno, Jongman, & Hirsch, 2003; Xu, Gandour, Talavage, Wong, Dzemidzic,
Tong, & Lowe, 2006; Zatorre & Gandour, 2008). Braun and Johnson (2011) showed
that Mandarin and Dutch listeners differentially attend to the same pitch movements
with different locations on a segmental string. Mandarin speakers were attentive to the

4This chapter appeared as Zou, T., Chen, Y., & Caspers, J. (2016). The developmental traject-
ories of attention distribution and segment-tone integration in Dutch learners of Mandarin
tones. Bilingnalism: Language and Cognition, 1-13. DOI 10.1017/81366728916000791
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rising and falling pitch contours on both the initial and the final syllables in a disyllabic
non-word. These contours signal two different lexical tones in Mandarin (i.e., the lexical
Rising and Falling tone). Dutch speakers, in contrast, were much more sensitive to
pitch movements in the final position than to pitch movements in the initial position,
probably because a final pitch movement can reveal post-lexical meaning, such as final-
ity vs. non-finality (e.g. Van Heuven & Kirsner, 2004; Van Heuven, 2017).

The issue that we address here is whether native speakers of a non-tone
language such as Dutch can learn to effectively process the non-native Mandarin lexical
tonal contrasts at the phonological level. A related issue is whether, during the course
of their acquiring a tonal system, Dutch learners of Mandarin can learn to redistribute
their attention to segmental and tonal information like native speakers and whether
they adapt their processing of pitch movements in a lexically contrastive way similar to
that of native tonal speakers. For both issues, it would be relevant to understand the
developmental path by investigating learners with different levels of proficiency in
Mandarin. The goal of this study was therefore to address these issues by examining
how beginners and advanced Dutch learners of Mandarin process tonal information in
an ABX task, compared to both native Dutch speakers (without any experience of
learning a tone language) and native Mandarin speakers.

3.1.1 Phonetic and phonological processing of non-native contrasts

When learning a foreign language, adults are often confronted with difficulties in both
low-level auditory processing and phonological processing of non-native segmental and
suprasegmental contrasts (Dupoux, Sebastian-Gallés, Navarrete, & Peperkamp, 2008;
Takagi & Mann, 1995). Different theoretical models have been proposed to account for
such difficulties. The Speech Learning Model (SLM) holds that second language (L2)
learners perceive non-native sounds by referring to the phonetic categories of their L1
sound system (Flege, 1995). The mechanisms and processes involved in L1 acquisition,
such as category formation, remain intact throughout one’s life and can be used in 1.2
learning, although this ability tends to decrease as learners’ age of learning increases.
PAM-L2 (Best & Tyler, 2007), based on the Perceptual Assimilation Model (PAM)
(Best, 1994), assumes that a listener’s perceptual system will automatically assimilate
non-native speech sounds to the closest categories in their native language, and the
discrimination of non-native contrasts can be predicted from the way in which they are
assimilated into the native system, ranging from excellent discrimination if each sound
of a non-native contrast can be assimilated to a different category in the native language,
to relatively poor discrimination when both sounds are mapped onto a single native
category (Best, 1994; Best & Tyler, 2007).

Both SLM and PAM-L2 suggest that a novel L2 speech contrast can potent-
ially be learned by L2 learners. The L2 phonological acquisition model proposed by
Brown (2000), on the other hand, holds that the phonological structure of the first
language will hinder the proper acquisition of L2 features throughout adulthood, due to
the direct mapping of these features onto the existing L1 categories. This consequently
prevents learners from fine-tuning their perception of L2 contrasts even with pro-
longed exposure to the L2.

There have been an increasing number of studies examining vowel and con-
sonant perception, lending support to PAM and PAM-1.2 (Best, McRoberts, & Sithole,



CHAPTER THREE: ATTENTION DISTRIBUTION AND SEGMENT-TONE INTEGRATION 53

1988; Guion, Flege, Akahane-Yamada, & Pruitt, 2000; Hayes-Harb & Masuda, 2008;
Heeren & Schouten, 2008, 2010). Less effort, however, has been devoted to supra-
segmental perception. Compared to segments, suprasegmental cues are more global and
are always superimposed on a succession of segments. Furthermore, their functions
vary across languages ranging from signaling lexical to post-lexical information. Recent-
ly, PAM-S has expanded the original PAM to include non-native suprasegmental pet-
ception. So and Best (2010, 2011, 2014) conducted a series of cross-linguistic studies
which demonstrated that Australian English and French speakers could categorize
Mandarin tones according to the given intonation categories (“statement”, “question”,
“flat-pitch” and “exclamation”), although their discrimination of the lexical tones could
not be fully accounted for by their assimilation patterns. Note that two earlier studies
(Hallé, Chang, & Best, 2004, for French listeners and Wang, Spence, Jongman, &
Sereno, 1999, for English listeners) have also shown that non-tone listeners could dis-
criminate Mandarin tones adequately, lending additional support to the model. PAM-S
is further supported by a study on another suprasegmental contrast, i.e., lexical stress
(Dupoux, Pallier, Sebastian-Gallés, & Mehler, 1997), which showed that French parti-
cipants can distinguish novel lexical stress contrasts in Spanish even though French is
not a stress language.

The above-mentioned studies concerning suprasegmental perception only
tested low-level auditory processing, using cognitively less demanding phonetic discrim-
ination and identification tasks. As for phonological processing of non-native supra-
segmental contrasts, Dupoux et al. (2008) tested the short-term storage and retrieval of
lexical stress by French learners of Spanish, using a cognitively demanding sequence
recall task. They found a persistent “stress deafness” at the phonological level, which is
not predicted by the PAM-L2 model. This difficulty, however, can be better accounted
for by Brown’s model (2000), which states that non-native contrasts are perceived in
terms of the features established in the learners’ L1, and therefore the phonological
processing of Spanish stress is predicted to be impossible for French listeners due to
the absence of lexical stress in French.

Thus far, no study has tapped into the level of phonological processing of
lexical tones by L2 non-tone learners. To fill in this gap, the present study set out to
investigate the discrimination of tonal contrasts by Dutch learners of Mandarin at an
abstract phonological level.

3.1.2  Attention redistribution and integration of perceptual dimensions in the
acquisition of new categories

While eatlier models of L2 category acquisition have focused much on whether new 1.2
categories can be acquired, much less has been investigated on how they are acquired.
Francis and Nusbaum (2002) have provided the insight that the establishment of new
L2 phonetic categories requires the redistribution of attention to different perceptual
dimensions. In their study, English listeners were trained to perceive the three-member
consonant contrasts in Korean (known as fortis, lenis, and aspirated; see Cho, Jun, &
Ladefoged (2002) for more details). These contrasts employ acoustic cues (such as
fundamental frequency and formant structures) in a different way from the English
consonant contrasts. Their results showed that English native listeners learned to re-
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distribute their attention to the acoustic cues after training and were then able to
approximate the behavior of native Korean listeners in the post-test.

Their findings are consistent with the predictions of the generalized context
model (GCM, Nosofsky, 1986) and Goldstone’s model (1993, 1994) on categorical
learning. These models emphasize a multidimensional structure of the categorization
space, and suggest that perceptual learning of new categories involves developing per-
ceptual acuity to new acoustic dimensions. In light of these studies, our goal is to
examine the role of attention redistribution between the segmental and the supra-
segmental dimension during the acquisition of lexical tones by non-tone speakers.

Prior studies also suggest that the processing of segmental and tonal di-
mensions by native Mandarin speakers is more interdependent than those of speakers
of non-tone languages such as English and Dutch (Lin & Francis, 2014; Repp & Lin,
1990; Tong, Francis, & Gandour, 2008). Mandarin speakers attend to both segment and
tone and these two dimensions are integrated and processed simultaneously. The two
dimensions may intrude into each other, making it difficult for native listeners to attend
to one dimension only while ignoring the other (Garner, 1976, 2014; Goldstone, 1994).
In intonation languages like English, however, listeners seem to pay more attention to
the segmental dimension and the two dimensions are much less integrated and, con-
sequently, listeners are able to tune their attention to only one dimension and to sup-
press interference from the other. Of interest here is whether and how native speakers
of an intonational language such as Dutch manage to retune their attention to both the
segmental and tonal information in processing Mandarin in the process of acquiring
Mandarin.

Note that a more recent model of first and second language speech, the auto-
matic selective petception (ASP) model, also emphasizes the role of attention and it
further differentiates the phonological mode and phonetic mode of perception (Strange,
2011). The phonological mode is employed by native listeners, in which automatic
selective perception routines are used in order to detect phonologically contrastive
information for identifying word forms. The phonetic mode, on the other hand, was
employed to detect fine-grained allophonic details, which requires more cognitive effort
in processing.

The literature reviewed above leads to the hypothesis that at the beginning
stage of learning Mandarin tones by a non-tone language speaker, the phonetic mode of
perception is used when learners process tonal contrasts and they have to make more
effort to attend to the tonal dimension for reliable word-form recognition. During this
stage, tonal and segmental information are much less integrated in processing. For
more advanced learners, they ate expected to develop a much more automatic percept-
ual routine for tonal and segmental processing in word recognition, which is facilitated
by their redistributed attention to the tonal and the segmental dimensions. The de-
velopment of such a new selective perception routine leads to more automatic inte-
gration and simultaneous processing of the segmental and tonal information. Another
goal of the present study is therefore to test these predictions by examining the
developmental characteristics of learners of Mandarin in terms of their redistribution of
attention to lexical tones and segments as well as the integration of these two kinds of
information during their phonological processing of lexical tones.
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3.1.3  The present study
The research questions that this study examines are summatized as the following:

(1) Can Dutch learners of Mandarin successfully discriminate Mandarin lexical tones
within a phonological mode of processing?

(2) Are they able to redistribute their attention to segments and tones and to develop a
more integral processing of these two dimensions?

(3) What is the developmental trajectory of the Dutch learners’ phonological process-
ing of non-native contrasts and their segment-tone integration during the period of
their acquisition of Mandarin?

In order to address these questions, both beginning and advanced Dutch learners of
Mandarin were examined in their processing of segments and lexical tones. Native
Mandarin and Dutch listeners were recruited as the control groups.

Among the four Mandarin tones, a non-final tonal contrast (a rising tone
followed by a neutral tone versus a falling tone followed by a neutral tone) was selected
as the stimulus. Braun and Johnson (2011) tested native Mandarin and Dutch listeners
in a speeded ABX task, in which the target non-word could be classified according to
either segmental or tonal information. They demonstrated that Mandarin listeners were
attentive to such a non-final pitch rise and pitch fall, while Dutch listeners were much
less attentive to them. Therefore, this pair of tonal sequences provides us with a good
test case to explore the development of tone perception by Dutch learners of Mandarin.

A cognitively demanding ABX task was employed, which is commonly re-
cognized as a good method that can be used to tap into the phonological mode of pro-
cessing (Dupoux, Peperkamp, & Sebastian-Gallés, 2001). Participants were asked to
classify the target X according to standard A and B. A and B can be similar to X along
the dimensions of both segment and lexical tone, thereby creating four possible con-
ditions: only segments shared with X (forced-segment condition), only tone shared with
X (forced-tone condition), either segment or tone shared with X (segment-or-tone
condition), or both segment and tone shared with X (segment-and-tone condition) The
trials of the four condition were mixed in random order and blocked into four sessions
in the experiment.

To investigate the first question, what is crucial is the comparison of the
forced-segment and forced-tone conditions. Correct classification of the target in these
two conditions requires a proper representation and short-term retention of tonal or
segmental categories. According to PAM-L2, there are two possible assimilation
scenarios for the tonal pair used in our experiment. First, as both Mandarin lexical
tones may fall within the .1 Dutch intonational phonetic space, but neither fits any
single L1 phonological category (i.e., the Both-Uncategorized scenario in PAM-1.2), the
discrimination of this tonal contrast can be expected to be good for naive listeners, and
relatively easy to learn by L2 learners.

The alternative possibility within PAM-L2 is that the tonal contrast in our
study fits the Uncategorized-Categorized scenario. That is, the sequence of Tone 4
followed by a neutral tone may be mapped onto the “pointed hat” pitch accent (H*L),
followed by a low boundary tone (H*L L%). This is the most neutral form of pitch
accent in Dutch (Gussenhoven, 2005) and a contour used naturally for producing a
one-word phrase in statements (Gussenhoven, Rietveld, Kerkhoff, & Terken, 2003).
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The sequence of Tone 2 and a neutral tone, in contrast, is less likely to be mapped onto
Dutch intonation category. It is not a question because the pitch goes down on the final
syllable but not down to baseline, so no L%. It suggests paralinguistic uncertainty or
hesitation. It is also reminiscent of the Limburgian way of ending a statement. If this is
the case, the discrimination by native Dutch speakers is expected to be good, and we
would further predict a better classification performance of the target word X with
Tone 4 than the target word X with Tone 2 in the forced-tone condition by native
Dutch listeners and Dutch learners of Mandarin.

To investigate the redistribution of attention between the segmental and tonal
dimensions, we compared the segment-and-tone condition with the segment-or-tone
condition, which measures the amount of attention implicitly attached to each di-
mension. We expect that native Mandarin listeners will be attentive to both dimensions.
The classification by native Dutch listeners, however, is expected to be uniformly made
along the segmental dimension only.

To tap further into the issue of integrality between segmental and tonal
processing, we will examine the reaction time (RT) that listeners from each group need
to perform the ABX task, as an index of the ease in separating the two dimensions
when they make the judgments.

3.2 Methods

3.21  Participants

Fifteen Dutch control participants, 15 Mandarin control participants and 30 Dutch
learners of Mandarin participated in the experiment. The native Dutch control group
consisted of 4 males and 11 females (mean age = 20.6, SD = 1.3). The native Mandarin
control group had 7 males and 8 females (mean age = 25.8, SD = 1.3). All were
students at Leiden University from the Northern part of China and could speak
Standard Mandarin. None of the native Mandarin control listeners had lived in a Dutch
speaking environment for more than three years. All the Dutch learners of Mandarin
were students of the Chinese Studies program at Leiden University. The beginner
group consisted of 7 males and 8 females (mean age = 22.0, SD = 2.7). Their Mandarin
learning and speaking experience varied from 8 to 20 months, and they had never lived
in China. The other 15 participants (6 males and 9 females; mean age = 24.6, SD = 2.9)
were advanced Mandarin learners, who had Mandarin learning experience from 3 to 14
years and who had spent at least one year living in China.

3.22  Stimuli

Nine pairs of CVCV non-words were selected with Mandarin Tone 2 (a pitch rise) or
Tone 4 (a pitch fall) on the initial syllable, similar to the stimuli in Braun and Johnson
(2011). The final syllable was always produced with a neutral tone. Figure 3.1 illustrates
the pitch contours of these tonal combinations (i.e., Rising + Neutral tone in Fig. 3.1a
and Falling + Neutral tone in Fig. 3.1b). The vowel set consisted of [a], [i], [u] and [o].
In the consonant set, there were three voiceless pairs of stops (labial: [p]-[p"]; alveolar:
[t]-[t']; velar: [k]-[k"]), two voiceless fricatives (labial: [f], alveolar: [s]), and two nasals
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(bilabial: [m], alveolar: [n]). In each non-word pair, the vowels were constant, while the
consonants in each syllable only differed in place of articulation (e.g., &asu vs. zafu). The
full set of stimuli used in this study is provided in Appendix A3.

Multiple speakers were asked to produce the stimuli to increase phonetic
variability and memory load, and thereby to further ensure that participants had to
classify the target word based on a phonological level of representation.

The stimuli were recorded by three Beijing Mandarin speakers (two females
and one male). Each item was recorded 12 times with a Sennheiser MKH416T
microphone at the Leiden University Phonetics Lab (44.1 kHz, 16 bit). The speakers
were asked to read aloud the disyllabic non-words presented in pinyin (a system for
transliterating Mandarin Chinese in Roman letters) on a computer screen. The non-
words were presented one by one, and the pace of reading was controlled by the
experimenter. According to the pinyin system, the first syllable was presented with a
tone label; the second syllable was presented without a tone label, which indicated it
should be produced with a neutral tone, again following the pinyin marking system.

a 400 5000

Pitch (Hz)
Frequency (Hz)

Frequency (Hz)

0 0.6524
Time (s)

Figure 3.1. Examples of the tonal sequences produced by a male speaker. Fig. 1a shows the pitch
contour and the spectrogram of Tone 2 followed by a neutral tone. Fig. 1b shows the pitch contour and
the spectrogram of Tone 4 followed by a nentral tone.
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For the male speaker, the mean f0-excursion of Tone 4 (pitch fall) in the first syllable
was —126.6 Hz (SD = 25.2 Hz), larger than that of Tone 2 (M = 56.7 Hz, SD = 15.8
Hz). A similar pattern was also found for the two female speakers. The mean f0-
excursion of Tone 4 (first female speaker: M = —116.6 Hz, SD = 22.8 Hz; second
female speaker: M = —115.7 Hz, SD = 22.7 Hz) was larger than that of Tone 2 (first
female speaker: M = 46.0 Hz, SD = 17.9 Hz; second female speaker: M = 47.3 Hz, SD
= 15.2 Hz). The larger pitch excursions for the falls than for the rises in Mandarin
tones have also been found in previous studies (e.g., Xu, 1994; Bent et al., 2006). They
also correspond with the impressionistic tone transcriptions suggested by Chao (1930):
51 for Tone 4 against 35 for Tone 2. For all three speakers, the mean fO of the second
syllable neutral tone was lower when following Tone 4 (male speaker: M = 144.0 Hz,
SD = 53.7 Hz; first female speaker: M = 195.7 Hz, SD = 53.7 Hz; second female
speaker: M = 176.2 Hz, SD = 18.2 Hz) than following Tone 2 (male speaker: M =
186.2 Hz, SD = 40.5 Hz; first female speaker: M = 261.2 Hz, SD = 18.5 Hz; second
female speaker: M = 225.4 Hz, SD = 10.0 Hz). Such acoustic features of the neutral
tones have also been found in other studies (e.g., Chen & Xu, 2006).

Four types of ABX trials were included (see Table 3.1 for illustration). In the
segment-and-tone condition, target word X matched either A or B along both the
segmental and tonal dimensions. In the forced-segment and the forced-tone conditions,
participants were forced to classify the target word X along, respectively, the segmental
or tonal dimension. There is always a mismatch in the other dimension so that
consistency along both the segmental and tonal dimensions was not available as a cue
for classification. Therefore, correct classification of the target in these two conditions
required a proper representation and short-term retention of tonal or segmental
categories. In the segment-or-tone condition, target word X was matched along the
segmental or the tonal dimension, which allowed participants to choose freely along
either dimension. This condition thus measured the amount of attention implicitly
attached to each dimension.

Table 3.1. Sample stimuli for standard A, standard B and target X in four conditions.

Condition A E X
) gulta du2ka gudta
Forced-segment kadsu tadfu ka2su
] gulta gudta du2ka
Forced-tone kadsu ka2su tadfu
o gulta dudka guZta
Segment-and-tone leadsu ta2fu kadsu
Segment-or-tone gulta dutka dutka
g kadsu ta2fu tadfu

The main experiment consisted of 288 ABX trials with 72 trials for each condition.
Take the forced-segment condition as an example. Within this condition, classification
can only be made along the segmental dimension. There are four A-B combinations for
each non-word pair: e.g., kaZsu-ta2fn, katsu-tadfu, taZfu-ka2su, tadfu-kadsun. The target X



CHAPTER THREE: ATTENTION DISTRIBUTION AND SEGMENT-TONE INTEGRATION 59

always has the same segments as A or B, and this creates 8 items. The design of this
condition is 4X2X9: four A-B combinations X congruency of A or B X nine non-word
pairs. The items for the other three conditions were constructed in the same way.

The three stimuli in each trial were always produced by three different speak-
ers. The order of these three voices was counterbalanced between the trials so parti-
cipants could not predict the order of the voices in the coming trial. The 288 trials were
blocked into four sessions and presented in random order. Trials of all four conditions
were mixed in every session so the participants could not predict which dimension they
had to focus on in the coming trial. At the start of the experiment, five familiarization
trials (all segment-and-tone trials) were provided.

3.2.3 Procedure

Each participant was seated in front of a computer screen. The instructions were given
in English, so all participants could understand. This also helped to avoid influence of
their native languages. They were asked to listen to a group of three disyllables (ABX)
and to decide whether the third word (X) was more similar to the first (A) or the
second (B) by pressing “1” or “2” on the keyboard. Within each trial there was a 600-
ms pause between A and B. The critical word (X) followed after a 900 ms pause (cf.
Braun & Johnson, 2011). The interval between two consecutive trials was 1000 ms. The
experiment was controlled using E-prime. The response buttons and reaction times
(RTs) of the participants were recorded. The RTs were recorded from the beginning of
the target X, and if the participant failed to respond within 7 seconds, then the next
trial would proceed automatically.

3.2.4  Statistical analyses

Analysis of the response type (classification along the segmental or the tonal dimension)
was performed with a mixed effects logistic regression model using R with Ime4 pack-
age (Bates, Maechler, Bolker & Walker, 2015). The fixed factors of the model included
Participant Group (i.e., Native Mandarin listeners, Beginning learners, Advanced learn-
ers, and Native Dutch listeners), Trial Type (i.c., forced-segment, forced-tone, segment-
and-tone, and segment-or-tone), and their interactions. By-Participant intercept (60
levels) and By-Item intercept (9 levels) were included as random effects. In addition, we
also included the factor Response Button (1 or 2) as a control variable. The initial
model also included The Tone of The Target Word (Tone 2 vs. Tone 4) as a fixed
effect, but it was removed since it was not significant and did not appear in significant
interactions.

