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2 Interlingual Two-to-One Mapping of Tonal
Categories

Abstract

Both Standard Chinese (SC) high- and low-rising tones sound like the rising tone in
Jinan Mandarin (JM). The role of this two-to-one interlingual tonal mapping was
investigated in speech production, speech perception, and lexical access. Statistical
modeling suggests that both SC rising tones overlap with the JM rising tone, with
the high-rising SC tone having a better interlingual category-goodness. A semantic
priming experiment focused on whether and how SC rising tones activate JM words
in native bilinguals’ mental lexicon and to what extent the interlingual category-
goodness exerts its influence on speech comprehension. The bilinguals made
auditory lexical decisions from a list including JM real words, JM non-words, and
SC pseudo-words which sound like other JM real words. The SC pseudo-words
(primes) were followed by the JM real words (targets). These targets were
semantically related or unrelated to the JM real words hinted at by the SC primes.
The SC pseudo-words ended with either high-rising or low-rising tones. The results
showed that both high-rising and low-rising final SC pseudo-words were accepted as
JM real words with a higher-than-chance probability. The activation of JM lexical
items from SC tones was asymmetrical. SC pseudo-words ending with high-rising
tones were more likely and more quickly recognized as real JM words, compared
with their counterparts ending with low-rising tones. However, when accepted as JM
real words, the final low-rising and final high-rising pseudo-words were equivalent
in their semantic priming effects. These results support overlapping divisions of the
tonal acoustic space according to the language mode in lexical access and some
discreteness in the stage between lexical activation and semantic activation.

2.1 Introduction

Two different phonemes in one language matching to one and the same phoneme in
the other language is a common phenomenon in bilingualism. For instance, Dutch
and German learners have difficulty distinguishing English /&/ and /e/ because they
only have /e/ whose acoustic distribution primarily overlaps with, but is still
different from the English /¢/ (Bohn & Flege, 1990; Flege, Bohn, & Jang, 1997).
Similarly, Japanese learners have difficulty distinguishing English /t/ and /1/ because
they only have /¢/ which, while also apico-alveolar, is instead tapped (Best &
Strange, 1992; Miyawaki et al., 1975). Such phenomena have been extensively
investigated in second-language phoneme perception, and the related confusions in
lexical access have also been studied.

In lexical decision, the minimal pairs, which are not contrastive in the native
language become ‘pseudo-homophones’ (e.g. English locket vs. rocket for Japanese
listeners) and prime each other like repetitions for the same word (Anne Cutler &
Otake, 2004; Dufour, Nguyen, & Frauenfelder, 2007; Pallier, Colomé, & Sebastian-
Gallés, 2001). ‘Near-words’ constructed by replacing a phoneme (e.g. English /t/)
with its confusing phoneme (e.g. English /d/) are taken as words by listeners who
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have difficulty distinguishing the pair in their native language (e.g. Dutch /t/ and /d/
are neutralized in word-final position'); for the non-native listeners in repetition
priming, such ‘near-words’ embedded in a context also prime the corresponding real
word (e.g. ‘half lied” primed ‘flight’) causing ‘phantom word activation’ (Broersma
& Cutler, 2008).

The two-to-one interlingual mapping can be asymmetrical. For instance, the
Japanese /r/ is perceptually more similar to the English /l/ than the English /r/
(Aoyama, Flege, Guion, Akahane-Yamada, & Yamada, 2004; Iverson et al., 2003).
The phonetic asymmetry also affects how the phonetic representations activate
lexical representations. In auditory picture-word identification, the picture of a
‘locker’ triggered more interference with the selection of the target ‘rocket’ than
vice versa (A. Cutler, Weber, & Otake, 2006). A similar asymmetry was found
between ‘pencil’ and ‘panda’ for Dutch-English bilinguals and Dutch learners of
English (Escudero, Hayes-Harb, & Mitterer, 2008; Weber & Cutler, 2004).
According to Cutler and Weber (2004, 2006), these results support two aspects of
bilingual lexical access. First, the L2 acoustic input is captured by the native
phonemic categories. Second, even though an inaccurate categorization may happen
during the phonetic processing before lexical access, non-contrastive L2 phonemes
in native perception are still stored with distinctive mental representations.

Similar two-to-one mapping patterns also abound in tonal languages and dialects.
For instance, Jinan Mandarin (JM) has only one rising tone (JM T1) (Qian, 1997)
but Standard Chinese(SC) has two rising tones, one high (SC T2) and one low (SC
T3)(Moore & Jongman, 1997; Shen & Lin, 1991). This two-to-one tonal mapping is
conditional. Specifically, this two-to-one cross-language tonal mapping is only valid
in isolation and at prosodic word boundaries, where the SC high- and low-rising
tones are contrastive but only one JM rising tone exists.