For reaction time, the raw RT data was natural-logarithmically transformed to
achieve better normalcy. The analysis of RT was also performed with a linear mixed
effect model using R with Ime4 package (Bates et al., 2015), initially with a full model.
Model comparisons showed a significant effect of the following fixed factors: Parti-
cipant Group, Ttial Type, Response Button and their interactions. With regard to ran-
dom effects, both By-Participant intercept (60 levels) and By-Item intercept (9 levels)
were included in the final model.
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For both models of response type and RT, trials with residuals beyond 3
standard deviations of the mean were removed as outliers. R’ values for both models
were calculated with the MuMIn package (Bartor, 2015) in R according to the method
suggested by Nakagawa and Schielzeth (2013) with the marginal R’ measuring the vari-
ance explained by the fixed effects and the conditional R’ representing the variance
explained by both fixed and random factors. Post-hoc comparisons of differences be-
tween different levels within each factor were conducted using the Multcomp package
in R with Single-step adjustment (Hothorn, Bretz, & Westgall, 2008).

3.3 Results
Fifty trials (0.3%) were excluded because participants did not respond within 7 seconds

after the target word was presented. So in total, 17,230 trials (out of 17,280) were ana-
lyzed.

Table 3.2. Summary of mixed effects models for response type and reaction time (RT).

Fixed effects LG PR (e RT (log)

af p af P
Group 3 0.16 0.98 3 6.65 0.08
Trial Type 3 940.99 <.001 3 1307.10 <.001
Response Button 1 3.81 0.05 1 0.18 0.67
Group : Trial type 9 703.08 <.001 9 188.59 <.001
Group : Response Button 3 7.93 0.05 3 2.90 0.41
Trial Type : Response Button 3 1046 0.02 3 7.21 0.06
Group : Trial Type : Response Button 9 1546 0.08 9 6.77  0.66
Random effects
1| Subject 1 47334 <.001 1 4366.10 < .001
1| Item 1 8823 <.001 1 58.06 <.001
Marginal R’ 0.67 0.09
Conditional R’ 0.71 0.33

The statistical results for the models of response types and reaction times are presented
in Table 3.2. The »? and corresponding p values for the fixed and random effects were
obtained from likelihood ratio tests.

For response type, there was a significant main effect of Trial Type [}*(3) =
940.99, p < 0.001] as well as a significant interaction between the Participant Group and
the Trial Type [?(9) = 703.08, p < 0.001]. There was also a significant main effect for
the Response Button [3?(1) = 3.81, p = 0.05). The interaction between the Trial Type
and the Response Button was also significant [3?(3) = 10.46, p = 0.02].

For RT, there was a significant main effect of Trial Type [*(3) = 1307.10, p <
0.001]. The interaction between Participant Group and Trial Type was also significant
[¥2(9) = 188.59, p < 0.001). In the following, we will present a more detailed analysis of
the interaction of Participant Group and Trial Type, according to the research
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questions we have posed. The classification types and reaction times in the forced-
segment and forced-tone conditions will be discussed first (§ 3.3.1) since they reflect
the performance in segmental and tonal processing. After that response type and RT's
in the segment-and-tone and the segment-or-tone conditions will be discussed (§ 3.3.2),
which reveal the distribution of attention between the segmental and the tonal di-
mensions. Finally, the comparison of RTs among conditions within each participant
group will be presented, which shows the degree of perceptual integration of the
segmental and the tonal dimensions (§ 3.3.3).

3.3.1. Phonological processing of tonal contrasts

The response types and RT's of the four participant groups are presented in Figure 3.2.
The black line represents the mean percentage of correct classification in the forced-
segment, forced-tone and segment-and-tone conditions. Note that since there is not a
“correct” classification in the segment-or-tone condition, the black line in that con-
dition represents the mean percentage of the segment-based classification.

In the forced-segment condition, the overall accuracy (segment-based classi-
fication) was high across all four participant groups (above 86.0%). The two learner
groups scored a bit lower than the two native groups, but these differences were not
statistically significant. For RT in this condition, native Dutch listeners and beginning
learners responded significantly faster than advanced learners (AL vs. BL: 7 = 2.85, p =
0.023; AL vs. ND: z = 3.00, p = 0.014). This suggests that listeners with less Mandarin
experience can ignore the tonal information more easily and focus their attention better
on the segmental dimension.

In the forced-tone condition, the accuracy (classification along the tonal
dimension) of native Mandarin listeners (NM) (87.2%) and advanced learners (AL)
(82.0%) was significantly higher than that of the beginning Dutch learners (BL) (64.9%)
and native Dutch listeners (ND) (58.5%) (NM vs. BL: 3= 5.78, p < 0.001; NM vs. ND:
2= 7.28, p <0.001; AL vs. BL: 3 = —4.23, p <0.001; AL vs. ND: 3 = —=5.74, p <0.001).
Within each subgroup (ND and BL; AL and NM), there was no significant difference,
but there was a slight trend of native Mandarin listeners performing better than ad-
vanced learners and beginning learners performing better than native Dutch listeners
(all p values > 0.05). Although the accuracy was low for native Dutch listeners, one-
tailed t-tests showed that their performance was significantly above the level of chance
(50.0%) (data aggregated by subjects: #(14) = 5.62, p < 0.001; data aggregated by items: #
(71) = 4.87, p < 0.001). The effect of the response button was not significant for all
groups. In this condition, RT was not significantly different across the four participant
groups, but advanced learners generally responded more slowly than the other three
groups (all p values > 0.05).
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Figure 3.2. Mean percentage of response types and KT across participants with standard errors for
Sfour participant groups in_four conditions. The black line shows percentage of segment-based, tone-based,
segment-and-tone-based, and segment-based classification in forced-segment, forced-tone, segment-and-
tone and segment-or-tone condition, respectively. The grey line shows natural-logarithmic RT. The four
groups of participants are listed along the x-axis: native Dutch listeners without Mandarin experience
(ND,), beginning Dutch learners of Mandarin (BL), advanced Dutch learners of Mandarin (AL),
and native Mandarin listeners (INM). The data was grouped in panel a by trial conditions and in
panel b by participant groups.

In order to further illustrate the similar processing patterns between the native Man-
darin listeners and the advanced Dutch learners of Mandarin versus the similarity
between the native Dutch listeners and the beginning learners of Mandarin, the differ-
ence scores of the segmental and the tonal classifications have been plotted in Figure
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3.3. The difference score was defined as the percentage of correct classifications in the
forced-segment condition minus the correct classifications in the forced-tone condition,
following Dupoux et al. (2001).
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Figure 3.3. Difference scores of the four participant groups. ND: native Dutch listeners withont
Mandarin experience; BL.: beginning Dutch learners of Mandarin; AL: advanced Dutch learners of
Mandarin, NM: native Mandarin listeners. The difference scores were calenlated as the percentage of
correct segmental classification in the forced-segment condition minus the percentage of correct tonal
classification in the forced-tone condition. The median scores are indicated by the thick horizontal lines.
The 25th and 75th percentiles correspond fo bottom and top edges of the box. The whiskers extend 1.5
interquartile range from the boxes.

The ovetlap between the groups refers to the percentage of participants whose differ-
ence scores were in the common area of the two groups. There is hardly any overlap
between the native Dutch and Mandarin listener groups, which indicates that the task
clearly reveals impairment in the native Dutch participants’ tonal perception. The
response type from this task therefore provides a robust criterion for differentiating
between the two native listener groups. The large overlapping area between the native
Dutch listeners and the beginning learners demonstrates their poor performance in
tonal classification, while the similar distributions for advanced learners and native
Mandarin listeners demonstrate their comparable performance in the tonal and
segmental classifications.
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3.3.2  Redistribution of attention to the segmental vs. the tonal dimension

In the segment-and-tone condition, the overall accuracy was very high across the four
groups (over 91.0%), with the performance of native Mandarin listeners significantly
better than that of the beginning learners (NM vs. BL: = 2.97, p = 0.016) (Figure 3.2,
panel a). There was an effect of the response button for native Mandarin listeners (3 =
—3.57, p <0.001). For them, more errors were associated with the response button “2”.
In other words, the native Mandarin listeners mistakenly chose “2” more often when
the answer should have been “1” than the other way around. Native Mandarin listeners
responded very fast in this condition, hence the common bias toward the “B” standard
in an ABX task (Macmillan & Creelman, 2004) became more obvious. A similar bias
for the “2” response was also found for beginning learners (3 = —1.97, p = 0.048). For
RT in this condition, native Mandarin listeners responded faster than the other three
groups, although only the RT difference between native Mandarin and advanced
learners reached significance (3 = 2.79, p = 0.027).

In the segment-or-tone condition, native Mandarin listeners (62.2%) and ad-
vanced learners (69.2%) classified the stimuli along the segmental dimension signi-
ficantly less often than beginning learners (85.5%) and native Dutch listeners (90.4%)
(NM vs. BL: = —6.00, p <0.001; NM vs. ND: = —7. 73, p <0.001; AL vs. BL: =
4.42, p <0.001; AL vs. ND: z = 6.18, p < 0.001). (Note that in Figure 3.2, the black line
for this condition refers to the percentage of the segment-based classification.) Within
each subgroup ({ND BL} versus {AL NM}), there was no significant difference, but
there was a slight trend for native Mandarin listeners to be more attentive to the tonal
dimension than advanced listeners, as well as for beginning learners to beg more
attentive to the tonal dimension than native Dutch listeners (all p values < 0.1). For RT
in this condition, advanced learners responded significantly slower than native Dutch
listeners and beginning learners (AL vs. ND: z = 3.23, p = 0.007; AL vs. BL: 2= 3.00, p
= 0.015). Native Mandarin listeners were also slower than native Dutch listeners and
beginning learners, but the differences were not statistically significant (all p values >

0.05).

3.3.3 Integrality of segmental and tonal information

Related to the redistribution of attention to tonal and segmental dimensions is the issue
of integrality of segmental and tonal information in speech processing, which was
further examined within each participant group by comparing the RTs of the forced-
segment and forced-tone conditions against the RTs of the segment-and-tone condition
(grey lines in Figure 3.20).

Results showed that native Mandarin listeners responded significantly slower
in both the forced-segment and the forced-tone conditions than in the segment-and-
tone condition (3= —12.64, p <0.001; z = —21.86, p < 0.001). This suggests that when
it was required that participants direct their attention to either the segmental or the
tonal dimension, native Mandarin listeners were slowed down by the mismatch in the
other dimension. Furthermore, the RT in the forced-tone condition was longer than in
the forced-segment condition (3= —9.24, p < 0.001), which indicates that the mutual
integrality between these two dimensions is not symmetrical. The results showed that
the segmental dimension interfered more with judgment in the tonal dimension than
vice versa.



CHAPTER THREE: ATTENTION DISTRIBUTION AND SEGMENT-TONE INTEGRATION 65

For native Dutch listeners, there was no significant difference between the
RTs in the forced-segment and segment-and-tone dimensions. There was, however, a
significant difference in the RTs between the segment-and-tone condition and the
forced-tone condition (3 = —18.10, p < 0.001). The longer RT in the forced-tone con-
dition mainly resulted from the difficulty in phonological tonal processing (as evident
from the accuracy of the responses). This suggests that the two dimensions were pro-
cessed in a separate manner.

The pattern of the beginning learners was similar to that of the native Dutch
listeners, with no significant difference in RTs between the forced-segment and
segment-and-tone conditions. The significant difference in RTs between the forced-
tone and segment-and-tone conditions (g = —15.82, p <0.001) was also a result of dif-
ficulty in discriminating between tonal contrasts. Advanced learners have developed a
stronger integration of the segmental and the tonal dimensions. Their responses in the
forced-segment and forced-tone conditions were significantly slower than that in the
segment-and-tone condition (g = —8.61, p <0.001; = —16.08, p <0.001). The RTs in
the forced-tone condition were significantly longer than those in the forced-segment
condition (g = —7.64, p < 0.001), which indicates an asymmetry in the processing of
these integral dimensions, similar to that of native Mandarin listeners.

3.4 Discussion and conclusion

This experiment was designed to investigate three research questions concerning the
acquisition of new tonal categories, the redistribution of attention over segments and
lexical tones, as well as the integration of the segmental and suprasegmental perceptual
dimensions. In the following, we will discuss how the results of this experiment can
shed light on the three research questions that we set out to investigate.

The first research question concerns the phonological discrimination of Man-
darin tone categories, which was revealed in the forced-tone ABX condition. The per-
formance of advanced learners was significantly better than that of both the native
Dutch control group and beginning learners, and approximated that of the native Man-
darin listeners. This suggests that although pitch movements are not used to convey
lexical meaning in Dutch, Dutch learners can perceive tonal contrasts with proper
practice. This counters the phonology-based model (Brown, 2000), which would pre-
dict a persistent impairment in tonal perception for Dutch learners of Mandarin, since
tone contrasts are not phonemic in Dutch and should therefore not trigger acquisition.

SLM, on the other hand, does predict the learning of new tones. PAM-L2
further predicts that there are two possible assimilation scenarios for the tonal pair used
in our experiment. First, the tonal contrast fits the Both-Uncategorized scenario, which
predicts that naive listeners would show a good discrimination performance and this
contrast would be relatively easy to learn by L2 learners. The percentage of correct
classifications by native Dutch listeners in the forced-tone condition was 58.5%, which
is not good, but significantly above chance level. This shows that our native Dutch
listeners were sensitive to the acoustic distinctions of this tonal pair to some extent, but
they could not encode tonal information accurately in the ABX task with high memory
load and phonetic variability, which requires a short-term retention and an abstract
phonological level of representation. For the two groups of learners, correct tonal
classifications increased with Mandarin learning experience, which is in line with the
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prediction of PAM-L2. Since Mandarin tones cannot be assimilated into an existing
category by the learners’ L1, new categories are expected to be established first at a
phonetic level. As the 1.2 vocabulary expands, learners are also expected to become
attuned to the phonological structure of 1.2, and the newly established tonal categories
will be discriminated in a phonologically contrastive way.

The alternative possibility within PAM-L2 is that the tonal contrast in our
study fits the Uncategorized-Categorized scenario. That is, the sequence of Tone 4
followed by a neutral tone may be mapped onto the “pointed hat” pitch accent (H*L),

followed by a low boundary tone (H*L L%). The sequence of Tone 2 and a neutral
tone, in contrast, is less likely to be mapped onto Dutch intonation category. In this
case, we would expect an asymmetry between target non-words with T2 and T4 for
naive listeners and Dutch learners of Mandarin. However, this tendency was not ob-
served in the data The effect of Tone of The Target Word (Tone 2 vs. Tone 4) was not
significant and it did not appear in significant interactions. This shows that, at least in
an ABX task with high memory load, a similar intonation pattern in Dutch cannot help
native Dutch listeners to fully discriminate this pair of tonal sequences.

The redistribution of attention between the segmental and the tonal di-
mensions (the second research question) was tested by comparing the performance in
the segment-and-tone with the segment-or-tone condition. Native Mandarin listeners
adopted both dimensions as possible classification criteria, while the control group of
native Dutch listeners uniformly classified the target along the segmental dimension.
These results were in line with the findings of Braun and Johnson (2011), which
showed that only Chinese listeners — who use pitch information in a lexically contrast-
ive way — classified target words in incongruent trials along the pitch dimension. The
beginning Mandarin learners in our study were not yet very sensitive to tonal
information, and showed a pattern similar to the Dutch control group, whereas the
advanced learners behaved more similarly to the native Mandarin listeners. That is, the
advanced learners were attentive to both dimensions. In the segment-and-tone con-
dition, processing of both dimensions integrally requires little cognitive effort (as
suggested by the short RT). In the segment-or-tone condition, however, native Manda-
rin listeners processed both dimensions efficiently but extra time is needed for the
classification task (as suggested by the increased RT). The advanced learners of Man-
darin were shaping new selective perception routines and optimizing the attunement to
information reliable for word-form detection in Mandarin, in line with the phonological
mode of processing predicted by ASP (Strange, 2011). More specifically, they have
learned to shift their attention to the previously ignored tonal dimension (given their
native language experience). This dimension was therefore “stretched” (Nosofsky, 1980)
and the difference of tonal categories along this dimension became more salient to
them (as compared to the beginners). The enhanced sensitivity to tonal information
actually slowed them down in the classification task both in the segment-and-tone con-
dition and the segment-or-tone condition. This result also suggests that one’s percept-
ual space remains plastic and dynamic and can be further shaped by learning experience
with a second language throughout adulthood. The sensitivity to pitch information is
flexible and the process of establishing new tonal categories in L2 learning indeed
involves the redistribution of attention along perceptual dimensions.

The development of the integrality of the segmental and the tonal dimensions
(the third research question) was revealed by comparing the reaction times in the
forced-segment and forced-tone conditions with the segment-and-tone condition
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within each participant group. For native Mandarin listeners, these two dimensions
were processed in an integral manner. They were less able to divert their attention from
tonal variations when classifying the target along the segmental dimension, and vice versa.
In addition, the integrality of these two dimensions was asymmetrical, in that the
segmental dimension interfered more with the tonal dimension, while the interference
from tonal variation was smaller when classification was required along the segmental
dimension. This finding is consistent with the results of Tong et al. (2008). They tested
the interactions between the segmental and the suprasegmental dimensions of Manda-
rin by asking participants to attend to one dimension while ignoring the other one.
Their results suggested that variations in the segmental dimension interfered more with
tone classification than vice versa.

For native Dutch listeners, our results suggest that the two dimensions were
processed separately. The variation in the tonal dimension did not affect the processing
of segments. They could direct their attention to the segmental dimension and ignore
the other dimension in the forced-segment condition. The beginning learners demon-
strated a pattern like that of the native Dutch listeners. That is, they adopted a similar
strategy used in the processing of their native language in the processing of tonal
information. The advanced learners, in contrast, behaved more like the Mandarin native
speakers. They also showed a similar asymmetry with more segmental interference for
the tonal dimension than the reverse. One may note that the RTs were longer for
advanced learners than for native Mandarin listeners in both the forced-segment and
forced-tone conditions. The slower performance by advanced learners is probably due
to the fact that their L2 selective processing routines were still in development and were
not as automatic as those of native Mandarin listeners. Alternatively, it may be that even
though they have acquired the lexical tones phonologically, their processing of the non-
native contrasts still requires more attention, as would be predicted by the ASP model.

Lin and Francis (2014) employed the Garner test to examine the differences in
attention to consonants and tones by Mandarin learners of English and native English
listeners. The experiment was done in both English and Mandarin modes. Results
showed that in both the Chinese and English contexts, Mandarin learners of English
processed consonant and tone in an integral manner, while English listeners processed
these two dimensions in a separate manner. It is worth noting that Mandarin listeners
did not give up the segment-tone-integration strategy in an English context although
they were proficient L2 English learners. That is, they maintained the processing
strategy in their native tone language when processing words in a non-tone second
language. This is in contrast to the advanced Dutch learners of Mandarin in this study
who had not only successfully acquired the distinctions of tonal categories, but also had
developed a strategy similar to that of native Mandarin listeners in terms of segmental-
tonal integrality.

In conclusion, a developmental path in phonological tone processing was ob-
served for Dutch learners of Mandarin in the current study. Our results suggest that
learners’ sensitivity to pitch information is flexible and the acquisition of new tonal
categories in L2 can indeed involve a gradual change in the distribution of attention
along perceptual dimensions and the development of segment-tone integrated pro-
cessing,.






Chapter four

The representation and accessing
of lexical tones by Dutch Learners
of Mandarin Chinese

4.1 Introduction

Considerable evidence indicates that Mandarin tone presents a great challenge for adult
non-tone language speakers learning Mandarin as a second language (I2) (e.g., Hao,
2012; Shen, 1989; Wang, Jongman, & Sereno, 1999). We know that L2 Mandarin
learners can be trained to improve their tone identification in monosyllabic words but
typically to a suboptimal plateau (Wang et al., 1999). What could have hampered the
ultimate attainment of native-like tonal processing? This study investigated two potent-
ial levels of processing costs that may explain the suboptimal tonal identification
accuracy by non-tonal second language learners: phonological tonal processing and
lexical accessing. We did so by examining the developmental trajectory of phono-
logical/lexical tonal processing by beginning and advanced Dutch learners of Mandatin
in a sequence recall task and a lexical decision task, respectively.

411 Assessment of non-native segmental and suprasegmental perception

Adult learners are often confronted with difficulties in non-native segmental and supra-
segmental perception when learning an L2, especially when they have to learn novel
phonemic contrasts in the target language. Such difficulties have been demonstrated by
many studies using perception tests ranging from basic phonetic discrimination and
identification to tasks testing more abstract phonological representations and lexical
activation (e.g., Dupoux, Pallier, Sebastian-Gallés, & Mehler, 1997; Dupoux, Peper-
kamp, & Sebastian-Gallés, 2001; Dupoux, Sebastian-Gallés, Navarrete, & Peperkamp,
2008; Pallier, Bosch, & Sebastian-Gallés, 1997; Sebastian-Gallés, Echeverria, & Bosch,
2005; Sebastian-Gallés & Soto-Faraco, 1999; Strange & Dittmann, 1984). The auto-
matic selective perception (ASP) model of first and second language speech processing
has been proposed to account for such difficulties (Strange, 2011). It emphasizes the
role of attention and differentiates between phonological and phonetic modes of pet-
ception. The phonological mode is employed by native listeners, in which automatic
selective perception routines are used to detect phonologically contrastive information
for identifying word forms. This automatic processing is shaped by language experience,
costing little cognitive effort. The phonetic mode is employed by native speakers to
detect fine-grained allophonic details, and requires more cognitive effort. It is hypo-
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thesized that at the beginning stage of L2 learning, the phonetic mode of perception
has to be used when processing novel contrasts, and the L2 learning process involves
the development of new selective perception routines that optimize the attunement to
the information reliable for word-form recognition. The role of the task is also emphas-
ized by this model: in tasks with a high memory load and phonetic variability, .2
listeners are less likely to detect fine-grained phonetic details, and therefore have to use
the phonological mode of processing; in less demanding tasks with simple stimuli, the
phonetic mode can be used.

The problem of Japanese listeners’ discrimination of the English /r/-/1/ con-
trast (Strange & Dittmann, 1984) is a good example of acquisition difficulty that can be
accounted for by the ASP model. The L2 listeners performed well in basic identi-
fication and discrimination tasks, in which the phonetic mode of processing could be
used. In a more demanding task with complex stimuli asking for the phonological mode
of processing, their performance was poor, since the selective perception routines of
English had not been established yet. Likewise, for perception of a non-native /e/-/e/
contrast the level of difficulty is a function of task and stimulus factors, as predicted by
the ASP model (Pallier et al., 1997; Sebastian-Gallés, Echeverria, & Bosch, 2005;
Sebastian-Gallés & Soto-Faraco, 1999).

Although most research on non-native sound perception was directed at the
segmental aspect, research on non-native suprasegmental perception has yielded some
similar results, especially in non-native lexical stress perception. French native listeners
have been reported to have difficulties in perceiving word stress contrasts, which are
absent in French. Dupoux, et al. (1997) showed that French participants did not have
detectable problems with stress contrasts in a basic AX discrimination task. In a later
study, a sequence-recall task, with tokens from multiple speakers, was used to test stress
processing of French and Spanish native speakers. It was found that French speakers’
performance was significantly below that of native Spanish listeners, showing great
difficulty in processing stress contrasts (Dupoux, et al., 2001). This suggests that French
speakers can use acoustic stress cues in a discrimination task, but cannot encode stress
in their phonological representation of words. These findings also suggest the im-
portant role of demanding tasks and stimulus complexity in the assessment of particip-
ants’ processing ability of non-native segmental and suprasegmental contrasts.

4.1.2  Perception of tones by native Mandarin speakers

Mandarin is a language with a rather complex tone system. There are four full tones
and a neutral tone. Tone 1 (T1) is a high tone; Tone 2 (T2) is a rising tone, Tone 3 (T3)
is a low tone and Tone 4 (T4) is a falling tone (Chen & Gussenhoven, 2008; Duanmu,
2000). When produced in a prepausal position or in isolation, Tone 3 (TI3) is realized as
a dipping tone. This tone also has two variants in connected speech: it becomes a low
falling tone preceding T1, T2, T4 and necutral tone, and it is realized with a rising
contour similar to T2 preceding another T3. The neutral tone always comes at the end
of a word or phrase, and is associated with a weak syllable. It has a static and mid
target, but the target is realized with more pitch variability than lexical full tones: the
pitch of a syllable with neutral tone is substantially influenced by the tone in the pre-
ceding syllable (Chen & Xu, 2006). The use of lexical tones effectively reduces the
“rampant” segmental homophony (Liu & Samuel, 2007). Some studies demonstrated
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that the tones have a functional load comparable to that of vowels (Oh, Pellegrino,
Coupé, & Marsico, 2013; Surendran & Levow, 2004).

As for the role of tonal information in lexical access and selection, some
studies suggested that tone might be a weaker cue in word recognition compared to
segmental information, using tasks of speeded classification (Repp & Lin, 1990), vowel
and tone monitoring (Ye & Connine, 1999) and priming (Sereno & Lee, 2014). How-
ever, some recent studies using online measures such as eye-tracking and event-related
potentials (ERPs) showed parallel processing of segments and tones in word recogn-
ition, arguing that the role of tonal information is comparable to that of segmental
information (Malins & Joanisse, 2010; Malins & Joanisse, 2012; Schirmer, Tang, Penney,
Gunter, & Chen, 2005; Zhao, Guo, Zhou, & Shu, 2011). Taken together, tonal in-
formation plays an important role in lexical access for native speakers, which can be
captured and reflected more effectively in on line measurements. Moreover, the relative
importance of tone (and word prosody in general) versus segmental information is
variable and depends mainly on the speech quality. Prosody is more resistant to noise,
and will assume greater importance in poor-quality speech (see, e.g., Cutler & McQueen,
2014; Wang, Zhou, & Xu, 2011).

4.1.3  Perception of Mandarin tones by non-native speakers

The important role in the language system makes tone acquisition a crucial aspect of
Mandarin learning. The performance of L2 learners in tone perception has been
investigated in previous research. Hao (2012) found that English and Cantonese
learners of Mandarin performed better in a Mandarin tone mimicry task, involving low-
level auditory perception and articulation only, than in tone identification and reading
tasks, which require a more abstract representation of tones. This suggests that the
main difficulty is the establishment of robust associations between pitch contours and
tone categories. The results also showed that distinguishing T2 and T3 was most
difficult, followed by distinguishing T1 and T2. Since T2-T3 confusion was the major
problem for both native English speakers and native Cantonese participants, the
confusion could be L1 independent, and probably stems from the acoustic similarity of
these two tones, in that they have similar pitch contours and there is overlap in their
pitch ranges (Moore & Jongman, 1997). This confusion also has been found for adult
native Mandarin speakers (Bent, 2005; Zhang, Samuel, & Liu, 2012), and in first
language acquisition (i & Thompson, 1977). Wang et al. (1999) showed that English
learners of Mandarin improved their tone identification accuracy in monosyllabic words
from 69% to 90% after a two-week training. The training-induced improvement also
generalized to new words and speakers. In both pre-test and post-test, the most
difficult tone pair was {T2 T3}. The pair {T1 T4} was most resistant to improvement,
and became the second most difficult one in the post-test. Zou, Chen and Caspers
(2016) tested the phonological processing of Mandarin T2 and T4 by beginners and
advanced Dutch learners of Mandarin in an ABX task. Compared to beginners, the
advanced learners had improved significantly in tonal discrimination and showed a
more native-like pattern in redistributing attention between segmental and tonal
information, as well as integrated processing of these two types of information.
However, the above mentioned studies mostly used basic identification and discrimina-
tion tasks in which phonetic mode of processing can be employed by participants to
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focus on phonetic details. In cognitively demanding tasks, however, listeners are not
likely to detect fine-grained phonetic details and have to use phonological mode of pro-
cessing. The performance of advanced L2 learners in cognitively demanding task,
therefore, becomes an interesting issue to investigate. Can they develop a new “se-
lective perception routine” and show a native-like pattern in phonological tonal pro-
cessing? The current study therefore sets out to test the processing of all tonal contrasts
by beginning and advanced Dutch learners of Mandarin in a cognitive demanding task,
trying to reveal the L2 developmental trajectory and shed some light on the issue of
ultimate attainment in .2 tonal processing.

Learning to use tonal information in lexical access is another crucial issue in
L2 tonal acquisition. To our knowledge, no systematic empirical research has been
done to investigate tone processing in lexical access by L2 learners. Recently, learning
to use tonal information in a lexically contrastive way has been investigated in several
perceptual training studies by testing naive non-native speakers of Mandarin. Using the
sound-to-word learning paradigm, which trains participants to associate members of
minimal tone pairs with different meanings, these studies examined the contribution of
individual variability in cue weighting in tone learning (Chandrasekaran, Sampath, &
Wong, 2010), the effect of individual musical experience (Wong & Perrachione, 2007),
as well as the influence of tonal context in tone learning (Chang & Bowles, 2015). Some
studies also found a training-induced change in the participants’ neural system (Wong,
Chandrasekaran, Garibaldi, & Wong, 2011; Wong, Perrachione, & Parrish, 2007). While
the focus varies across these studies, the results lead to the convergent finding that
naive non-native speakers of Mandarin can be trained to use pitch information lexically.
Based on this finding, it can be assumed that L.2 learners of Mandarin can also use tonal
information effectively in word processing. However, to what extent can they achieve
native-like pattern? Are different tonal contrasts equally difficult for them in lexical
access? These questions remain less understood. Therefore, the current study sets out
to investigate the use of tonal information in lexical access by L2 learners of Mandarin
in a lexical decision task.

4.1.4  The present study
In this study, the main research questions are:

(1) What is the developmental trajectory of the Dutch learners’ phonological process-
ing of tonal contrasts?

(2) Can lexical tones be used properly in lexical activation by Dutch learners of Man-
darin?

As reviewed above, Dupoux et al. (2001, 2008) found that sequence recall task provides
a robust paradigm for testing the phonological processing of novel L2 phonemic con-
trasts. So, in the present research, a sequence recall task with non-words and high
phonetic variability and memory load has been applied to answer the first research
question.

In this task, participants were asked to learn to associate two members of di-

syllabic minimal tone pairs with the keys “a” and “b” in a training phase with feedback.
In the test phase, a sequence of non-words was presented, and the task for the parti-
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cipants was to transcribe the sequence in the correct order by typing a series of “a” and
“b”. To induce a high memory load, sequences of four non-words were used. The
phonetic variability was introduced in that the four non-words in a sequence were
always produced by four different voices in random order. In addition, for each voice,
four different tokens of the same non-word were used in different trials.

To answer the second research question, the use of tone in lexical access by
Dutch learners of Mandarin was tested in an auditory lexical decision task. The stimuli
were disyllabic Mandarin real words and non-words (i.e., with a wrong tone on the first
syllable). Disyllabic word-non-word pairs differing only in a consonant were used as a
control condition. The participants were asked to decide whether the presented item
was a real word or not by pressing a key as soon as possible. Both response correctness
and reaction time (measured from stimulus onset) were recorded.

4.2 Experiment 1: Sequence recall task
4.2.1  Participants

Twenty-six Dutch learners of Mandarin and 15 Mandarin controls participated in the
experiment. All Dutch learners of Mandarin received formal Chinese training from the
Chinese Studies program at Leiden University. The beginning group consisted of 6
males and 8 females (mean age = 20.8, SD = 2.8). Their Mandarin learning and speak-
ing experience varied between 0.5 and 2 years (M = 1.2, SD = 0.5), and they had never
lived in China. The other 14 participants (8 males and 6 females; mean age = 24.8, SD
= 3.6) were advanced Mandarin learners, who had Mandarin experience between 3 and
14 years (M = 5.4, SD = 3.3), and had spent at least one year in China. The native
Mandarin control group had 3 males and 12 females (mean age = 26.9, SD = 2.8). All
were from the Northern part of China and could speak standard Mandarin.

4.2.2 Materials and design

All six tone paits (T1-T2, T1-T3, T1-T4, T2-T3, T2-T4, and T3-T4) were tested in the
experiment. In the experimental condition, three similar CVCV non-words were used
with the target tone on the initial syllable and a neutral tone on the final syllable. The
vowel set of the non-words consisted of [a], [i], and [u]. In the consonant set, there
wete three pairs of stops (labial: [p]-[ph]; alveolat: [t]-[t"]; velat: [k]-[kP]). The three non-
words were combined with different tone pairs in a counterbalanced way (see Table
4.1). Two minimal pairs differing only in a consonant were used as the segmental con-
trol condition (fuda-fuga; subi-sudi).> They were produced with T1 on the initial syllable
and a neutral tone on the second. The segmental control condition was introduced as a
baseline. The difficulty in tone processing will be revealed by comparison between
segmental control condition and the experimental condition.

5 Dutch has no phonemic contrast between a lax and tense velar stop, so that the marked
member [g] is a new sound for Dutch learners, but they should know the sound from English,
German and French, as well as from loan words that Dutch borrowed from these languages.



74 'TING ZOU: PRODUCTION AND PERCEPTION OF TONE BY DUTCH LEARNERS

Table 4.1. Non-word stimuli used in the sequence-recall task.

. .. Associated keys
Experimental condition e

A b
T1-T2 balti  ba2ti
T1-T3 di3ka  dilka
T1-T4 gulpa gudpa
T2-T3 gudpa gulpa
T2-T4 dizka  didka
T3-T4 ba4ti  ba3ti

fulda fulga

Segmental control condition sulbi  suldi

The stimuli were recorded four times by four native Mandarin speakers (two females
and two males) from northern China. In addition, the word “OK” was recorded by a
female speaker. All items were recorded with a Sennheiser MKH416T microphone in
the Leiden University Phonetics Lab (44.1 kHz, 16 bit).

There are 16 possible combinations for sequences of four non-words. To
select the most difficult combinations, two Dutch learners of Mandarin and two native
Mandarin listeners participated in a pilot with 192 stimuli (16 sequences X 2 repetitions
X 6 tonal pairs). More errors were found for sequences with more variation in
combinations. That is, the sequence abba with one transition from a to b and another
transition from b to a was more difficult than the sequence of aabb with only one
transition from a to b. So, out of all 16 possible sequences, the eight sequences with
two and three transitions were selected (aaba, abaa, abba, baab, babb, bbab, abab, baba).
In every sequence, the four non-words were produced by four different voices. The
order of these four voices was counterbalanced over sequences. Each non-word was
recorded four times by the four speakers. So, for each tone/segmental pait, all of these
tokens were used in the eight sequences. That is, for T1T2, 16 tokens (4 voices X 4
tokens) of the non-word bal# wete used. The design of this experiment is: 8 tonal/
segmental pairs X 8 sequences X 2 repetitions, yielding 128 experimental trials.

4.2.3 Procedure

Each participant was tested individually in the Leiden University phonetics lab with all
128 trials with the auditory stimuli presented through Beyerdynamic DT-770 Pro head-
phones. The three groups of participants received instructions (in their native language)
that they were going to learn some words in a foreign language. The six tonal pairs were
tested separately in six experimental blocks. Each block embraces a word learning
phase, a training phase and a main experimental phase. In the learning phase, particip-
ants were first asked to press “a” on the keyboard to hear the first foreign word. A
sound token of one non-word from a tonal pair produced by a female speaker was
played at this time (e.g., bal#). Then they were asked to press “b” on the keyboard,
upon which the other sound token produced by the same female speaker was played
(e.g., ba2ti). After that, the participants were presented with “a” or “b” on the screen.
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Pressing the letter on the screen lead to the playing of one token of the corresponding
non-word. In this way, participants heard all 16 tokens of each non-word within a tonal
pair in random order by pressing the associated key. Subsequently in the training phase,
the non-word-key association and distinctions between non-words were further trained
in an identification task. After hearing a non-word, the participants were asked to press
the associated key. They got feedback on their choice with the message of “Correct” or
“Incorrect” on the screen. There were 16 training trials with stimuli produced by differ-
ent speakers, presented in random order. An accuracy of 80% was defined as the
success criterion. The participants moved on to the main experiment when they had
reached this criterion. Two beginning learners could not satisfy this criterion and did
not continue with the experiment. The remaining twelve beginners moved on to the
main experiment. All advanced learners and native Mandarin listeners satisfied the
criterion.

In the main experimental phase, there were two warm-up trials and 16
experimental trials. In each trial the participants heard a sequence of four non-word
tokens produced by four speakers and a following “OK” produced by a female voice.
In order to reduce the possibility of the participants translating the non-words into the
associated letters immediately when listening to the stimuli, the inter stimulus interval
among the four non-words was kept very short (50 ms) (Dupoux et al., 2008). The
“OK” following the non-word sequence was adopted to prevent the participant from
using echoic memory (Dupoux, et al., 2008; Morton, Crowder, & Prussin, 1971). The
task for participants was to reproduce the order of the sequence by typing the
associated keys as quickly and accurately as possible after hearing the word “OK”. After
the response, the next trial came after a 1500-ms pause.

The order of the six tonal blocks was random among participants. In each
block, the participants repeated the training and sequence-recall procedures. The con-
trol condition with two blocks of segmental minimal pairs was tested after the six tonal
blocks. In total there were eight blocks. Each block took about 5 minutes to complete,
and there was a one-minute break between blocks.

4.2.4 Results

Analysis of transcription result (i.c., correct or incorrect transcription of the non-word
sequence) was performed with a mixed effects logistic regression model using R and
the Ime4 package (Bates, Maechler, Bolker, & Walker, 2014). For all trials, a model was
constructed with Participant Group (i.e., native Mandarin listeners, beginning Dutch
learners, and advanced Dutch learners), Tone Pair (i.e., six tone pairs and one
segmental control condition) and their interaction as fixed effects. Intercepts for parti-
cipants and items, as well as by-participant slopes for the effect of Participant Group
were added as random effects. Post-hoc comparisons of differences between different
levels within each effect were conducted with Bonferroni adjustment using the Mult-
comp package in R (Hothorn, Bretz, & Westgall, 2008).

The statistical results for the model of response accuracy are presented in Table
4.2. The y and corresponding p values for fixed and random effects were obtained
from likelihood ratio tests. There were significant main effects of Participant Group,
Tone Pair as well as a significant interaction between Participant Group and Tone Pair.



76

TING ZOU: PRODUCTION AND PERCEPTION OF TONE BY DUTCH LLEARNERS

In the following, we will present a more detailed post-hoc analysis of the interaction of
Participant Group and Tone Pair.

Table 4 2. Summary of a mixed effects logistic model for response accuracy. (The fixed effect Tone
Pair comprises six tone pairs and the segmental control pair.)

Fixed effects I j?(czcuracy p
Participant Group 2 30.65 <0.001
Tone Pair 6 140.06 < 0.001
Participant Group X Tone Pair 12 115.82 < 0.001
Random effects

1+ Participant Group | Participant 6 290.99 < 0.001
Item 1 3875 <0.001

The sequence recall accuracy of the six tone pairs and the segmental control condition
for three groups is presented in Figure 4.1. In the control condition, the overall
accuracy was high across all three participant groups with no statistical difference
among groups (BL = 90.6%, AL = 85.7%, NM = 90.6%; all p values > 0.05). This
indicates that all three groups can process segmental contrasts with little difficulty.
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Figure 4.1. Mean sequence-recall accuracy of three groups of participants in six tone pairs and the
segmental control condition. BL: beginning Dutch learners of Mandarin; AL: advanced Dutch learners
of Mandarin; NM: native Mandarin listeners. Error bars are 15E.
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In the tonal conditions, pairwise comparison demonstrated that the accuracy was
significantly different between each two groups of participants for all tone pairs (all p
values < 0.05) except T3T4. In all tone pairs, the accuracy of beginning learners was at
the bottom but still well above chance performance level (chance level for 4-word
sequence equals 1/24, which is 7%). Compared to beginners, the advanced learners had
improved significantly in tone processing, but their performance was still below that of
the native Mandarin listeners. The only insignificance was between the performance of
advanced learners and native Mandarin listeners in T3T4 (AL = 72.8%, NM = 82.5%;
Est. = 0.77, z = 2.10, p > 0.05). The performance of advanced learners in this pair was
comparable to that of native Mandarin listeners.

For the native Mandarin speakers, the performance in tonal and segmental
conditions was comparable in general. Pairwise comparison showed that the accuracy
of segmental pairs was only significantly higher than the accuracy of T2T3 (3= —4.15, p
< 0.001). Among tone pairs, T2T3 (78.8%) was the one with the lowest accuracy,
significantly lower than T2T4 (90.4%) which was the most accurate pair (Est. = 1.09, z
= 3.40, p < 0.05). The accuracy was comparable among all other tone pairs.

For beginning learners, the accuracy in the segmental condition was signific-
antly higher than that of all tone pairs (all p values < 0.001). Among tone pairs, the
most difficult was T2T3 (27.0%), followed by T1T2 (33.9%), T1T3 (37.0%), T3T4
(41.1%), T1T4 (44.3%) and T2T4 (47.4%). Post-hoc analyses reveal that the accuracy of
T2T3 was significantly lower than that of T1T4 (Est. = —0.83, z = —3.05, p < 0.05) and
T2T4 (Est. = 0.93, 7 = 3.58, p < 0.01). The accuracies of other tone pairs were not
significantly different from each other.

Similar to beginning learners, advanced learners were significantly more
accurate in the segmental condition than in all tone pairs (all p < 0.02). Within the tonal
conditions, T2T3 (55.8%) was again the most difficult pair, followed by T1T2 (59.4%),
T1T3 (62.5%), T1T4 (67.4%), T3T4 (72.8%) and T2T4 (73.2%). The accuracy of T2T3
was significantly lower than T3T4 (Est. = 0.82, 3 = —3.23, p < 0.05) and T2T4 (Est. =
0.85, 2 = 3.32, p < 0.05).

4.3 Experiment 2: Lexical decision task
4.3.1  Materials and design

Ten disyllabic word-non-word pairs were chosen for each tone pair. For Dutch listen-
ers, the stimulus ends with T1, T2 and T3 can be potentially interpreted as non-final
(H%), which signals either continuation or question. T4 sounds like a final fall
(H*LL%). So, to avoid the influence of different boundary tones from listeners’ L1, we
kept the tone on the second syllable constant, only using real words with T1 on the
second syllable as stimuli. The non-words were constructed by only changing the tone
on the first syllable of the real words. Tone pairs were tested bi-directionally, which
means that there were 12 pairs in total (T1—T2, T2—T1, T1—2T3, T3—-T1, T12T4,
T4-T1, T2—T3, T3T2, T2 T4, T4T2, T3T4 and T4T3). For example, for
tone pair T1—=T2, 10 real words with T1 on the first syllable were selected, and the
corresponding non-words were constructed by changing T1 to T2 on the first syllable.
E.g., the corresponding non-word for the real word FK [tshuanlthienl] ‘spring’ was



78  TING ZOU: PRODUCTION AND PERCEPTION OF TONE BY DUTCH LEARNERS

[tshuon2thienl]. As a control condition, another 40 disyllabic word-non-word pairs
which differed only in the initial consonant of the first syllable were chosen. There were
ten words with T'1 on the initial syllable, and ten words each with T2, T3 and T4. The
non-words were constructed by changing the manner of articulation of the initial
consonant in the initial syllable. For instance, the corresponding non-word for the real
word 2 [kunlyen2] ‘park’ was [kPunlyen2]. To make sure the learners were familiar
with all words, the real words were selected from the first year text books of the
Chinese studies program at Leiden University (see Appendix A4 for a list of the stimuli).

It is reported that the non-word type can influence the wordlikeness judgment
in Mandarin. It has been shown that non-words with phonotactic violations (e.g., with
consonant clusters) can be easily and correctly identified, whereas non-words which do
not violate phonotactics but form a segment-tone combination gap (e.g., dai2) could
not be easily and quickly ruled out by native speakers (Wiener & Turnbull, 2015). To
maintain a similar wordlikeness level across non-words, only phonotactically legal
syllables were used when constructing non-words in this experiment. It is further
known that word frequency and lexical neighborhood density can affect the RT of
lexical decision. Neighborhood density of a word (or non-word) is defined as the
number of words that exist in the lexicon that differ from the target item in the
addition, deletion or substitution of precisely one segment according to Neighborhood
Activation Model (NAM) (Luce & Pisoni, 1998). Past research found that high-density
words could elicit longer RT's and high-frequency words could elicit shorter RTs. The
frequency effect was more salient for low-neighborhood density (Goh, et al., 2009;
Luce & Pisoni, 1998). So, these two factors were carefully controlled in this experiment.
The overall word frequency, as computed with SUBTLEX-CH (Cai & Brysbaert, 2010),
did not differ significantly across tone pairs and the segmental control condition [F(12,
147) = 0.04, p > 0.99]. The neighborhood density of the first and second syllable of the
disyllabic words, computed as the number of homophones according to the Modern
Chinese Dictionary, was also comparable across tone pairs and the segmental condition
[first syllable: F(12, 147) = 0.57, p = 0.87; second syllable: F(12, 147) = 0.80, p = 0.65].

All stimuli were recorded by a female native Mandarin speaker from northern
China speaking standard Mandarin. The recording was conducted with a Sennheiser
MKH416T microphone in the Leiden University Phonetics Lab using Adobe Audition
(44.1 kHz, 16 bit). The design of this experiment is 16 (12 tone pairs) X 10 word-non-
word pairs + 4 segmental conditions X 2 word type (real word-non-word), yielding 320
experimental trials.

4.3.2 Procedure

The same groups of participants as in Experiment 1 were tested. All three groups
received instructions in their native language. They were asked to decide whether the
word they heard was a real word in Mandarin or not as quickly as possible by pressing
the button “1” or “2” on the keyboard. The participants were informed that the non-
words were very similar to real words but with a difference in tone or initial consonant
on the first syllable. The order of the 320 stimuli was randomized for each participant.
Two pairs of word-non-words differing in the initial consonant of the first syllable
were presented before the main experiment as warming-up stimuli (the warming-up
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phase was used to let the participants get familiar with the associated buttons (1 vs. 2),
so only two were presented). None of these words was used in the main experiment.
During the warming-up phase, the participants received a “Correct” or “Incorrect”
message on the screen as feedback. The main experiment consisted of four blocks of
80 trials. Each trial began with the presentation of a fixation cross on the screen for
500 ms. The stimulus was presented 500 ms after the disappearance of the cross. After
the participant’s response, the next trial came after a 1500 ms pause

4.3.3 Results

The response to each trial was classified as a hit (H) (correctly recognizing a real word),
a false alarm (F) (mistakenly classifying a non-word as real word), a miss (failing to re-
cognize a real word), or a correct rejection (correctly rejecting a non-word). For each
participant, an A’ (“A prime”) score was calculated for each tone pair across items with
formula (4.1) (see Stanislaw & Todorov (2009)):

sign(H—F) [ (H—F)* +|H - F|)

| 4max(H,F) — 4HF | (4.1

A=05+

A’ is a bias-free estimate of sensitivity to word-non-word classification, which takes
account of both hit rate and false-alarm rate. The range of an A’ score is from 0.5,
which indicates real words cannot be distinguished from non-words, to 1, which cor-
responds to perfect performance in word-non-word classification (Macmillan & Creel-
man, 2004; Stanislaw & Todorov, 2009).

Analyses of A’ scores were performed with a linear mixed-effects model using
R and the Ime4 package (Bates, Maechler, Bolker, & Walker, 2014). For all trials, a
model was constructed with Participant Group (i.e., native Mandarin listeners, begin-
ning Dutch learners, and advanced Dutch learners), Word Pair (i.e., 12 tone pairs and
the segmental condition) and their interaction as fixed effects. Intercepts for Participant
was used as random effect.

For reaction time, the raw RT data was converted to natural-logarithmic RT to
achieve better normalcy. The analysis of log RT was also performed with a linear mixed
effect model using R and the Ime4 package (Bates et al., 2014). A model was construct-
ed with Participant Group, Word Pair and their interaction as fixed effects. Intercepts
for participants and items were entered as random effects. For both models of accuracy
and reaction time, post-hoc comparisons of differences between different levels within
each effect were conducted using the Multcomp package in R with Bonferroni adjust-
ment (Hothorn, Bretz, & Westgall, 2008). The mean A’ scores for each Participant
Group are shown in Figure 4.2 broken down by the twelve tone pairs and the segment-
al condition. The log-transformed RTs for the three groups in different conditions are
similatly presented in Figure 4.3.

For A’ scores (see Table 4.3), there was a significant main effect of Participant
Group and Word Pair. The interaction between Participant Group and Word Pair was
also significant. For RT (see Table 4.3), there was a significant main effect of Particip-
ant Group and of the interaction between Participant Group and Word Pair.
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Table 4.3. Summary of mixed effects models for A’ score and RT.

. A’ score RT (log)
Fixed effects I P I P
Participant Group 27612 <0.001 2 5472 <0.001
Wortd Pair 1210278 <0.001 12 12.64 n.s.

Participant Group X Word Pair 24 1744 <0.001 24 101.58 < 0.001
Random effects

Participant 6 507.38 < 0.001 6 2381 < 0.001
Item 1 847.64 < 0.001
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Figure 4.2. Mean A’ score of three groups of participants for 12 tone pairs and the segmental con-
dition. BL.: beginning Dutch learners of Mandarin; AL: advanced Dutch learners of Mandarin; NM:
native Mandarin listeners. Error bars are T15E.
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Figure 4.3. Mean natural log-transformed reaction time of three groups of participants to 12 tone
pairs and the segmental condition. BL: beginning Dutch learners of Mandariny AL: advanced Duteh
learners of Mandarin; NM: native Mandarin listeners. Error bars are £1SE.

In the segmental control condition, the A’ scores of all three groups significantly differ-
ed from each other (all p values < 0.05). That is, the advanced learners showed a signif-
icant improvement compared with the beginning learners, but still do not perform like
native Mandarins. The mean RTs of beginners and advanced learners did not differ
from each other, but both learner groups responded significantly slower than native
Mandarin listeners (BL vs. NM: Est. = —1.08, ¢ = —8.03, p < 0.001; AL vs. NM: Est. =
—1.15, 3 = —8.94, p < 0.001). In the tonal condition, the three groups demonstrated a
similar pattern in A’ scores compared to that in the segmental control condition. The
advanced learners showed a significant improvement in most tone pairs compared to
the beginning learners (all p values < 0.05), except for the pairs of T2—T3 and T3—-T2,
indicating that the sensitivity to T2 and T3 was still very low and resistant to improve-
ment. The A’ scores of the native Mandarins are significantly higher than those of the
advanced learners in most tone pairs (all p values < 0.001), except for the pairs T2—T4
(Est. = —0.01, = —0.39, p = 1), T1>T3 (Est. = 0.06, = 1.58, p = 0.343) and T1-T4
(Est. = 0.09, = 2.24, p = 0.075). For RT, both learner groups responded significantly
slower than the native Mandarins in all tone pairs (all p values < 0.001). The RTs of the
two learner groups were comparable (all p values > 0.05). Native Mandarin listeners
showed high sensitivity in both the segmental control condition and the tonal condition,
and there was no significant difference between these two conditions for both A’ scores
and RTs. Within the tonal condition, the overall A’ score was high across tone pairs.
Among tone pairs, T4—T1 was the one with the lowest sensitivity score, significantly
lower than T3—T2, T1-T2, T2—-T1, T3-T4 and T4->T3 (all p values < 0.05).
T3—T2 was the one with the highest sensitivity score, significantly higher than that of
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T4-T1 (Est. = —0.13, 3 = —4.39, p < 0.001), T2—-T3 (Est. = 0.11, g = 3.80, p < 0.5)
and T2-T4 (Est. = 0.11, 3 = 3.64, p < 0.05). For each two tones, only T2 and T3
showed a directional difference in sensitivity, with an A’ score for T3—T2 significantly
higher than T2—T3. That is, when T3 was produced as T2, native Mandarin listeners
were more likely to make a correct response than the other way round. In the initial
position, the category of T3 was more well-established than T2. For native Mandarin
listeners, the RT was not significantly different across tone pairs.

For beginning learners, their A’ score in the segmental control condition was
on average higher than in the tone condition. Pairwise comparison showed that the A’
score in the segmental condition was significantly higher than for tone pairs T2—T3,
T3-T2, T1-T4, T2—T1, T3—-T4 and T4->T3 (all p values < 0.05). In the tonal
condition, both A’ scores and RT were comparable among tone pairs.

For advanced learners, the A’ score of the segmental control condition was
comparable with the scores in the tone condition, only significantly higher than that of
T2-T3 (Est. = —0.20, g = —06.68, p < 0.001), T3—»T2 (Est. = —0.20, g = —6.45, p <
0.01) and T2-T4 (Est. = 0.11, z = 3.51, p < 0.05). The RT of the segmental condition
was shorter than that of tone pair T1-T3 (Est. = —0.27, = —3.606, p < 0.05). Among
tone pairs, T2—T4 was the one with the highest A’ score (0.91), followed by T1—-T3
(0.90), T3—=T4 (0.86), T1—=T4 (0.85), T1—-T2 (0.84), T4—T2 (0.80), T3—-T1 (0.74),
T2—-T1 (0.74), T4—T1 (0.72), T4—T3 (0.71), T3—T2 (0.60) and T2—T3 (0.60). Post-
hoc tests demonstrated that the A’ scores of T2—T3 and T3—-T2 were significantly
lower than of other tone pairs (all p values < 0.01). The RT of T2—T3 was significantly
longer than T1-T2 (Est. = 0.34, 3 = 3.58, p < 0.05), T1-T3 (Est. = 0.39, g = 4.09, p
<0.01), T1-T4 (Est. = 0.33, ¢ = 3.49, p < 0.05) and T2—T4 (Est. = —0.34, g = —3.53,
p < 0.05). The response to T3—+T2 was significantly slower than the response to
T1-T2 (BEst. = 0.33, g = 3.45, p < 0.05) and T1—-T3 (Est. = 0.38, £ = 3.97, p < 0.01).
That is, compared to beginning learners, sensitivity to tone information in lexical access
improved for advanced learners, but this improvement was not equally distributed
among tone pairs, with the confusion between T2 and T3 most resistant to improve-
ment. The sensitivity score of T2—T3 and T3—T2 was comparable, indicating that
these two tones were symmetrically confusable: it was equally difficult to make a correct
response when T2 was produced as T3 and vice versa.

It is noteworthy that this is not true for other tone pairs. There was a signific-
ant difference in A’ score between T1—T2 and T2—T1 (Est. = —0.11, g = —3.45, p <
0.05), T1=T4 and T4—-T1 (Est. = —0.13, 3= —4.17, p < 0.01) as well as T1—T3 and
T3—-T1 (Est. = —0.15, g = —4.93, p < 0.01). That is, it was easier for advanced learners
to correctly recognize real words with T1, and to correctly reject non-words with T'1
replaced by T2, T3 or T4 than wice versa. Similarly, there were significant differences
between A’ scores of T2—T4 and T4—-T2 (Est. = —0.11, 3 = —3.66, p < 0.05), T3—-T4
and T4-T3 (Est. = —0.15, = —4.92, p < 0.01), as well as T1—-T4 and T4—T1 (Est. =
—0.13, z = 4.17, p < 0.01). These directional differences show that there is an asym-
metry between T4 and the other three tones. It was more difficult for advanced learners
to make a correct response when T4 was produced as another tone than the other way
round. There was also a trend of shorter RT's in T1—+T2, T1-5T3, and T1-2T4 than to
T2—T1, T3-T1 and T4—>T1 respectively, although these differences did not reach
statistical significance. These asymmetric patterns for T1 vs. other tones and T4 vs.
other tones were only found for advanced learners.
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4.4 Discussion and conclusion

In the present study, we investigated the phonological processing of tonal contrasts and
the role of tone in lexical access by Dutch learners of Mandarin. A clear developmental
path was found by comparing the performance of two learner groups in the sequence
recall task: the advanced learners with more Mandarin experience showed a significant
improvement compared to the beginning learners, approximating the performance of
native Mandarin speakers. The improvement found for the advanced learners can be
explained by the relatively important role of lexical tones in spoken Mandarin. Earlier
research suggested that the perceptual difficulty of some non-native contrasts cannot
only be attributed to the interaction of the L1-L.2 phonological systems, but also came
from the relatively “weak” role of the contrast in the target language. Mora, Keidel and
Flege (2010) demonstrated that even early bilinguals failed to present a native-like
pattern in categorical identification and discrimination tasks using certain vowel con-
tinua. They petceived the high-mid vowel contrasts (/i/-/¢/, /u/-/0/), which exist in
both Spanish and Catalan, more categorically than the mid-mid vowel contrasts (/e/-
/¢/, /o/-/5/), which phonemically contrast only in Catalan. It was argued that such a
persistent difficulty can be attributed to the low functional load of mid vowel contrasts:
the number of minimal pairs involving the contrast /e/-/¢/ is limited. Catalan mid
vowels are also neutralized to /o/ in unstressed syllables. Different from the cases of
lexical stress and /e/-/¢/ leatning, the high functional load makes tone acquisition a
crucial aspect of Mandarin learning. The important role of tone was explicitly pointed
out to the students as part of their training. Moreover, all advanced learners lived at
least one year in China, so the large amount of high quality tonal input they received
may have facilitated the formation of tonal categories.

The result of lexical decision task also showed that, compared to beginners,
advanced learners performed significantly better in correctly identifying real words and
rejecting non-words which were minimally different from real words in tones. That is,
effectively using tones in lexical access is also in function of Mandarin experience.

The improvement of advanced learners in both tasks demonstrated that they
were shaping new selective perception routines, and their phonological mode of tone
processing was in development which is in line with the ASP model (Strange, 2011).
However, it should be noted that the RTs were longer for advanced learners than for
native Mandarin listeners in all conditions, indicating that their L2 selective processing
routines wete still in development and were not as automatic as those of native Manda-
rin listeners.

Despite the general improvement in tone processing between the beginners
and the advanced learners, the tone pair of T2 and T3 remains the most difficult one
and resists improvement, as reflected in both tasks. In the sequence recall task, T2-T3
was also the most difficult pair with the lowest accuracy for all three groups of
participants. The confusion of this tone pair has been attributed to the acoustic
similarity of these two tones in previous studies (e.g., Hao, 2012; Wang et al., 1999).
However, it should be noted that, naturally produced disyllabic non-words were used as
stimuli in the present sequence recall task. T3 in a non-word like di3ka was realized as a
variant with low falling contour. T2 and T3 share some acoustic similarity in citation
form (both have a rising part in the pitch contour), but in connected speech, the low-
falling variant of T3 is different from T2. Therefore, it can be the case that for both
native speakers and learners, multiple variants can co-exist as representations of T3.
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When hearing the low falling T3 variant, the listeners may recover the canonical form
of T3 which bears some acoustic similarity with T2, and this restoration of the canon-
ical T3 may result in the confusion of these two tones.

In the lexical decision task the A’ scotes were very high across tone pairs for
native Mandarin listeners. However, differences among tone pairs still exists. For native
Mandarin listeners, there was an asymmetry for tone pair T2 and T3. They performed
better in recognizing real words with T3 and rejecting non-words in which T3 was pro-
duced as T2 than vice versa. That is, the category of T3 (a low tone) in word initial posit-
ion was more well-established compared to T2 (a rising tone). This might be accounted
for by the fact that an initial low tone can only be perceived as T3 by native listeners,
but an initial rising tone could have two underlying tone forms: T2 or the sandhi form
of T3: according to the tone sandhi rule, T3 becomes a rising tone (which sounds like
T2) when followed by another T3. This may hinder the participants in making correct
responses when T2 is followed by another syllable. However, this hypothesis still needs
to be tested in further experiments with more participants and stimuli. For the two
learner groups, T2 and T3 are mutually confusable in lexical access. This confusion is in
line with the findings of other research (Hao, 2012; Wang et al., 1999).

In the lexical decision task, the confusion for T2 and T3 was bi-directional for
both groups of learners. Comparing to beginning learners, only small improvement was
found in this tone pair for advanced learners. In contrast, larger improvements were
found in other tone pairs. However, for these tone pairs, the confusion of the two
tones was not bi-directional. The advanced learners were significantly more accurate in
recognizing real words with T1 and rejecting non-words in which T1 was produced as
the other three tones than the other way round. That is, the category of T1 had been
relatively well established when compared to the other three tones. Contrastively, it was
difficult for advanced learners to make a correct response when T4 was produced as T1,
T2 or T3, that is, the category of T4 was relatively less well-established when compared
to the other three tones in pairs. These results are potentially related to the prosodic
features of the learners’ native language, since Gandour (1983) showed that compared
to tone-language speakers, intonational language speakers are more sensitive to pitch
height than to pitch direction. Alternatively, such asymmetric tone perception can be
attributed to the influence of intonation patterns in Dutch. The acquisition of tonal
categories can be influenced by similar intonation contours in learners’ L1. The pitch
fall in T4 is similar to the falling pitch accent in Dutch, which is the most neutral form
of pitch accent in Dutch (Gussenhoven, 2005). This similarity may make T4 less mark-
ed for Dutch learners of Mandarin, and therefore Dutch learners might be less attentive
to T4 in the time course of tone acquisition.

In conclusion, the advanced learners showed a significant improvement in
tonal processing at phonological level and using lexical tones in lexical access compared
to beginning learners. This improvement in tone acquisition can be attributed to the
important role of tones in Mandarin. Different tone pairs were not equally difficult to
learners in lexical access, and the source of such differences can be attributed to
acoustic similarity between particular tones as well as interference from L1 supraseg-
mental features.



Chapter five

The role of lexical tonal and segmental
information in spoken word recognition
for Dutch learners of Mandarin

5.1 Introduction

For adult second language learners of Mandarin Chinese, the acquisition of lexical tones
is crucial since tones use pitch information to distinguish lexical meaning. However,
non-tonal learners of Mandarin often find difficulties in tonal processing, since
different pitch movements do not serve a lexically contrastive role in their native
languages. Past studies have shown that experienced and novice Mandarin learners can
gain significant improvement in tone acquisition after perception training (e.g., Hao,
2012; Lu, Wayland, & Kaan, 2015; Wang, Jongman, & Sereno, 2003). However, these
studies largely focus on learners’ performance in simple tonal discrimination and
identification tasks. The role of tones in the time course of auditory spoken word re-
cognition for non-tonal learners has remained much less understood. Can tones be
exploited in spoken word recognition by L2 learners? What is the role of tonal informa-
tion compared to segmental information? This study was therefore designed to examine
the role of tonal information, in comparison to segmental information, in word
recognition by Dutch learners of Mandarin using an online eye-tracking experiment.

5.1.1  Tone processing by native Mandarin speakers

In Mandarin Chinese, tones are used to distinguish lexical meaning, and the role of
tones in spoken word recognition by native speakers has received much attention in
previous studies. Some studies suggest that tone might be a weaker cue in word re-
cognition compared to segmental information. Repp and Lin (1990) found that in a
speeded classification task, tone was accessed later than segment information, as Man-
darin speakers took longer to respond to tonal distinctions than segmental distinctions.
Cutler and Chen (1997) supports this finding by showing that in a lexical decision task,
Cantonese listeners more often accepted a non-word as a real word when the only
difference between the non-word and the word was in tone. Ye and Connine’s study
(1999) shows a similar result. In vowel and tone monitoring tasks without linguistic
context, Mandarin listeners showed faster monitoring times for vowel mismatch stimuli
than for tonal mismatches, which supported a perceptual advantage of vowel informa-
tion. Studies by Sereno and Lee (2014) and Wiener and Turnbull (2016) also report
similar results using direct priming and word reconstruction tasks, respectively. It might
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be the case that the difference between tones and vowels are simply due to the
difference in temporal availability of the cues. Prosody develops more slowly over time
than segmental information, but every cue will be used in word recognition as soon as it
is reliably perceived. The above-mentioned studies mainly recorded the end-state
responses, which are not able to capture the perception of tones in real time.

Recently some studies using online measures such as eye-tracking and event
related brain potentials investigated the dynamics in the time course of word recogn-
ition. Parallel processing of segments and tones was found in these studies, suggesting
the role of tonal information is comparable to that of segmental information. For
example, Schirmer, Tang, Penney, Gunter, and Chen (2005) used event related potent-
ials (ERPs) to investigate the role of tone and segmental information in Cantonese
word processing. Comparing the ERPs elicited by semantically congruous words and by
tonally and segmentally induced semantic violations, they found that both segments and
tones were accessed at a similar point in time and elicited an N400-like negativity (al-
though this task probably tap into a different stage of the word recognition process.
Since semantics work post-access). The ERP study by Malins and Joanisse (2012) offer-
ed further support for the comparable roles of segments and tones, showing that both
segmental and tonal information could be accessed and used as soon as they become
available during word processing. Zhao, Guo, Zhou, and Shu (2011) also reported that
segmental and tonal mismatches equally modulate the amplitudes and time courses of
the N400.

Taken together, the existing literature suggests that tonal information is
exploited in spoken word recognition. It plays an early constraining role in lexical
activation, and word with non-matching tone would not be activated as candidate. This
effect can be captured and revealed more effectively in online measurements with tasks
more similar to real communication situations. Therefore, the eye-tracking method is
employed in the current study to provide a continuous measure of the auditory word
recognition process.

5.1.2  Tone processing by non-tone language speakers

There have also been abundant studies that have tested the perception and production
in beginning Mandarin L2 learners. For example, Wang et al. (1999, 2003) show that
English learners of Mandarin improved their tone identification accuracy in mono-
syllabic words from 69% to 90% after a two-week training. The training-induced im-
provement also generalized to new words and speakers. Other than tones in isolated
syllables, the perception of longer stimuli has also been tested. Hao (2012) found that
both English and Cantonese learners of Mandarin performed better on monosyllabic
tonal identification than on disyllabic identification. Both learner groups showed better
performance on Mandarin tone mimicry than in tone identification and reading-aloud
tasks. Mimicry only involved low-level auditory perception and articulation while the
latter tasks required a more abstract representation of tones. This suggests that the
main difficulty in tone learning is how to establish robust associations between pitch
contours and tone categories.

More recently, the learning of new tonal categories by speakers without prior
tone language learning experience has been tested in several phonetic training studies.
Adopting different training paradigms (perception-only training, perception-plus-pro-
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duction training and sound-to-word training), these studies examined the role of differ-
ent modalities in training (Lu, Wayland, & Kaan, 2015), the distinction between reflect-
ive and reflexive learning (Chandrasekaran, Yi, & Maddox, 2014), the contribution of
individual variability in cue weighting in tone learning (Chandrasekaran, Sampath, &
Wong, 2010), the effect of individual musical experience (Wong & Perrachione, 2007),
as well as the influence of tonal context in tone learning (Chang & Bowles, 2015).
Although the research questions varied across these studies, their results led to a
convergent finding that naive non-native speakers of Mandarin can gain significant
improvement in tonal identification and discrimination with a proper amount of
training, and can learn to use tones in a lexically contrastive way. Some studies also
found a training-induced change in participants’ neural system (Lu et al., 2015; Wong,
Chandrasekaran, Garibaldi, & Wong, 2011). Since most of the studies mentioned above
focused on the learning of lexical tones by naive non-native Mandarin speakers and
beginning learners of Mandarin, the performance of advanced L2 learners and the
developmental trajectory in the time course of tone acquisition have not been studied
systematically. Moreover, L2 processing of tonal information has not been investigated
using on-line methods. Therefore, the current study sets out to examine the role of
tones and segments in auditory spoken word recognition using the Visual World Para-
digm by monitoring the eye movements of both beginners and advanced Dutch learn-
ers of Mandarin.

5.1.3  The present study

An eye-tracking experiment with Visual World Paradigm (VWP) was employed in the
cutrent study to test (1) the relative role of segmental and tonal information in lexical
activation and selection by native speakers and Dutch learners of Mandarin, and (2) the
developmental trajectory for Dutch learners of Mandarin in using segmental and tonal
information effectively in spoken word recognition. Both beginners and advanced
Dutch learners of Mandarin were recruited and native Mandarin speakers were tested as
a control group.

VWP has typically been used in eye-tracking studies to investigate on-line
auditory word recognition (Righi, Blumstein, Mertus, & Worden, 2009; Tanenhaus,
Spivey-Knowlton, Eberhard, & Sedivy, 1995; also see a review in Heuttig, Rommers, &
Meyer, 2011). Many related factors have been tested, such as the effect of frequency
(Dahan, Magnuson, & Tanenhaus, 2001) and neighborhood density (Magnuson, Dixon,
Tanenhaus, & Aslin, 2007). This paradigm has also been employed to test spoken word
recognition by participants with language impairment (e.g., McMurray, Munson, &
Tomblin, 2014; McMurray, Samelson, Lee, & Tomblin, 2010; Mirman, Yee, Blumstein,
& Magnuson, 2011; Yee, Blumstein, & Sedivy, 2008). A recent study also demonstrated
that this paradigm can provide reliable measurement for individual behavior (Farris-
Trimble & McMurray, 2013).

In the VWP task, participants are presented with a display of four pictures and
an auditory stimulus corresponding to one of these pictures, and they are asked to
identify the word (i.e., the target) they heard with their eye movements being tracked
during the whole process. In studies using VWP, the target word is always presented
with a competitor which is phonologically similar to the target, and two phonologically
unrelated distractors. For example, in Allopena, Magnuson, and Tanenhaus (1998),
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participants were presented with a target word (e.g., beaker), a cohort competitor (e.g.,
beetle) (which shares the onset and vowel with the target), and two phonologically
unrelated distractors (e.g., parrot, carriage). The results show that when hearing the
instruction Pick up the beaker, participants tended to look at both beaker and beetle initially.
As the word was unfolding, the target picture gained a greater proportion of looks. A
similar effect was also found for the competitor that shared the rthyme with the target
(e.g., speaker), indicating that listeners continuously extract segmental information from
the acoustic signal and that phonologically similar lexical candidates can be gradually
activated. This result supports the linking hypothesis between eye movements and
lexical access, showing that fixations are time locked to the details of the speech input.
This finding also closely matches the word recognition mechanisms posited by the
TRACE model (McClelland & Elman, 1986), which assumes that when a word is heard,
phonologically similar lexical candidates can be activated at any point in overlap with
the speech input. Speech sounds presented at a feature layer can be mapped onto
phoneme and word layer. With between-layer excitation and within-layer competitive
inhibition, one word can be recognized among phonologically similar lexical candidates.
The model suggests a lateral inhibition among lexical candidates, which can lead to a
delayed activation of the correct target word. Studies using VWP have found evidence
for this mechanism, in which the delayed activation is reflected as a delay in fixation on
the target word (Dahan, Magnuson, Tanenhaus, & Hogan, 2001; Tanenhaus, Magnuson,
Dahan, & Chambers, 2000).

The VWP has also been used in a recent study to examine the role of tonal
information in spoken word recognition (Malins & Joanisse, 2010). In this study,
Mandarin listeners were asked to identify the corresponding picture from four pictures
while hearing a word. Both cohort competitor (sharing word initial phonemes and tone
with the target) and segmental competitor (sharing segmental structure with the target
and differing only in tone) caused slower eye movements to correct targets, indicating
that tonal and segmental information play comparable roles in constraining lexical
activation. Based on this finding and suggestions from previous studies (Malins &
Joanisse, 2010; Ye & Connine, 1999; Zhao, Guo, Zhou, & Shu, 2011), tones have been
incorporated into the TRACE model in a recent simulation of monosyllabic spoken
word recognition of Mandarin Chinese (Shuai & Malins, 2017).

The processing of segmental and tonal information in word recognition by
Dutch learners of Mandarin is tested in the current study. To test the competition
effect of segmental versus tonal cues, the target words are presented with different
types of competitors: cohort competitors sharing the initial consonant and tone with
the target (e.g., chel ‘car’; for the target of chuangl ‘window’); thyme competitors with
rhyme and tone overlap (e.g., gwangl ‘light’); segmental competitors with complete
segmental overlap (e.g., chuang? ‘bed’), and tone competitors with tone overlap (e.g., ji7
‘chicken’). The probability of fixation to the target and competitors was recorded since
it may reflect the activation of the corresponding items.
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5.2 Method
5.2.1  Participants

Fifteen Mandarin control participants and 26 Dutch learners of Mandarin participated
in the experiment (11 beginners and 15 advanced learners). The native Mandarin
control comprised 5 males and 10 females (mean age = 26.9, SD = 2.5). All were from
the Northern part of China and spoke Standard Chinese on a daily basis. All Dutch
learners of Mandarin received formal Chinese training from the Chinese Studies pro-
gram at Leiden University. The beginner group consisted of 4 males and 7 females
(mean age = 20.1, SD = 2.3). Their Mandarin learning and speaking experience varied
between 0.5 and 2 years (mean = 1.2, SD = 0.5), and they had never lived in China. The
other 15 participants (4 males and 11 females; mean age = 23.5, SD = 3.0) were ad-
vanced Mandarin learners, who had Mandarin experience between 3 and 14 years
(mean = 4.9, SD = 2.6), and had spent at least one year in China.

5.2.2  Material
The stimuli in the eye-tracking experiment consisted of 12 sets of monosyllabic Manda-

rin words (Table 5.1).

Table 5.1. Experimental stimuli.

target segmen'tal cohort . thyme . tonal competitor
competitor competitor competitor

T1-T2 chuangl window  chuang2 bed chel  car gnangl  light Jil chicken
T2-T1 tang?  sugar tangl  soup  ton2  head wang?  king chuan2 boat
T1-T3 shul  book shu3  mouse shanl mountain ghu!  pig dengl  lamp
T3-T1 bing3  pie bingl  ice ben3  notebook ying3  shadow san3  umbrella
T1-T4 hual  flower  huat4  painting heil  black gnal  mellon  xinl  heart
T4-T1 xia4  summer xial  shrimp xiand thread Jiad shelf yao4  medicine
T2-T3 yu2 fish yu3 rain yun2  cloud Ju2 orange  pan?  plate
T3-T2 bi3 pen bi2 nose  ben3 notebook i3 rice gou3  dog
T2-T4 ¢i2 flag qi4 gas qiao2  bridge 42 pear yang?  sheep
T4-T2 mao4  hat mao2  fur miand noodle  yao4  medicine #4  rabbit
T3-T4 shu3  mouse  shud  tree shou3 hand tn3 dirt yan3  eye
T4-T3 diand _ electricity dian3 _ point  dound _bean miand  noodle  /ud road

Each word set includes one critical word e.g., chuangl “‘window’ and four competitors
similar to the design in Malins & Joanisse, (2010). The segmental competitor shared all
phonemes with the critical word, but differed in tone e.g., chuang? ‘bed’; the cohort
competitor shared the initial consonant and tone, but differed in the rest of the syllable
e.g., chel ‘car’; the rhyme competitor shared the rime and tone, but differed in initial
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consonant, e.g., guangl ‘light’;¢ the tonal competitor shared the tone, but differed in all
phonemes, e.g., i1 ‘chicken’. Since the contribution of tonal information in word re-
cognition is one of the main issue we would like to examine, the stimuli (critical word-
segmental competitors) in the current study cover all 12 possible tone contrasts (see
Table 5.1 leftmost column) to get rid of the perception variability between tone pairs.
The pair T2 versus T3 is more confusable than other tone pairs to discriminate for
native Mandarin speakers (Bent, 2005; Shuai & Malins, 2017; Zhang, Samuel, & Liu,
2012). For 1.2 learners of Mandarin, the pairs of T2 vs. T3 as well as T1 vs. T4 are also
more confusable than other tone pairs (Hao, 2012; Wang, Jongman, & Sereno, 1999;
Wang, Sereno, Jongman, & Hirsch, 2003).

The word frequencies, as computed with SUBTLEX-CH (Cai & Brysbaert,
2010), do not differ significantly across critical words and competitors [#56) = 0.897, p
= 0.38]. The competitor conditions do not differ from each other, either [F(3,44) =
1.62, p = 0.20]. All stimuli were recorded by a female native Mandarin speaker from
Beijing. The recording was made through a Sennheiser MKH416T microphone in the
Leiden University Phonetics Lab (44.1 kHz, 16 bit). All the words used as stimuli are
unambiguously picturable nouns. A black-white line drawing was selected for each
word with the assistance of a native Mandarin speaker and a native Dutch speaker to
make sure the pictures can appropriately depict their intended words.

5.2.3 Procedure

Participants were tested individually in a sound-attenuated room in the Leiden Univers-
ity Eye-tracking Lab. Before the eye-tracking recording, there was a familiarization
session to ensure that participants were familiar with all the stimuli. In this session, they
were first shown the stimulus list with pictures and words in pinyin. Then in a picture-
naming task, they were presented with all the pictures in random sequence and were
instructed to name each picture aloud. If the responded name was different from the
word intended for the experiment, participants were given the intended name and were
asked to say the name again.

In the subsequent eye-tracking session, participants performed an auditory-
visual picture matching task and the eye movements were recorded using an Eyelink
1000 device with a 16mm lens with a 500-Hz sampling rate. A 24-inch Ben(Q X1.2410T
monitor was used to display visual stimuli. The participants were seated before the
screen with a chin and forehead rest set. Their eyes were set at a distance of 69cm from
the screen. Gaze position was calibrated with a 9-point grid prior to the test, and there
was a drift check before each trial. On each trial, the participants were presented with a
four-picture display. To ensure the non-overlapping of the parafoveal view in picture
looking, the stimulus size and position were calculated and adjusted according to the
size of the screen with a resolution of 1920 X 1080 pixels. The size of each picture was
5 X 5 cm, subtending a visual angle of approximately 6 degrees (Li, 2016; Miellet,
O’Donnell, & Sereno, 2009). The four pictures in each experimental trial contained a
target, a phonological competitor (one of the four competitor conditions: segmental,
cohort, thyme and tone), and two phonological-unrelated distractors (Figure 5.1). The

¢ We followed the conventional analysis of the Chinese syllable structure in treating the /u/ in
giang and gna and /i/ in xian, jian, mian as part of the rhyme (e.g., Lee & Zee, 2003).
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competitor in the baseline trial shates no phonological similarity with the target. That is,
the targets were presented with the other three phonologically unrelated words in this
condition. The position of the target and competitor was counterbalanced across trials
to ensure the target occurred equally often in each cell position. The relative position of
the target and competitor (adjacent or opposite) in each four-picture display was also
counterbalanced across trials. At the beginning of each trial, a fixation cross (“+7)
appeared in the centre of the screen for 500 ms. Then, a four-picture display was
presented on the screen. Concurrently, an auditory word was presented over a Beyer
DT-770 Pro dynamic headphone at a constant and comfortable hearing level. Particip-
ants were instructed to first look at the fixation cross and then to select the word they
heard by mouse clicking on the corresponding picture. After the participant’s response,
the next trial proceeded after a 1000-ms pause.

Figure 5.1. Example of the visual stimulus display, including a target chuangl “window’, a cobort
competitor chel “car’, and two phonological unrelated distractors ben3 “notebook’ and xiané “thread’.

The eye-tracking task consisted of 6 blocks of 72 trials, i.c., 432 trials in total. Among
these, 384 were experimental trials (96 trials X 4 repetitions) and 48 (12 trials X 4
repetitions) were baseline trials. The 96 experimental trials were built for each type of
competitor. In half of the trials, the relationship between the target and its competitors
was as listed in Table 5.1. The others were reciprocal trials, in which the relationship of
the targets and competitors were inverted so that the probability of hearing targets or
competitors on any given trial was the same. The order of the trials was randomized
across participants, and in each block, the same target word did not appear more than
three times. Six trials were presented before the main experiment as a warming-up.

5.2.4  Data analysis

In each trial, the visual display was divided according to the areas of the four items (i.e.,
target, competitor and distractors), and only looks within the corresponding areas were
included in analyses. The proportion of looks to targets was calculated at each time
point. The reciprocal trials were excluded form data analysis, leaving only the trials in
which target words were heard. Trials in which participants failed to respond or
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selected items other than the target were also excluded from the analyses of eye
movements (102 out of 9,840 trials). Moreover, the trials in which participants did not
initially look at the fixation cross were also left out (78 out of 9,840 trials). Eye
movement data was analyzed from 200 ms to 1400 ms after stimulus onset. The start-
ing point was chosen since it takes about 200 ms to launch an eye movement (Altman
& Kamide, 2004; Hallet, 1986). The upper limit was chosen to capture the point at
which the proportion of looks for the target word reached maximum for the learner
groups (Malins & Joanisse, 2010). The data recorded at 2-ms intervals was resampled so
that the proportion of looks was calculated every 16 ms (62.5 Hz), comparable with the
sampling rate used in Malins and Joanisse (2010). The plotting of the proportion of
looks was also based on the data of 62.5 Hz.

The statistical analysis of the eye movement data curves was conducted with
growth curve analysis (GCA) (Mirman, 2014; Mirman, Dixon, & Magnuson, 2008) with
linear mixed modeling in R. Using GCA, the changing of the gaze distribution probab-
ility over time was captured and fitted using four-order orthogonal polynomials. The
intercept term indicates the average overall fixation proportion; the linear term indicates
a monotonic change in the general direction of the curve, while the quadratic, cubic and
quartic terms tend to reflect the minor details of the steepness of the curve (Mirman,
Dixon, & Magnuson, 2008; Malins & Joanisse, 2010). In the base linear mixed model,
the only fixed effect was Time (up to the fourth-order polynomial), and the random
effect included the by-Subject and by-Item (different tone pairs, level = 12) intercepts.
Other fixed effects were added in a stepwise fashion. Only the effects that significantly
improved the model fit were kept. Post-hoc comparisons were conducted using the g/b¢
function with Bonferroni adjustment in the Multcomp package in R (Hothorn, Bretz, &
Westgall, 2008).

5.3 Results
5.3.1 Behavioral results

Mean accuracy for mouse clicking and reaction time (measured from the onset of the
stimulus) are shown in Table 5.2. For native Mandarin speakers, A repeated measures
ANOVA showed that the main effect of condition was not significant for both accur-
acy and RT (both p values > 0.05). A significant main effect of condition on accuracy
was found for beginning learners [F(4, 40) = 16.18, p < 0.001]. They were significantly
less accurate in the segmental condition than in the other conditions (all p values < 0.05
in post-hoc analysis). A significant main effect of condition on RT was also found for
beginners [F(4, 40) = 12.04, p < 0.001]. They were significantly slower in the segmental
condition compared to the other conditions (all p values < 0.05). The advanced learners
were also less accurate in the segmental condition, which was reflected by a significant
main effect of condition [F(4, 56) = 18.11, p < 0.001]. Post-hoc analysis showed signif-
icant differences between the segmental condition and the other conditions (all p values
< 0.001). A significant main effect of condition on RT was also found for advanced
learners [F(4, 56) = 30.43, p < 0.001], and the post-hoc comparison showed that the RT
in the segmental condition was significantly longer than all the other conditions (all p
values < 0.01).
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Table 5.2. Mean accuracy and reaction time for picture identification for three groups of participants.
Standard deviations are shown in parentheses.

Condition Accuracy (%) RT (ms)
NM BL AL NM BL AL

Baseline 100.0 (0.0) 97.9 (4.6) 100.0 (0.0) 1265.7 (107.0) 2189.4 (659.7) 1603.9 (317.3)
Cohort ~ 100.0 (0.0) 957 (8.0) 99.7 (0.6) 1292.7 (134.8) 2213.4 (626.2) 1565.5 (241.3)
Rhyme  99.7 (0.8) 961 (5.1) 992 (0.8) 1367.0 (141.2) 2330.1 (619.2) 1680.0 (296.1)
Segmental 99.6 (0.9) 83.0 (15.2) 94.0 (5.2) 1358.0 (139.4) 2486.6 (676.2) 1874.5 (311.0)
Tonal 99.9 (0.3) 97.9 (4.5 100.0 (0.0) 1289.5 (114.6) 2088.8 (574.1) 1608.6 (277.2)
5.3.2  Fixation analysis for different participant groups

For the fixation data of three groups of participants in four conditions, linear mixed
models were built for both target looks and competitor looks. Both models had Time
(up to the fourth-order component), Group (native Mandarin speakers, beginning
learners, advanced learners), Competitor Condition (baseline, segmental, cohort, thyme,
tonal) and their interactions as fixed effects. By-subject and by-item intercepts were
entered as random effects. The statistical results of the fixed effects are presented in
Table 5.3.

Table 5.3. Summary of fixed effects for the models of Looks to target and 1ooks to competitor.

Looks to target Looks to competitor

Fixed effects

if 7 p A 7 )2
Linear component 1 46869.0 <.001 1 122.0 <.001
Quadratic component 1 39748 <.001 1 6377.2 <.001
Cubic component 1 3541.8 <.001 1 42015 <.001
Quartic component 1 586.2 <.001 1 36.0 <.001
Group 2 51.8 <.001 2 337 <.001
Condition 4 272.3 <.001 4 1778.6 <.001
Group: Condition 8 211.8 <.001 8 512.4 <.001
Group: Time components 8 13042.0 <.001 8 22248 <.001
Conditon: Time components 16 24477 <.001 16 17355 <.001
Group: Condition: Time components 32 257.6 <.001 32 543.1 <.001

For the native Mandarin speakers, the proportion of looks to target as a function of
time gradually ramped up and reached the maximum of approximate 90% around 1100
ms in all conditions, exhibiting a sigmoidal curve. The proportion of looks to target in
the segmental condition (Figure 5.24) showed a slightly delayed raising pattern and
reached the maximum later than that in the baseline condition, but this difference was
subtle and only the quadratic component reached significance (Est. = 0.10, ¢ = 3.58, p
< 0.05). The proportion of looks to the competitor in the segmental condition ex-
hibited a higher peak compared to the baseline condition, as suggested by significant
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difference in intercept (Est. = 0.01; 3 = 6.85, p < 0.001). The delay in target looks and
the high proportion of looks to the competitor in the segmental condition indicated
that segmental overlaps competed for lexical activation. Figute 5.26 compares the
cohort and the baseline conditions. The looks to target in the cohort condition differed
significantly from the baseline condition only in the cubic component (Est. = —0.16, %
= —5.65, p < 0.001). The looks to competitor, however, did not differ significantly
between cohort and baseline conditions, indicating that the participants did not launch
more looks to cohort competitors than to the baseline condition.
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Figure 5.2. Mean proportion of looks to the target (solid line) and the competitor (dotted line) in
different conditions averaged across participants and items for native Mandarin speakers. The
segmental, cobort, rhyme and tonal conditions were plotted against the baseline condition for comparison.

As shown in Figure 5.2¢, for native Mandarin speakers, the thyme condition showed a
lower proportion of looks to the target than the baseline condition during the entire



CHAPTER FIVE: TONAL AND SEGMENTAL INFORMATION IN WORD RECOGNITION 95

processing time, as indexed by significant differences in the mean height (Est. = —0.02,
2= —5.22, p < 0.001). The greater looks to rthyme competitor compared to baseline in
the initial part also complemented the pattern found in the target looks. There was an
early peak at ca. 350 ms for looks to competitor, while the rate of looks to the rhyme
competitor was even higher than that to target in the time window between 200 and
500 ms, indicating a strong competition effect. Significant differences between compet-
itor looks in rhyme and baseline conditions were found in overall height (Est. = 0.01, %
= 5.16, p < 0.001), the linear component (Est. = —0.08, 3 = —4.59, p < 0.001) and the
quadratic component (Est. = 0.12, = 7.16, p < 0.001). In the tonal condition, looks to
target were not significantly different from baseline in any aspect. Looks to competitor
only differed significantly from baseline in the quadratic (Est. = 0.07, ¢ = 4.03, p < 0.01)
component, which indicated that competitors only sharing tonal information cannot be
activated effectively to compete with the target during word recognition.

It should be noted that both rhyme and segmental competitors received
higher proportion of looks than the baseline condition, indicating a competition effect
from both of them. Compared to the thyme competitor, the fixation curve of the
segmental competitor exhibited a significantly lower and delayed peak (linear com-
ponent: Est. = 0.12, = 6.70, p < 0.001; quadratic term: Est. = —0.11, = —06.55, p <
0.001), indicating that the mismatch in tone was used to constrain the activation of the
incompatible lexical candidate.

Figure 5.3z shows that for beginning learners, the proportion of looks to
target in the segmental condition diverged from baseline from 700 ms, presenting a
lower increasing rate than baseline, which was reflected by a marginally significantly
different intercept (Est. = —0.01, ¢ = —3.18, p = 0.07) between these two conditions.
There is also a greater rate of looks to competitor in the segmental condition than the
baseline condition, which is confirmed by a significantly different overall height (Est. =
0.04, z = 20.35, p < 0.001) and quadratic component (Est. = —0.14, 7 = =7.49, p <
0.001). The proportion of looks to segmental competitor remained high (about 20%)
during the whole trial, which reflected the beginners’ difficulty in distinguishing
minimal tone pairs. Figure 5.35 shows that the proportion of looks to target increased
faster than baseline before 800 ms. After 800 ms, the increase became slower and the
target looks in the cohort condition reached its maximum later than the baseline
condition. A significantly different cubic component (Est. = 0.16, z = 5.15, p < 0.001)
was found between the baseline and the cohort conditions. For the proportion looks to
competitor, the beginning learners did not launch more looks to competitor in the
cohort condition than in the baseline condition. There were even fewer looks to cohort
competitor between 400 and 800 ms compared to the baseline condition. The post-hoc
comparison showed no significant difference in competitor looks in any aspect between
these two conditions. As shown in Figure 5.3¢, there is clearly smaller proportion of
looks to the target in the rhyme condition than in the baseline condition, which is
supported by significant overall height (Est. = —0.01, g = —4.05, p < 0.01), quadratic
component (Est. = 0.11, ¢ = 3.51, p < 0.05), and cubic component (Est. = 0.24, z =
7.73, p < 0.001). There was also a greater proportion of looks to competitor in the
rhyme condition than baseline, confirmed by a significant overall height (Est. = 0.02, g
= 9.55, p < 0.001), linear component (Est. = —0.34, = —17.97, p < 0.001) and quartic
component (Est. = —0.11, g = —5.95, p < 0.001) between these conditions. The rate of
looks to the competitor was even higher than to the target between 200 and 500 ms,
indicating a strong competition from the rthyme competitor. The proportion of looks to
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target in the tonal condition showed an early and lower peak compared to the baseline
cutrve (Figure 5.34), as reflected by a significant difference in the linear component (Est.
= —0.11, = —3.51, p < 0.05), the quadratic component (Est. = —0.11, 3 = —3.65, p <
0.05), and the cubic component (Est. = 0.19, ¢ = 6.18, p < 0.001). The general pattern
of proportion of looks to the competitor was similar between the tonal and the baseline
conditions, with significant differences only in the linear component (Est. = —0.09, 3=
—4.74, p < 0.001) and the cubic component (Est. = —0.07, 3 = —3.53, p < 0.05).
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Figure 5.3. Mean proportion of looks to the target (solid line) and the competitor (dotted line) in
different conditions averaged across participants and items for beginning Dutch learners of Mandarin.
The segmental, cobort, rhyme and tonal conditions were plotted against the baseline condition for com-
parison.
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Figure 5.4a shows that for advanced learners, there was a less proportion of looks to
the target in the segmental condition than baseline for the whole trial, as suggested by
significant difference in the overall height (Est. = —0.05, 3 = —17.93, p < 0.001), the
linear component (Est. = —0.15, z = —5.59, p < 0.001) and the quadratic component
(Est. = 0.16, £ = 6.006, p < 0.001). The fixation curve of the segmental competitor was
higher than baseline for the whole trial, complementing the pattern found in the target
curve.
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Figure 5.4. Mean proportion of looks to the target (solid line) and the competitor (dotted line) in
different conditions averaged across participants and items for advanced Dutch learners of Mandarin.
The segmental, cobort, rhyme and tonal condition was plotted against the baseline condition for com-
parison.
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Significantly different overall height (Est. = 0.06, z = 31.59, p < 0.001), linear com-
ponent (Est. = 0.13, 7 = 8.10, p < 0.001), quadratic component (Est. = —0.25, 7 =
—15.15, p < 0.001) and quartic component (Est. = 0.15, z = 9.03, p < 0.001) were
found in the competitor curves between these two conditions. The lower rate of looks
to target and higher looks to competitor combined to indicate a strong competition
effect for segmental competitor. Compared to native Mandarin speakers, tonal inform-
ation cannot be used effectively by advanced learners to inhibit the prosodically incom-
patible candidate. As shown in Figure 5.44, there was a smaller proportion of looks to
target in the cohort condition than baseline during the whole trial, reflected in signific-
antly different overall height (Est. = —0.03, = —9.71, p < 0.001). The cutrve for the
cohort competitor, however, did not differ significantly in any aspect compared to
baseline. Figure 5.4¢ presents that for the whole trial, the proportion of looks to the
target in the rhyme condition was smaller than that in the baseline condition, which was
confirmed by significant differences in the overall height (Est. = —0.02, = —8.09, p <
0.001) and the quadratic component (Est. = 0.09, z = 3.58, p < 0.05). The proportion
of looks to the competitor in the rhyme condition was greater than baseline, showing a
peak between 300 and 400 ms. This was confirmed by a significant difference in the
overall height (Est. = 0.02, = 8.36, p < 0.001), linear component (Est. = —0.21, ¢ =
—12.96, p < 0.001), quadratic component (Est. = 0.11, z = 6.56, p < 0.001) and quartic
component (Est. = —0.09, ¢ = —5.33, p < 0.001). The smaller proportion of looks to
the target and greater proportion of looks to the competitor indicated a strong compet-
ition effect exerted by the rhyme competitor. For the tonal condition (Figure 5.44), the
proportion of looks to target showed a faster increase than baseline before 950 ms,
which is reflected by a significantly different quadratic component (Est. = —0.10, ¢ =
—3.69, p < 0.05). The curve of the tonal competitor was not significantly different from
baseline in any aspect. The greater proportion of looks to target in the tonal condition
than baseline and the lack of difference in competitor looks combined to indicate that
for advanced learners, the competitor with only tonal overlap cannot be activated and
compete directly with the target during word recognition.

Moreover, compared to the rhyme competitor, the looks to the segmental
competitor showed a significantly lower and delayed peak intercept (Est. = 0.04, ¢ =
23.21, p < 0.001), linear component (Est. = 0.35, z = 21.04, p < 0.001) and quadratic
component (Est. = —0.36, = —21.68, p < 0.001), which suggested that the mismatch
in tonal information slowed down the activation of the segmental competitor.

5.3.3 Comparison of fixation results across participant groups

Figure 5.5 illustrates the developmental path in proportion of looks to target in differ-
ent conditions.
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Figure 5.5. Mean proportion of looks to target in different conditions. The data from three participant
groups are plotted together for comparison.

The proportion of looks to target in the native Mandarin speakers was significantly
greater than for the two learner groups in all conditions, as suggested by significant
differences in overall height, linear component and quadratic component (all p values <
0.01). Within the two learner groups, the advanced learners obtained a higher proport-
ion of looks to target than the beginners in all conditions. In the baseline condition, the
target looks of the advanced learners kept rising during the whole trial, while for the be-
ginners, the proportion of looks to target reached a plateau of 50% at approximately
1100 ms. This discrepancy between the two learner groups was also suggested by signif-
icant differences in the intercept, linear, quadratic and cubic components (all p values <
0.01). In the cohort condition, the proportion of looks to target increased more rapidly
for the advanced learners than beginning learners, indexed by significant differences in
linear component (Est. = —0.53, = —18.56, p < 0.001) and cubic component (Est. =
0.09, z = 3.16, p < 0.05) between the two groups. The advanced learners also showed a
faster increase than beginners in the proportion of looks to target in the rhyme condit-
ion, as suggested by a significant difference in the linear component (Est. = —0.57, 3=
—20.05, p < 0.001), quadratic component (Est. = 0.11, = 3.97, p < 0.01) and cubic
component (Est. = 0.14, ¢ = 4.89, p < 0.001). In the segmental condition, the proport-
ion of looks to target only differed significantly between the learner groups in the linear
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component (Est. = —0.33, = —11.63, p < 0.001). For tonal condition, the proportion
of looks to target for advanced learners was larger than that of the beginners and
showed a continuously rising tendency during the trial. This difference was confirmed
by significantly different overall height (Est. = —0.09, 3 = —3.19, p < 0.05), linear com-
ponent (Est. = —0.68, ¢ = —23.54, p < 0.001) and quadratic component (Est. = 0.09,
= 3.02, p < 0.05). Taken together, the advanced learners exhibited a larger proportion
looks to target than beginning learners in almost all conditions, and approximated the
performance of native Mandarin speakers.
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Figure 5.6. Mean proportion of looks to competitor in different conditions. The data from three parti-
cipant groups are plotted together for comparison.

For native Mandarin speakers (Figure 5.6), the competitor look reached its maximum at
ca. 400 ms, and then declined rapidly as the auditory stimulus unfolded in all conditions.
The higher and eatly peak in the rhyme condition indicated that the competitor with
rhyme and tone overlaps was fully activated to compete for recognition. The segmental
competitor shared rthyme with the target but differed in tone. Compared to the rhyme
competitor, the curve of the segmental competitor exhibited a lower and later peak. For
the two learner groups, there was also an early peak for the proportion of looks to com-
petitor, but the competitor looks did not decline rapidly. The post-hoc comparison
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showed significant differences between native speakers and the learner groups in the
overall height and linear component in all conditions (all p values < 0.05). Within the
two learner groups, the proportion of looks to competitor for beginners was greater
than the advanced learners in the baseline condition (intercept: Est. = 0.04, 3 = 3.08, p
< 0.05; linear component: Est. = 0.17, z = 9.86, p < 0.001; quadratic component: Est.
= 0.06, = 3.16, p < 0.05). The competitor looks between the two learner groups also
differed significantly in the cohort condition (linear component: Est. = 0.15, ¢ = 8.52, p
< 0.001; quadratic component: Est. = 0.07, ¢ = 4.24, p < 0.001; cubic component: Est.
= —0.05, z = —3.03, p < 0.05) and rhyme condition (intercept: Est. = 0.04, ¢ = 3.50, p
< 0.01). In the segmental condition, the proportion of looks to competitor was high for
both learner groups (about 20%), indicating a great difficulty in discriminating minimal
tone pairs. Significant differences were found between the learner groups in the linear
(Est. = 0.09, z = 5.38, p < 0.001) and quadratic components (Est. = 0.16, 3= 9.11, p <
0.001). In the tonal condition, the proportion of looks to competitor decreased more
rapidly for advanced learners than for the beginners, which was reflected by a signific-
ant difference in the linear component (Est. = 0.08, ¢ = 4.27, p < 0.001).

5.4 Discussion and conclusion

In this study, eye-tracking with the Visual World Paradigm was used to investigate the
competition effect of segmental versus tonal information and their role in constraining
lexical access by native Mandarin speakers as well as for Dutch learners of Mandarin.
The results show that for native Mandarin speakers, rhyme competitors com-
peted for lexical activation, as was reflected by a lower proportion of looks and slower
eye movements to targets, as well as a greater proportion of looks to competitors com-
pared to baseline condition. The cohort competitors, however, did not show strong
competition effects. Native Mandarin speakers did not launch more looks to cohort
competitors than in the baseline condition, suggesting that the cohort competitor was
not activated enough to compete for recognition. This result is not in line with Malins
and Joanisse (2010), who found a strong competition effect for cohort competitors.
Such divergent result may be caused by different experimental procedures. In Malins
and Joanisse’s study, the visual stimulus was presented 1500 ms before the auditory
stimulus so that participants could preview the four pictures during that time. As a re-
sult, the names of the pictures were already encoded during the preview and were ready
to be mapped when the word was made audible. In that case, participants can be very
sensitive to the onset of the speech input, which explains the strong competition effect
of the cohort competitor in their study. As suggested by Tanenhaus et al. (2000), in a
task with long preview time, participants may encode the scene and hold it in working
memory for later matching with the auditory input and therefore “bypass” normal
lexical processing. So, in our experiment, the visual and auditory information was pre-
sented concurrently to directly test real-time lexical processing. Since the duration of
the initial consonant was short, when processing the pictures, the participants heard the
rhyme part in the meantime. Given that the rhyme competitor was matched with the
target in both rhyme and tone, it was activated adequately for competition. This finding
is also consistent with the prediction of continuous evaluation of the unfolding speech
by the TRACE model. The proportion of looks to the competitor in the segmental
condition exhibited a higher peak compared to the baseline condition, indicating that



102 TING ZOU: PRODUCTION AND PERCEPTION OF TONE BY DUTCH LEARNERS

the segmental competitor was activated to a small extent. In the tonal condition, native
Mandarin speakers did not launch more looks to the competitor than baseline, indicat-
ing that the tonal competitors were not sufficiently similar to the target word, and were
not activated enough to compete for recognition. Among conditions, the cutve of
segmental competitor exhibited a lower and delayed peak compared to the curve of
rhyme competitor, indicating the non-matching tonal information constrained the
lexical activation of segmental competitors. The rhyme competitor was activated ad-
equately in that it shared both rhyme and tonal information with the target. The
segmental competitor, which only shared the rhyme part with the target but differed in
tone, was less activated. This result indicates that for native Mandarin speakers, tones
play an eatly constraining role. As the input unfolded, only those candidates matching
the input both in segmental and tonal information (i.e., the rhyme competitor) were
activated. Segmental competitors with non-matching tonal information were not activ-
ated in the early stage.

Compared to the native Mandarin speakers, both groups of learners generally
showed less target activation and increased competitor activation across all conditions,
which was reflected in lower peaks and much slower increasing rates of fixation to the
targets, as well as higher peaks in the curves of fixation to the competitors and more
fixation to the competitors toward the end of the time course.

Among conditions, the rhyme competitor, which shared both rhyme and tonal
information with the target, was activated most to compete with the target for both
learner groups. The segmental competitor, which shared the rhyme part with the target
but differed in tone, also received a high proportion of looks, but activated less and
later than the rhyme competitor. This suggests that, similar to native speakers, tonal in-
formation was exploited during word recognition by both beginners and advanced
learners of Mandarin. The non-matching tonal information was used effectively to con-
strain lexical activation in an early stage. For both learner groups, there was a high
plateau in the curve of the segmental competitor in the later part of the trial. This in-
dicated although the learners could use tonal information in the early stage for con-
straining lexical access, they still experienced great difficulty in deciding between
minimal tone pairs. They were less confident with their choice between the target and
the segmental competitor and launched more looks to the segmental competitor during
the whole trial compared to the other conditions. In the cohort and tonal conditions,
the eye movements to target were slower compared to the baseline condition, but the
proportion of looks to competitor was not significantly greater than baseline, suggest-
ing that the cohort and tonal competitors were not activated enough for lexical com-
petition for either group of learners.

Moreover, a clear developmental path was observed by comparing the per-
formance of the beginning and the advanced learners. The advanced learners generally
showed a higher proportion of looks to the target and fewer looks to the competitor in
all conditions, suggesting that they could activate the correct targets and suppress the
competitors to a greater extent.

In conclusion, eye-tracking result suggests that native Mandarin speakers use
tonal information effectively to constrain lexical activation in an early stage, similar to
the way they exploit thyme information. Beginning and advanced Dutch learners of
Mandarin generally showed fewer fixations to the target and more looks to the com-
petitor in the baseline, cohort, thyme, segmental and tonal conditions, indicating the
target was not fully activated and the competitor was not fully suppressed compared to
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native speakers. Similar to native Mandarin speakers, both rthyme and tonal information
was used by Dutch learners of Mandarin in an eatly stage to inhibit the activation of in-
compatible lexical candidates. Compared to beginning learners, significant improve-
ment has been found for advanced learners into the native direction.






Chapter six

Conclusion

This dissertation presents results of four experiments which investigated various
aspects of the production and perception of lexical tones by beginning and advanced
Dutch learners of Mandarin as well as the developmental trajectory in their L2 tone
acquisition.

6.1 Recapitulation of research questions

In connected speech, tones can be influenced by the preceding and following tones and
show coarticulated f0 realizations which are different from the canonical contours
when produced in isolation. Such deviant fO shapes of coarticulated tones also make it a
great challenge for adult non-tonal L2 learners to achieve native-like tone production.
Previous research on tonal coarticulation has mainly focused on the directionality
(carryover or anticipatory), the nature (assimilatory or dissimilatory), and the magnitude
of contextual effects on tonal production by native speakers. However, no systematic
empirical research has been devoted to the underlying mechanisms of tonal coarticul-
ation and the acquisition of coarticulated patterns by L2 learners of Mandarin. Whether
fine-grained phonetic details such as tonal coarticulation patterns can be acquired by L2
learners is still not clear. So, Chapter 2 in the current dissertation examined disyllabic
tonal coarticulation in native Mandarin speakers as well as beginning and advanced L2
learners in a reading-aloud task under cognitive load, based on two research questions:

(1)  What are the underlying mechanisms of tonal coarticulation for native speakers
and L2 learners?

(2) What is the developmental trajectory in the acquisition of fine-grained phonetic
details in tonal coarticulation for 1.2 learners?

In terms of tone perception, previous studies have demonstrated that non-tonal 1.2
learners can be trained to improve their ability in tonal identification and discrimination,
but how they learn to use pitch information in lexical contrastive way and form new
tonal categories is still less understood. Therefore, Chapter 3 in this thesis tested begin-
ning and advanced Dutch learners of Mandarin as well as native Mandarin and native
Dutch speakers in an ABX matching-to-sample test, aiming to reveal whether L2 learn-
ers can redistribute their attention to segments and tones and develop a more integral
processing of these two kinds of information like native Mandarin speakers, as well as
the developmental trajectory in these processes during the period of Mandarin acquis-
ition.
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Previous findings generally show a good performance of 1.2 learners of Man-
darin in basic identification and discrimination tasks, in which phonetic mode of pro-
cessing can be employed to focus on phonetic details. However, in cognitively demand-
ing tasks more like real communication situations, listeners are not likely to rely on fine-
grained phonetic details and have to use “automatic selective perception routines”
(Strange, 2011) to detect phonologically contrastive tonal information. The
performance of L2 learners in demanding tasks requiring phonological mode of pro-
cessing has not been tested before. To our knowledge, another crucial issue in L2 tonal
acquisition, learning to use tonal information in lexical access, has also not been system-
atically investigated. Therefore, Chapter 4 employed a cognitively demanding sequence-
recall task and a tonal lexical decision task to answer two additional questions:

(3) To what extent can advanced Dutch learners of Mandarin achieve a native-like
pattern in phonological processing of tonal contrasts?

(4) Can lexical tones be used properly in lexical activation by Dutch learners of Man-
darin?

The developmental trajectory observed in Chapter 4 suggests that for Dutch learners of
Mandarin, tonal information can be exploited in lexical access. However, the time
course of lexical activation and the relative role of segmental and tonal information in
speech recognition in L2 learners remained an interesting issue to explore. Chapter 5
therefore employed an eye-tracking experiment with the Visual World Paradigm to
investigate the relative role of segmental and tonal information in lexical activation by
native Mandarin speakers and Dutch learners of Mandarin, as well as the developmental
trajectory for Dutch learners of Mandarin in using segmental and tonal information in
spoken word recognition.

6.2 Results of individual chapters

Chapter 2 examined disyllabic tonal coarticulation in native Mandarin speakers and L2
learners. For native Mandarin speakers, the result suggested that tonal coarticulation is
bidirectional. The carryover effect exerted by the offset of the initial tones exhibited an
assimilatory nature: this effect was strong and the influence could still be seen at least
two-thirds into the vowel. The anticipatory effect exerted by the following tones on the
tones in the initial position was dissimilatory in nature and had a smaller magnitude
compared to the carryover effect. For T1, T2 and T4, the dissimilatory effect had been
found when followed by most pairs of tones with contrastive onsets. It should be noted
that, different from Xu’s (1997) finding, the raising effect of the following low onsets
was not constrained to the maximum f0. The whole contours of T1 and T2 were raised
by the following tones with low onsets (I2 and T3) in the current experiment. The
underlying coarticulatory mechanism was investigated in the high-cognitive-load condit-
ion. The carryover effect was robust and remained intact under high cognitive load,
indicating that the carryover effect does not involve advance planning and is likely to be
caused by physiological constraints — which is in line with the findings from segmental
coarticulation (Whalen, 1990). The anticipatory effect, on the other hand, decreased
with high cognitive load, indicating that anticipatory coarticulation involves advance
planning. This finding can be potentially accounted for by the model proposed by
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Tilsen (2013, 2009), who argued that an inhibitory speech planning mechanism is used
for contemporaneously planned articulatory targets to maintain and maximize the
contrasts of different phonemes. In the no-cognitive-load condition of the present
study, the inhibitory mechanism functioned well and led to a clear dissimilatory anticip-
atory effect, maximizing the contrast between the adjacent tones. In the high-cognitive-
load condition, however, as the inhibitory mechanism was constrained, the dissimilatory
anticipatory effect also decreased.

For 1.2 learners, a clear developmental path was found in both carryover and
anticipatory effects. The beginning learners showed a weaker assimilatory carryover
effect compared to native speakers, while the performance of advanced learners was
more similar to the native patterns, showing substantial carryover effects in T1, T2 and
T4. That is, although the carryover effect did not include advance planning and was
mainly a result of physiological constraints, its acquisition was still a gradual process.

Different from the carryover effect, the anticipatory coarticulation was strong
for Dutch learners of Mandarin. For beginning learners, the dissimilatory anticipatory
effect had been found on T1, T2 and T4 in the first syllable. This effect remained
robust for T1 and T2 with high cognitive load. The advanced learners showed an anti-
cipatory effect comparable to that of native Mandarin speakers in the normal condition.
Different from the native speakers, the anticipatory effect remained robust for all tones
under the influence of high cognitive load for advanced learners.

The strong anticipatory effect in .2 tonal coarticulation can be potentially ex-
plained with the help of Tilsen’s model (Tilsen, 2013). The inhibitory mechanism had
been acquired by beginning and advanced learners as an effective way to maintain the
contrast and ensure the perceptibility of different tonal categories in connected speech.

Chapter 3 investigated how beginning and advanced Dutch learners of Manda-
rin process tonal information. An ABX task was adopted to investigate phonological
discrimination of Mandarin tones and segment-tone integration in Dutch learners of
Mandarin, with both native Mandarin and Dutch speakers (without tonal learning ex-
perience) as control groups. Results showed a developmental path in lexical tone pro-
cessing. The beginning learners could not process tonal contrast adequately at the
phonological level, and they processed segmental and tonal information separately, like
native Dutch listeners without Mandarin experience. The advanced learners showed a
good phonological discrimination of tonal contrasts. They showed a more native-like
pattern in distributing their attention between segmental and tonal information, and
they processed the two dimensions in an integrated manner, similar to native Mandarin
listeners. This suggests that the acquisition of new tonal categories in L2 involves a
redistribution of attention along perceptual dimensions and the development of
segment-tone integration.

Chapter 4 further investigated the phonological processing of all tonal con-
trasts and the use of tones in lexical access by Dutch learners of Mandarin using a
cognitively demanding sequence recall task and a lexical decision task. The results
showed a clear developmental path by comparing the performance of two learner
groups in the sequence recall task: the advanced learners, with more Mandarin ex-
perience, exhibited a significant improvement compared to the beginners, approximat-
ing the performance of native Mandarins. The result of the lexical decision task also
showed that, compared to beginners, advanced learners performed significantly better
in correctly identifying real words and rejecting non-words which were minimally
different from real words in tones. The improvement of advanced learners in both
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tasks demonstrated that they were shaping new selective perception routines, and their
phonological mode of tone processing was in development which is in line with the
ASP model (Strange, 2011). However, it should be noted that the RTs were longer for
advanced learners than for native Mandarin listeners in all conditions, indicating that
their L2 selective processing routines were still in development and were not as
automatic as those of native Mandarin listeners.

However, in the sequence recall task, T2 and T3 was the most confusable tone
pair for both learner groups. In the lexical decision task, T2 and T3 was mutually con-
fusable for learners and was resistant to improve. Such difficulty may have stemmed
from the acoustic similarity between these two tones, in that they have similar pitch
contours and there is overlap in their pitch ranges (Moore & Jongman, 1997). More-
over, some asymmetric patterns were found for advanced learners in the lexical
decision task. The advanced learners were significantly more accurate in recognizing
real words with T1 and rejecting non-words in which T1 was produced as the other
three tones than the other way round. That is, the category of T1 had been relatively
well established when compared to the other three tones. Contrastively, it was difficult
for advanced learners to make a correct response when T4 was produced as T1, T2 or
T3, that is, the category of T4 was relatively less well-established when compared to the
other three tones in pairs. These results are potentially related to the prosodic features
of the learners’ native language, since Gandour (1983) showed that compared to tone-
language speakers, intonational language speakers are more sensitive to pitch height
than to pitch direction.

Taken together, the advanced learners showed a significant improvement in
tonal processing at phonological level and using lexical tones in lexical access compared
to beginning learners. This improvement in tone acquisition can be attributed to the
important role of tones in Mandarin. Different tone pairs were not equally difficult to
learners in lexical access, and the source of such differences can be attributed to
acoustic similarity between particular tones as well as interference from L1 supra-
segmental features.

Chapter 5 investigates the time course of lexical activation and the relative
role of segmental and tonal information in speech recognition by testing native Manda-
rin speakers, as well as the beginning and advanced learners of Mandarin in an eye-
tracking experiment. Using visual word paradigm, the participants heard an auditory
word and were asked to identify the corresponding picture from a display of four
pictures that consisted of the target (chuangl ‘window’), a phonological competitor
(segmental: chuang? ‘bed’; cohort: chel ‘car’; thyme: guangl light’; tonal: ji7 ‘chicken’),
and two phonologically unrelated distractors. The probability of fixation to the target
and competitor was recorded since it may reflect the activation of the corresponding
items. In this task, the auditory and visual stimuli were presented concurrently to parti-
cipants, so when processing the pictures, the participants heard the rhyme part at the
mean time. For native speakers, slower eye movements to the target were found in the
rhyme condition, accompanied by high proportion of looks to the thyme competitor,
indicating that the thyme competitor was activated adequately for competition. A lower
and delayed peak in proportion of looks to the competitor in the segmental condition
compared to the rhyme condition indicated that for native Mandarin speakers, tones
play an early constraining role. As the input unfolded, only those candidates matching
the input both in segmental and tonal information (i.e., the thyme competitor) were
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activated. Segmental competitors with non-matching tonal information were not activ-
ated in the eatly stage.

Compared to the native Mandarin speakers, both groups of learners generally
showed less target activation and increased competitor activation across all conditions.
Among conditions, the thyme competitor was activated most to compete with the
target for both learner groups. The segmental competitor also received a high pro-
portion of looks, but activated less and later than the rhyme competitor. This suggested
that, similar to native speakers, the non-matching tonal information was used effect-
ively to constrain lexical activation in an early stage by both learner groups. However,
more late fixations to the segmental competitor indicated that both learner groups were
confronted with great difficulty in decimating tonal minimal pairs. The cohort and tonal
competitors, on the other hand, were not activated enough for lexical competition for
both groups of learners.

Furthermore, the advanced learners generally showed a higher proportion of
looks to the target and less looks to the competitor in all conditions than the beginning
learners, suggesting that the advanced learners could activate the correct targets and
suppress the competitors to a greater extent, approaching the performance of native
Mandarin speakers.

6.3 General conclusion

In sum, with regard to L2 tone production, we found that the fine-grained patterns in
carryover and anticipatory tonal coarticulation can be acquired by Dutch learners of
Mandarin. Compared to native Mandarin speakers, advanced learners showed a more
robust anticipatory effect. This dissimilatory effect was quite probably adopted by them
as a strategy to prevent tonal targets from becoming perceptually indistinct. This find-
ing is in line with Tilsen’s model (2013): the dissimilatory effect between contempor-
aneously planned articulatory targets may function as a general mechanism to maintain
perceptual differences between sounds.

In terms of tone perception, we found that, first, advanced learners improved
significantly compared to beginning learners and approximated the performance of
native Mandarin speakers in discriminating tones and redistributing their attention be-
tween segments and tones. These results suggest that Dutch learners of Mandarin can
learn to distinguish tonal contrasts, which provides general support to the SLM model.
That is, the capacities of forming new sound categories remain intact for adult L2 learn-
ers. The PAM-1.2 model can also be used to account for 1.2 tonal acquisition. The case
of non-native tonal contrasts fits the Uncategorized-uncategorized scenario best, with
both sounds in the tonal contrast falling within the learners’ L1 phonetic space, but
neither fits any single L1 phonological category. The prediction of this scenario is in
agreement with our results.

Second, through the cognitively demanding sequence recall task and the lexical
decision task, we found that, compared to beginning learners, advanced learners could
process tones at the phonological level more accurately and use tonal information in
lexical access more effectively. The learners’ success in these tasks is generally in line
with the suggestions of the ASP model (Strange, 2011): they are developing new select-
ive perception routines attuned to the most reliable information for recognition of
different tone categories.
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Finally, in the eye-tracking experiment, advanced learners could activate the
correct targets and suppress the phonologically similar competitors to a greater extent
than beginning learners, exhibiting a developmental trajectory in using segmental and
tonal information in spoken word recognition. Advanced learners could use segmental
and tonal information in the early stage to constrain lexical activation, which is consist-
ent with the concept of the TRACE model: the speech sounds are perceived in an in-
cremental way. With the unfolding of the signal, segmental and tonal information was
used by the learners to activate compatible word candidates and inhibit the incompat-
ible ones.

These findings of this dissertation thus have some implications for language
teaching. To make the production more natural and to facilitate the learning of coarti-
culation patterns, pronunciation of tones should be trained not only in monosyllables,
but also in disyllabic words. Furthermore, tests on auditory and phonological process-
ing of tones can be used to assist individual learners in finding out the problematic
aspects in their tone learning.

6.4 Future research

Based on the findings of the this dissertation, some suggestions can be made for future
research.

As shown in past research and in Chapter 2 in the current dissertation, tonal
contours can be distorted by the influence of the preceding and following tones, show-
ing coarticulated forms which deviate substantially form the canonical contours. In tone
perception, some studies have found that native Mandarin speakers can compensate for
tonal variations due to coarticulation to some extent (Xu, 1994). The results of Chapter
2 demonstrated that the fine-grained phonetic details of tonal coatticulation can be
acquired gradually by L2 learners in tone production. Whether coarticulated tones in
running speech can be correctly perceived by L2 learners and whether they can develop
a perceptual compensation mechanism for deviant tonal contours become interesting
issues to investigate. Such an investigation can also shed light on the issue of ultimate
attainment in tone acquisition.

Chapter 3 showed that the advanced Dutch learners of Mandarin had not only
successfully acquired the distinctions between tonal categories, but had also developed
a strategy similar to that of native Mandarin listeners in terms of attention distribution
and segmental-tonal integration. Previous studies showed that bilinguals integrate both
languages in a common phonetic space and that learning an L2 may bring aboutt
systematic phonetic changes in L1 production, which indicates that the L1 sound
system is not static, but remains dynamic and adaptable (Aneta, 2000; Antoniou, 2012;
Chang, 2012). It would be interesting to test whether a tonal .2 learning experience can
further shape listeners’ L1 perception. Specifically, it would be interesting to examine
whether Dutch learners of Mandarin, when listening to Dutch, would attach more
perceptual weight to pitch information and whether they would process segmental and
pitch in a more integral manner compared to native Dutch speakers without any tone
language learning experience.

Chapter 4 found that tones can be used in lexical access by Dutch learners of
Mandarin. Interestingly, asymmetric patterns in the perception of tonal minimal pairs
were found in advanced learners. The category of T1 was more well-established and T4
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was less well-established compared to the other tones. Previous studies have also found
asymmetric patterns in mapping phonetic information of a sound contrast to lexical
representations in 1.2 listening, with one sound in the contrast more dominant than the
other (Cutler, Weber, & Otake, 2006; Weber & Cutler, 2004). To further understand
the asymmetric mapping from phonetic tonal information to lexical representations in
L2 listening, the eye-tracking method can be employed to probe the temporal dynamics
of L2 word recognition.

Furthermore, since this study only focused on the acquisition of lexical tones
by Dutch learners of Mandarin, it would be worthwhile testing tonal processing by 1.2
learners with L1s different in prosodic structure. Such research can reveal how L2 tonal
processing can be modulated by different L1s.
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Summary

This thesis examines the production and perception of lexical tones by beginning and
advanced Dutch learners of Mandarin as well as the developmental trajectory in
second-language (L2) tone acquisition.

In Mandarin Chinese, a lexical tone language, pitch configurations such as a
high, low and rising tone (cued primarily through fundamental frequency) are used to
differentiate between word forms. As documented in previous studies, lexical tone
always presents great difficulty for adult L2 Mandarin learners whose native language is
non-tonal. In terms of tone production, past research mainly focused on the accuracy
of L2 tone pronunciation in isolated words. The L2 acquisition of tonal coarticulation,
which leads to deviant tonal contours differing from the canonical forms in natural
connected speech, has not been studied systematically. The L2 perception of tone in
isolated words has been examined in identification and discrimination tasks in previous
works. Yet, how non-natives learn to use pitch information in a lexically contrastive
manner and how such learners process tone at the phonological level remains unclear.
Moreover, the online processing of tonal information in word recognition by L2
learners is also an interesting issue to investigate. Based on these research questions,
this thesis provides a systematic study of the production and perception of lexical tones
by beginning and advanced Dutch learners of Mandarin with four well-controlled
experiments.

Chapter 1 is a general introduction. After a brief introduction to the tone
system in Mandarin, an overview of different aspects of L2 tone acquisition is
organized around the basic research questions.

Chapter 2 investigates the tonal coarticulation in two-syllable words by Dutch
learners of Mandarin and native Mandarin speakers. All the 16 tonal combinations in
disyllables were tested using the non-word /mama/ with each syllable bearing one of
the four Mandarin tones. The underlying coarticulatory mechanism was investigated in
a high cognitive load condition. This chapter shows that for native Mandarin speakers,
the substantial carryover coarticulation is assimilatory and not planned, contrary to the
dissimilatory anticipatory coarticulation, which shows a smaller magnitude and involves
advance planning. For 1.2 learners, a developmental trajectory toward the native norm
has been found for carryover coarticulation, with the advanced learners showing
stronger assimilatory coarticulatory effects than beginning learners. Although the carry-
over effect is mainly a result of physiological constraints and does not involve planning,
its acquisition by L2 learners is still a gradual process. As for the anticipatory coarticula-
tion, the advanced learners show a strong dissimilatory effect, which is more robust
than that found for the native speakers. This may indicate that the learners effectively
employ an inhibitory mechanism to maintain the contrast and ensure the perceptibility
of different tonal categories in running speech.

Chapter 3 sets out to examine the phonological discrimination of Mandarin
tones and segment-tone integration in Dutch learners of Mandarin, with both native
Mandarin and Dutch speakers without tonal learning experience as control groups. An
ABX task with four conditions is used to test how participants’ attention is distributed
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between segments and tones. This chapter demonstrates a developmental path toward
the native norm in tone processing for L2 learners. The beginning learners do not
attend to tonal information and process segmental and tonal information separately,
like native Dutch listeners without any Mandarin experience. The advanced learners
show a more native-like pattern in distributing their attention between segmental and
tonal information. Moreover, they process the two dimensions in an integrated manner,
similar to native Mandarin listeners. This chapter suggests that the acquisition of new
tonal categories in L2 involves a redistribution of attention between segmental and
tonal dimensions as well as the development of segment-tone integration.

Chapter 4 further explores the processing of all tonal contrasts at the phono-
logical level and the use of tones in lexical access by Dutch learners of Mandarin using a
cognitively demanding sequence recall task and a lexical decision task. The results of the
sequence recall task show a clear developmental path in phonological processing of
tonal information by L2 learners. The results of the lexical decision task also indicate
that, compared to beginners, advanced learners performed significantly better in
correctly identifying real words and rejecting non-words that are minimally different
from real words in terms of their tone structure. The improvement of advanced
learners in both tasks demonstrates that they are shaping new selective perception
routines, and that their phonological mode of tone processing is in development.

Furthermore, this chapter bears out that in the lexical decision task, Tone 2
and Tone 3 are mutually confusable for learners and are difficult to learn. Such
difficulty may stem from the acoustic similarity between these two tones. Asymmetric
patterns are also found for advanced learners in the lexical decision task. For these
learners, the category of Tone 1 has been relatively well established when compared to
the other three tones. In contrast to this, the category of Tone 4 is less well-established
when compared to the other three tones in pairs. These results are potentially related to
the prosodic features of the learners’ native language, since previous research showed
that, compared to tone-language speakers, intonation-language speakers are more
sensitive to pitch height than to pitch direction.

Chapter 5 investigates the time course of lexical activation and the relative
contribution of segmental and tonal information to speech recognition by testing native
Mandarin speakers, as well as beginning and advanced learners of Mandarin in an eye-
tracking experiment using the visual world paradigm. The participants heard a spoken
word and were asked to identify the corresponding picture from a display of four
pictures that consisted of the target, a phonological competitor, and two phonologically
unrelated distractors. The probability of fixation on the target and competitor was
recorded since it may reflect the activation of the corresponding items. This chapter
demonstrates that native Mandarin speakers use tonal information effectively to con-
strain lexical activation in an early stage of word recognition, in much the same way as
they exploit segmental information. Similar to native Mandarin speakers, tonal inform-
ation is also used by Dutch learners of Mandarin in an eatly stage to inhibit the activa-
tion of incompatible lexical candidates, although they still experience difficulty in the
discrimination of some tonal minimal pairs. Compared to beginning learners, significant
improvement has been found for advanced learners toward the native norm.

Finally, Chapter 6 recapitulates the research questions and summarizes the
main findings of this thesis. This chapter also provides suggestions for future research.



Samenvatting

Dit proefschrift onderzoekt de productie en perceptie van lexicale tonen door begin-
nende en gevorderde Nederlandse leerders van het Mandarijn, als ook het ontwikke-
lingstraject dat deze leerders afleggen tijdens de verwerving van tonen in een tweede
taal (T2).

Mandatijn, of noordelijk Chinees, is de meest gesproken eerste taal (T1) ter
wereld, met naar schatting een miljard moedertaalsprekers. Mandarijn is een lexicale
toontaal, waarin toonhoogteconfiguraties worden gebruikt zoals hoge, lage en stijgende
toon (primair aangegeven door de grondtoon in het spraakgeluid) om verschil aan te
brengen tussen wootdvormen. Zo betekent dezelfde klankopeenvolging /ma/ met een
vlakke hoge toon ‘moeder’ maar met een stijgende toon ‘hennep’. Uit eerder onderzoek
is al gebleken dat lexicale tonen (of: woordtonen) altijd een probleem vormen voor
volwassen T2-leerders van het Mandarijn als hun moedertaal geen woordtonen kent.
Wat spraakproductie betreft heeft eerder onderzoek zich voornamelijk toegespitst op de
uitspraak van de T2-tonen in losse woorden. De T2-verwerving van tonale coarticulatie,
een proces van wederzijdse beinvloeding van opeenvolgende tonen waarbij de tooncon-
touren in natuutlijke, verbonden spraak fors gaan afwijken van hun canonieke vormen,
is niet eerder systematisch onderzocht. De waarneming van T2-tonen is in eerder werk
in losse woorden alleen bestudeerd aan de hand van identificatie- en discriminatietaken.
Hoe niet-moedertaalsprekers toonhoogte-informatie leren gebruiken om woorden uit
elkaar te houden en hoe zulke T2-leerders de woordtonen op fonologisch niveau
verwerken, is vooralsnog onbekend. Tevens is het van groot belang te weten hoe T2-
leerders tooninformatie gebruiken tijdens de online herkenning van gesproken woorden.
Om antwoord te geven op deze vragen is in dit proefschrift een systematische studie
verricht naar de productie en waarneming van woordtonen door beginnende en
gevorderde Nederlandse leerders van het Mandarijn, waarbij vier experimenten zijn
uitgevoerd.

Hoofdstuk 1 is een algemene inleiding. Na een korte uitleg van het toonsys-
teem van het Mandarijn volgt een overzicht van de diverse aspecten van de verwerving
van woordtonen in een T2, in overeenstemming met de vier onderzoeksvragen.

Hoofdstuk 2 onderzockt de tooncoarticulatic in tweelettergrepige woorden
door Nederlandse leerders van het Mandarijn en door moedertaalsprekers van die taal.
Alle 16 logisch mogelijke tooncombinaties in opeenvolgingen van twee lettergrepen zijn
onderzocht aan de hand van het in het Mandatijn niet bestaande wootd /mama/,
waarin op elke van de twee lettergrepen een van de vier tonen van het Mandarijn is ge-
sproken. Het onderliggend coarticulatiemechanisme is onderzocht in een situatie waatin
de spreker cognitief zwaar belast werd. De resultaten wijzen uit dat er bij de moeder-
taalsprekers van het Mandarijn sprake is van substanti€le carry-over coarticulatie (d.w.z.
dat de toon van de voorafgaande lettergreep de vorm van de toon op de volgende let-
tergreep beinvloedt, en niet andersom). De tonen op de opeenvolgende lettergrepen
gaan meer op elkaar lijken (assimilatie); deze aanpassing vereist geen planning van de
kant van de spreker, in tegenstelling tot anticiperende coarticulatie (de volgende toon
beinvloedt de vorm van de voorafgaande toon), waarbij de doorgaans kleinere aan-
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passing dissimilerend van aard is (de opeenvolgende tonen gaan juist minder op elkaar
lijken), en planning vergt. Voor de T2-leerders vinden we een ontwikkelingstraject in de
richting van de Tl-norm voor zo ver het carry-over coarticulatie betreft, waarbij de
toonassimilatie bij de gevorderde leerders sterker is dan bij de beginners. Hoewel het
carry-over effect voornamelijk wordt veroorzaakt door fysiologische beperkingen en geen
planning inhoudst, is de verwerving ervan door T2-leerders toch een geleidelijk proces.
Met betrekking tot de anticiperende coarticulatie vertonen de gevorderde leerders een
sterke dissimilatie, die bij hen zelfs robuuster optreedt dan bij de moedertaalsprekers.
Dit zou erop kunnen wijzen dat de leerders effectief een inhibitiemechanisme toepassen
om het contrast tussen opeenvolgende tonen op te scherpen en zo de waarneembaar-
heid van de verschillende tooncategorieén in lopende spraak te waarborgen.

Hoofdstuk 3 heeft als doel de fonologische discriminatie van de tonen in het
Mandarijn te onderzoeken alsmede de integratie van segmentele en tonale informatie,
bij Nederlandse leerders van het Mandarijn, met zowel moedertaalsprekers van het
Mandarijn als Nederlandse sprekers zonder enige ervaring met het Mandarijn als con-
trolegroepen. We hebben daarbij een ABX vergelijkingstaak gebruikt met vier condities
om te testen hoe de deelnemers hun aandacht verdelen tussen de segmenten (klinkers
en medeklinkers) en de tonen. Dit hoofdstuk laat zien dat de verwerking van de gespro-
ken input door de T2-leerders zich ontwikkelt in de richting van de moedertaalnorm.
De beginnende leerders geven nauwelijks aandacht aan de tooninformatie en verwerken
de segmentele informatie apart, net zoals Nederlanders zonder enige ervaring met het
Mandarijn dat doen. De gevorderde leerders echter verdelen hun aandacht meer op de
manier waarop moedertaalsprekers van het Mandarijn dat doen, namelijk met gelijke(r)
aandachtsverdeling tussen de segmentele en tonale informatie. Bovendien verwerken zij
de twee informatiestromen geintegreerd, zoals de T1-luisteraars dat ook doen. Een en
ander suggereert dat verwerving van nieuwe tooncategorieén neerkomt op een herver-
deling van aandacht tussen segmentele en tonale informatie als ook ontwikkeling van de
segment-toonintegratie.

Hoofdstuk 4 verkent nader hoe Nederlandse leerders van het Mandarijn alle
tooncontrasten op fonologisch niveau verwerken en welke rol deze tonen spelen bij de
lexicale access (toegang tot de mentale woordenschat) aan de hand van een cognitief
veeleisende taak waarbij luisteraars een gehoorde reeks woorden in de juiste volgorde
uit hun geheugen moeten oproepen, alsook aan de hand van een lexicale decisietaak (s
een gehoorde klankreeks wel of niet een bestaand woord?’). De resultaten van de
geheugentaak wijzen op een duidelijke ontwikkeling in de verwerking van tonale infor-
matie door T2-leerders. De resultaten van de lexicale decisietaak geven daarenboven
aan dat de gevorderde leerders, in vergelijking met beginners, bestaande woorden signi-
ficant beter herkenden en non-woorden die in hun toonstructuur slechts minimaal ver-
schilden van bestaande woorden terecht afwezen. De betere prestaties van de gevorder-
de groep in beide taken laat zien dat deze leerders zich nieuwe selectieve waarnemings-
routines eigen maken en dat hun fonologische toonverwerking zich ontwikkelt.

Dit hoofdstuk laat bovendien zien dat Toon 2 en Toon 3 in de lexicale decisie-
taak met elkaar verward worden en daarom moeilijk te leren zijn. Deze moeilijkheid
wordt mogelijk veroorzaakt doordat deze twee tonen akoestisch sterk op elkaar lijken.
In de lexicale decisietaak vinden we voor de gevorderde leerders ook asymmetrische pa-
tronen. Toon 1 is bij deze groep leerders vrij goed gedefinieerd in vergelijking met de
andere drie tonen, in tegenstelling tot Toon 4. Deze verschillen hebben mogelijk te
maken met prosodische eigenaardigheden in de moedertaal van de leerders omdat uit
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eerder onderzoek is gebleken dat sprekers van een intonatietaal in vergelijking met
sprekers van een toontaal gevoeliger zijn voor verschillen in (gemiddelde) toonhoogte
dan voor de richting van de toonhoogteverandering (toonhoogtestijging versus -daling).

Hoofdstuk 5 onderzoekt de tijdsontwikkeling van de lexicale activatie en de
relatieve bijdrage van segmentele en tonale informatie aan de spraakherkenning. Hier-
toe zijn bij moedertaalsprekers van het Mandarijn alsook beginnende en gevorderde
leerders van het Mandarijn de oogbewegingen gemeten in een zgn. visuele-wereld-
experiment. De deelnemers hoorden een gesproken woord en moesten een daarmee
corresponderend plaatje aanwijzen op een scherm met vier plaatjes: een van het
doelwoord, een van een klankvormelijk nagenoeg hetzelfde woord en nog eens twee
klankvormelijk ongerelateerde afleiders. De relatieve frequentie van een oogfixatie op
het doelwoord of op de minimaal verschillende concurrent werd bepaald als indicatie
van de activatiegraad van de corresponderende woorden. Dit hoofdstuk laat zien dat de
moedertaalsprekers van het Mandarijn de informatie in de tonen effectief gebruiken om
lexicale activatie in een vroeg stadium van de woordherkenning in te perken. En evenals
de moedertaalsprekers van het Mandarijn gebruiken Nederlandse leerders van het
Mandarijn tooninformatie om de activatie van incompatibele woordkandidaten te inhi-
beren, ook al ervaren deze proefpersonen nog steeds problemen als zij bepaalde
minimale toonparen moeten onderscheiden. Vergeleken met de beginnende leerders
vertoont de gevorderde groep een significante vooruitgang in de richting van de Chine-
se moedertaalnorm.

Hoofdstuk 6, ten slotte, recapituleert de onderzoeksvragen en vat de belang-
rijkste bevindingen van het onderzoek samen. Dit hoofdstuk doet ook suggesties voor
verder onderzoek.
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Appendices

AL Summary of mixed effects models for f0 contours of each tone in the first or second syllable.

T1 in first syllable

Fixed effects Df 2 p
Linear and Quadratic terms 2 1336 <.01
Tonal Context 3 46.74 <.001
Cognive Load 1 422 <05
Participant Group 2 102 s
Linear and Quadratic terms : Tonal Context 6 2152 <01
Linear and Quadratic terms : Cognitive Load 2 048 ns.
Linear and Quadratic terms : Participant Group 4 775 s,
Tonal Context : Cognitive Load 3 165.62 <.001
Tonal Context : Participant Group 6 842 s
Cognive Load : Participant Group 2 010 s
Linear and Quadratic terms : Tonal Context : Cognitive Load 6 341 n.s.
Linear and Quadratic terms : Tonal Context : Participant Group 12 814 ns.
Linear and Quadratic terms : Cognitive Load : Participant Group 4 470 ns.
Tonal Context : Cognitive Load : Participant Group 6 101.19 <.001
Linear and Quadratic terms : Tonal Context : Cognitive Load :

Participant Group 12 10.53 n.s.
Repetition 3 750 ns.
Repetition: Linear and Quadratic Terms 6 611 fn.s.
T2 in first syllable
Fixed effects Df 2 p
Linear and Quadratic terms 2 8141 <.001
Tonal Context 3 3229 <.001
Cognive Load 1 5.89 <.05
Participant Group 2 3247 <.001
Linear and Quadratic terms : Tonal Context 6 71.26 <.001
Linear and Quadratic terms : Cognitive Load 2 15.04 <.001
Linear and Quadratic terms : Participant Group 4 342  ns.
Tonal Context : Cognitive Load 3 2919 <.001
Tonal Context : Participant Group 6 1379 <.05
Cognive Load : Participant Group 2 139 n.s.
Linear and Quadratic terms : Tonal Context : Cognitive Load 6 810 s
Linear and Quadratic terms : Tonal Context : Participant Group 12 2717 <01
Linear and Quadratic terms : Cognitive Load : Participant Group 4 302 s
Tonal Context : Cognitive Load : Participant Group 6 112.03 <.001
Linear and Quadratic terms : Tonal Context : Cognitive Load :

Participant Group 12 16.07 n.s.
Repetition 3 42.08 <.001
Repetition: Linear and Quadratic Terms 6 704 ns.
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T3 in first syllable

Fixed effects Df o2 p
Linear and Quadratic terms 2 5999 <.001
Tonal Context 3 3326 <.001
Cognive Load 1 249 <05
Participant Group 2 1064 <01
Linear and Quadratic terms : Tonal Context 6 86.96 <.001
Linear and Quadratic terms : Cognitive Load 2 528 <05
Linear and Quadratic terms : Participant Group 4 2492 <.001
Tonal Context : Cognitive Load 3 31.39 <.001
Tonal Context : Participant Group 6 609 ns.
Cognive Load : Participant Group 2 024 ns
Linear and Quadratic terms : Tonal Context : Cognitive Load 6 6.14 n.s.
Linear and Quadratic terms : Tonal Context : Participant Group 12 21.52  <.05
Linear and Quadratic terms : Cognitive Load : Participant Group 4 612 s
Tonal Context : Cognitive Load : Participant Group 6 4139 <.001
Linear and Quadratic terms : Tonal Context : Cognitive Load :

Participant Group 12 32.82 <.001
Repetition 3 4.07 n.s.
Repetition: Linear and Quadratic Terms 6 11.70 n.s.
T4 in first syllable
Fixed effects Df P
Linear and Quadratic terms 2 9196 <.001
Tonal Context 3 21.07 <.001
Cognive Load 1 480 <.05
Participant Group 2 015 n.s.
Linear and Quadratic terms : Tonal Context 6 66.72 <.001
Linear and Quadratic terms : Cognitive Load 2 1241 <01
Linear and Quadratic terms : Participant Group 4 1625 <.01
Tonal Context : Cognitive Load 3 55.66 <.001
Tonal Context : Participant Group 6 744 ns.
Cognive Load : Participant Group 2 423  ns.
Linear and Quadratic terms : Tonal Context : Cognitive Load 6 34.87 <.001
Linear and Quadratic terms : Tonal Context : Participant Group 12 2410 <.05
Linear and Quadratic terms : Cognitive Load : Participant Group 4 117 s
Tonal Context : Cognitive Load : Participant Group 6 3811 <.001
Linear and Quadratic terms : Tonal Context : Cognitive Load :

Participant Group 12 68.71 <.001
Repetition 3 2729 <.001

Repetition: Linear and Quadratic Terms 6 5224 <.001
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T1 in second syllable
Fixed effects Df 2 p
Linear and Quadratic terms 2 3416 <.001
Tonal Context 3 21.89 <.001
Cognive Load 1 373 s
Participant Group 2 192 s
Linear and Quadratic terms : Tonal Context 6 90.10 <.001
Linear and Quadratic terms : Cognitive Load 2 064 ns
Linear and Quadratic terms : Participant Group 4 1286 <.05
Tonal Context : Cognitive Load 3 8251 <.001
Tonal Context : Participant Group 6 1395 <.05
Cognive Load : Participant Group 2 004 ns
Linear and Quadratic terms : Tonal Context : Cognitive Load 6 680 ns.
Linear and Quadratic terms : Tonal Context : Participant Group 12 36.93 <.001
Linear and Quadratic terms : Cognitive Load : Participant Group 4 110 ns.
Tonal Context : Cognitive Load : Participant Group 6 160.43 <.001
Linear and Quadratic terms : Tonal Context : Cognitive Load :

Participant Group 12 1944  ns.
Repetition 3 7874 <.001
Repetition: Linear and Quadratic Terms 6 3.33 n.s.
T2 in second syllable
Fixed effects Df P
Linear and Quadratic terms 2 91.24 <.001
Tonal Context 3 3316 <.001
Cognive Load 1 019 ns.
Participant Group 2 1655 <.001
Linear and Quadratic terms : Tonal Context 6 89.86 <.001
Linear and Quadratic terms : Cognitive Load 2 7.07 <.05
Linear and Quadratic terms : Participant Group 4 1221 n.s.
Tonal Context : Cognitive Load 3 8329 <.001
Tonal Context : Participant Group 6 1148 n.s.
Cognive Load : Participant Group 2 459  ns.
Linear and Quadratic terms : Tonal Context : Cognitive Load 6 1743 <01
Linear and Quadratic terms : Tonal Context : Participant Group 12 15.03 <.01
Linear and Quadratic terms : Cognitive Load : Participant Group 4 060 ns.
Tonal Context : Cognitive Load : Participant Group 6 47.62 <.001
Linear and Quadratic terms : Tonal Context : Cognitive Load :

Participant Group 12 54.72 <.001
Repetition 3 616 n.s.
Repetition: Linear and Quadratic Terms 6 1638 <.05
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T3 in second syllable

Fixed effects Df o2 p
Linear and Quadratic terms 2 56.16 <.001
Tonal Context 3 3326 <.001
Cognive Load 1 254 s
Participant Group 2 15.08 <.001
Linear and Quadratic terms : Tonal Context 6 61.76 <.001
Linear and Quadratic terms : Cognitive Load 2 058 ns.
Linear and Quadratic terms : Participant Group 4 28.02 <.001
Tonal Context : Cognitive Load 3 18.52 <.001
Tonal Context : Participant Group 6 18.02 <.01
Cognive Load : Participant Group 2 227 ns.
Linear and Quadratic terms : Tonal Context : Cognitive Load 6 30.37 <.001
Linear and Quadratic terms : Tonal Context : Participant Group 12 1146 <.01
Linear and Quadratic terms : Cognitive Load : Participant Group 4 342 ns.
Tonal Context : Cognitive Load : Participant Group 6 20.79 <.001
Linear and Quadratic terms : Tonal Context : Cognitive Load :

Participant Group 12 37.02 <.001
Repetition 3 998 <.05
Repetition: Linear and Quadratic Terms 6 41.44 <.001
T4 in second syllable
Fixed effects Df P
Linear and Quadratic terms 2 66.56 <.001
Tonal Context 3 21.35 <.001
Cognive Load 1 742 <01
Participant Group 2 251 n.s.
Linear and Quadratic terms : Tonal Context 6 82.75 <.001
Linear and Quadratic terms : Cognitive Load 2 502 n.s.
Linear and Quadratic terms : Participant Group 4 8064 <05
Tonal Context : Cognitive Load 3 11.69 <.01
Tonal Context : Participant Group 6 1275 <.05
Cognive Load : Participant Group 2 581 n.s.
Linear and Quadratic terms : Tonal Context : Cognitive Load 6 1937 <.01
Linear and Quadratic terms : Tonal Context : Participant Group 12 41.71 <.001
Linear and Quadratic terms : Cognitive Load : Participant Group 4 722 ns.
Tonal Context : Cognitive Load : Participant Group 6 3571 <.001
Linear and Quadratic terms : Tonal Context : Cognitive Load :

Participant Group 12 64.63 <.001
Repetition 3 4235 <.001

Repetition: Linear and Quadratic Terms 6 1124  ns.
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A2. Summary of mixed effects models for duration of target tones in the first and second syllable.
Duration of the vowel in the first syllable
Fixed effects Df x? p
Participant Group 2 18.39 <.001
Tone of 1stsyllable 3 31311 <.001
Tone of 2nd syllable 3 37.39  <.001
Cognitive Load 1 40.81 <.001
Participant Group : Tone of 1% syllable 6 24996 <.001
Participant Group : Tone of 27 syllable 6 27.05 <.001
Tone of 1stsyllable: Cognitive Load 3 3.77 fn.s.
Tone of 2 syllable: Cognitive Load 3 2.79 fn.s.
Participant Group : Tone of 15t syllable: Cognitive Load 8 31.97 <.001
Participant Group : Tone of 2" syllable: Cognitive Load 6 3.83 n.s.
Repetition 3 0.59 n.s.
Duration of the vowel in the second syllable
Fixed effects Df 2 p
Participant Group 2 16.30  <.001
Tone of 1stsyllable 3 8.15  <.05
Tone of 2 syllable 3 2619.60 <.001
Cognitive Load 1 62.51 <.001
Participant Group : Tone of 15 syllable 6 11.60 n.s.
Participant Group : Tone of 2 syllable 6 42395 <.001
Tone of 1stsyllable: Cognitive Load 3 3.35 fn.s.
Tone of 22 syllable: Cognitive Load 3 2.88 n.s.
Participant Group : Tone of 15 syllable: Cognitive Load 8 7.27 fn.s.
Participant Group : Tone of 2" syllable: Cognitive Load 6 5.91 n.s.
Repetition 3 0.97 n.s.

A3. Pairs of non-words used in the ABX task.

kasu-tafu
difo-biso
guta-duka
podi-kobi
bapi-gati
tigu-pidu
fuko-supo
soba-foga
muba-nuda
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A4, Stimuli used in the lexical decision task.

T1-T2 T2—-T1
Words Non-words Words Non-words
N 1% I [a]
Jyinglgail Yying2gail shi2jianl *shil jiant
should time
Wir it i lal
ting1 shuol *ting2shuol fangZjiant *angl jian1
heard about room
&k +ar
chulfal *chu2fal shi2fent *shilfenl
set out very
/T &L
canttingl Fean2tingl pa2shant *palshanl
restaurant mountain climbing
HR N
chun tianl *chun2tiant huang2gnal *huangl gnal
spring cucumber
I HEpA
shenglyinl *sheng2yin1 yang2gnangl *yangl gnangl
sound sunshine
K T
Jalyinl HaZyinl cheng2gongl *chengl gongl
pronunciation success
A Bt
chulzul *chu2zul Sfang2znl Hangl 201
rent rent
/O i
qiultianl *qiultiand wei2xin *weilxinl
autumn maintain
[N I8
xilgnal *i2gnal Su2zhuangl *ul zhuang!

water mellon

clothing
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T1-T3 T3—T1
Words Non-words Words Non-words
B W2
yilshengl *yi3sheng! yi3jingl *yiljingl
doctor already
4R 119
Jinltian1 *iin3tiand da3kail *dal kail
today open
il FHL
guanixinl *gnan3xinl shon3jil *shonljil
concern cell phone
o DEF
zhongl xin *zhong3xinl bing3gant *binglgan’
center cookie
T /M
xiangljiaol *xctang3jiaol xiao3tonl *sczaol toul
banana thief
KM R
onlhonl *ou3houl shou3dnl *shouldul
Europe captital
g B[
i1 hunang! *xi3zhuangl bei3jingl *beiljing!
suit Beijing
AR T4+
dongl tian' *dong3tian1 da3zhent *dalzhenl
winter injection
B it
shenlgaol *shen3gaol gno3zhil *auo12hil
height juice
REES B
shulzhuol *shu3zhnol gu3xiaol *qulxiaol
desk cancel
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Words Non-words Words Non-words
Zm KK
canjial *candjial dadjial *daljial
participate everyone
FlAL 3
zaolgaol *zavtgaol shang4banl *shang1 ban1
bad work
A i
xingl gi1 *xingdqil zaidshuol *2ailshuol
week what’s more
WK ke
shalfal *shadfal dandgaol *dan1gaol
sofa cake
] %IT
Rhongljiant *Rhongdjianl kedting] el ting]
middle living room
VKR T
bing1 xiangl *bingdsciangl yadzhout *yal zhoul
fridge Asia
e SE
Jiaol tongl Yiaodtongl caiddanl *aildan1
traffic menu
(iipg HLZE
xilfangl *ocidfangl diandchel *dian1chel
west tram
A HA
gongljint “gongdjint hudsciang] *hul xiang]
kilogram mutual
x 2o
banljial *bandjial xindxil *scind xil
move information
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T2T3 T32T2
Words Non-words Words Non-words
i INC
li2kail *li3kail xitao3xinl Fxctao2xin
leave be careful
EE E2iEA]
hui2jial *hui3jial nin3ynel *niuZynel
go home New York
HEE K2
zhiZjiel *zhi3jiel huo3chel *huo2chel
direct train
WER Iz
zuo2tiant *zu03tianl hao3chil *hao2¢hil
yesterday delicious
lIIPN sl
liao2tianl *liao3tian’ hai3bianl *hai2bian’
chat beach
HIEN 1L
gian2tian *qian3tianl da3gong! *da2gong
day before yesterday work
i 22 HAHL
shi2chal *shi3chal er3jil *er2jil
jet lag earphone
Hrp EEPS
q123hong! *qi33hongl you3gnant *youZgnant
among related
HR T 1%
Rhi2gongl *xbi3gongl da3chel *da2chel
staff take a taxi
B HiE
qi2chel *qi3chel pu3tongl *pultongl
cycling ordinary
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T2—2T4 T42T2
Words Non-words Words Non-words
iR WH
ming2tianl *mingdtian] rendzhen *ren2ghenl
tomorrow serious
S H=
JieZhunt *jiedhunl didsanl *di2sanl
get married third
i 4
nian2qingl *niandqingl xtandjinl Fxcian2jin
young cash
P KEF
ti2ga0l *tidgaol dadgel *da2gel
improve big brother
Vet Wi
dn2shut *dudshul chendshan1 *chen2shanl
reading shirt
RIAN F
shi2bal *shidbal Indyind *Iu2yint
eighteen sound recording
5514 2R
pang2biant *pangd bian1 xiadtian *scia2tiand
next to summer
S Fi e
li2hunt 4 hunt niandshul Fnian2shul
divorce study
W T
huangZjint *huangdjinl xiadchel *xiaZchel
gold get off
i 5t PN
nan2jingl *nandjingl dadyuel *da2Zynel
Nanjing

about
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T3—-T4 T4—T3
Words Non-words Words Non-words
] B (e
Jian3danl *ianddan’ Idshil *ly3shil
simple lawyer
IS i
Jin3zhang! *iind zhangl qidchel *qi3chel
nervous car
e 1
lao3shil *laod shil Jiandkang! Hian3kang!
teather health
2N} ME K
xiao3shuol *xzaodshuol changdgel *chang3gel
novel sing
(Sl [1aga)
qi3feil *qidfeil mitandbaol *mian3baol
take off bread
jadl KA
hao3tingl *haodtingl dadyil *da3yil
pleasant to hear coat
HEBS FR
hai3gnan1 *haidgnani bandtianl *ban3tianT
customs quite a while
LN I
Zhuan3jit *zhuandjil yongdgongl *yong3gong!
transfer hardworking
14 E2 i
xu3dnol *scudduol ghandzhengl *zban3zhengl
many war
T Gy
Jin3bal *indbal gengdjial *geng3jial
bar more
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Segment control pairs

Words Non-words Words Non-words
shengl huo2 *ehengl huno2 cheng2wei2 *sheng2wei2
life become
2 [m] 2
chaolji2 *shaolji2 bui2da2 *kni2da?
super answer
Wi 2
gangl cai2 *angl cai2 xue2xi2 *ue2xi2
just now study
gonglynan2 *hong1ynan2 chulfang2 *shu2fang2
park kichen
i (IER
Rhonglguo? *ehongl guo2 gian2nian2 *xian2nian
China year before last
JFI] i
kail men2 *gailmen2 zhao2ji2 *shaoZji2
open the door worry
L REER
ghongl wen2 *chongl wen2 u2qin2 *sulqin2
Chinese football
[EEN D
shang1ren2 *zhanglren2 shi2xi2 *chi2xi2
businessman internship
bulran2 *kulran2 he2lan2 *kee2lan2
suddenly Netherlands
Rt 2
gaollon2 *haol lou2 ling2shi2 *ning2shi2
high-rise snack
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Segment control pairs

Words Non-words Words Non-words
it U
xtao3shi2 jiao3shi2 rendwei2 *zhendwei2
hour think
Jing3cha2 *xing3cha2 Jindlai2 *scind lai2
policeman come in
il e K
Jie3jue2 *xcie3jue2 dadxue2 *tadxne?
solve university
o FaCE
Jtan3cha2 *xian3cha2 gudnian2 *iudnian2
check last year
RAT ey
I3xing2 *nv3xing2 shidhe2 *chidhe2
trip suitable
FIER R
da3qin2 *ta3qin2 shangdlou2 *changdlon2
play ball games g0 upstairs
W EIN
mei3ynan2 *bei3ynan2 kedren2 *hedren2
dollar guest
79 Hiy ]
da3zhe2 *ta3he2 didtu? *tidtn2
give a discount map
Wi RER
nai3you2 *dai3yon2 qiqin2 *iid qin2
cream balloon
eV 123
bhai3ya2 *kai3ya2 kedwen2 *gedwen2
text

The Hague
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