The two-to-one interlingual mapping of tones may nevertheless be different from
the previously investigated segmental cases. First, lexical tone is a special type of
phoneme in speech perception and lexical access. Although categorical perception
of native tones is supported by recent neurological studies (Chandrasekaran,
Krishnan, & Gandour, 2009; Xi, Zhang, Shu, Zhang, & Li, 2010), the native
perception of Chinese tones in behavioral studies is ‘quasi-categorical’, neither as
categorical as that of consonants nor as continuous as that of vowels (Hall¢, Chang,
& Best, 2004). Tonal information, compared with segmental information, is also
retrieved later (Ye & Connine, 1999; Zhang & Damian, 2009; Zhang & Zhu, 2011)
and involves different neuronal networks (Liang & van Heuven, 2004) in speech
production. Considering lexical access, although lexical adaptation (McQueen,
Cutler, & Norris, 2006; Mitterer, Chen, & Zhou, 2011) and constraining activation
(Malins & Joanisse, 2010) seem to work similarly in tones and consonants, the
overlap of SC tones alone induced no facilitatory priming effect in implicit priming,
different from the classical effect observed by segmental primes (Chen, Chen, &

! According to (Warner, Jongman, Sereno, & Kemps, 2004), this neutralization of
Dutch word-final /t/ and /d/ may be incomplete. Some sub-phonemic durational
difference is maintained, which, although inconsistent in production, can still be
noticed in perception.
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Dell, 2002). In spite of these studies, the role of tone in perception and lexical access
is little studied in bilinguals who use two tonal systems natively.

Second, aside from the particularity of tone compared with segmental phonemes,
the two-to-one mapping between SC and JM rising tones seems different when
regarding the overlapping of acoustic distributions. The Japanese /t/ is a tap (Vance,
1987), while the English /I/ and /1/ are lateral and central approximants, respectively
(Ladefoged, 2001). The north German /e/ has lower F1 (less open) and higher F2
(more front) than the American English /e/ (Strange, Bohn, Trent, & Nishi, 2004).
Thus in both cases, the two-to-one mapping actually involves three similar but
distinctive phones (i.e. the English /&/, English /e/[¢], and the German /e/[€] ).
However, is this also the case of SC-JM tonal mapping? The acoustic distribution of
the JM rising tone seems to largely overlap with the acoustic distribution of both the
SC high-rising and low-rising tones, although the mapping with the SC high-rising
tone seems to be greater. This mapping asymmetry needs experimental verification
before we make further investigations into their contribution to bilingual lexical
access.

Third, different from the L2 learners in previous two-to-one mapping studies, the
young SC-JM bilinguals are mostly simultaneous or early bilinguals with SC as the
dominant language and received literacy education only in SC. These bilinguals thus
have high proficiency in both dialects and have little difficulty in producing the
correct rising tones according to the language mode and the lexical meaning.

How tonal bilinguals map tonal representations to lexical representations in
speech perception and lexical access, however, needs more investigation. To
investigate this two-to-one interlingual tonal mapping case, some other situations
need to be controlled. On the one hand, the SC low-rising tone has different variants
in non-final position. Before another low-rising tone, the SC low-rising and high-
rising tones are nearly merged (Peng, 2000; Yuan & Chen, 2014) and not
distinguishable in speech perception. The non-final tonal realizations both sound
like the SC high-rising tone in isolation. For instance, ‘land reform’ and ‘alter’ are
homophones in SC, due to the tone sandhi which happens on the first word /thu(low-
rising) + kai(low-rising) -> thukai(high-rising+low-rising) = t"u(high-rising) +
kai(low-rising)/. Also, the rising part of the SC low-rising tone only appears in
isolation at prosodic word boundaries (Garding, Kratochvil, Svantesson, & Zhang,
1986; Hallé et al., 2004). On the other hand, the JM rising tone realizes congruently
higher in non-final positions and seems to only map to the SC high-rising tone.
Thus, JM and SC rising tones have a one-to-one mapping (high-rising with high-
rising) in non-final positions. To avoid the confusion from tone sandhi, SC stimuli
with low-rising tone on the first syllable were avoided in the current study.

The acoustic overlapping between JM and SC rising tones gives rise to
additional questions. How do the SC-JM bilinguals store the rising tones in their
mental lexicon for auditory lexical access? More specifically, do they store the M
rising tone with a separate mental representation or do they store the JM rising tone
integrated with the more similar SC high-rising tone? One possibility is that they
store only two tonal representations, one high-rising and the other low-rising, but the
categorization of the high-rising tone serves both JM and SC lexical access. If this
hypothesis is true, we should expect the canonical realization of the SC low rising
tone to fail matching any tonal representation in JM lexical access. The other



26 Tonal Bilingualism: the Case of Two Closely Related Chinese Dialects

possibility is that the bilinguals store three tonal representations. Then the theory
needs to allow two tonal representations in the same mind to have overlapping
acoustic distributions. This hypothesis also implies that the bilinguals can process
the same tonal realization differently depending on the dialect in use. This is
possible when considering the previous finding that Greek—English early sequential
bilinguals gave different category-goodness ratings for the same physical stimuli
depending on the language mode (Antoniou, Tyler, & Best, 2012). If this hypothesis
is true, the canonical realizations of both the SC high-rising and low-rising tones
could be taken as the JM rising tone in lexical access. Also, similar to the
asymmetry found for both consonants and vowels (A. Cutler et al., 2006; Weber &
Cutler, 2004), acoustic realizations of the SC high-rising tone, compared with that of
the SC low-rising tone, should be better captured by the mental representation of the
JM rising tone. Thus, with the segmental structure aligned, the SC pseudo-word with
a high-rising tone should more likely be accepted as a real JM word. Also, the
lexical decision of the SC high-rising pseudo-word should be faster, considering the
asymmetry found in the bilingual lexical access involving asymmetrical two-to-one
segmental mapping patterns (A. Cutler et al., 2006; Escudero et al., 2008; Weber &
Cutler, 2004).

There is also a further question about the influence of the category-goodness.
The canonical realization of the SC high-rising tone, compared with that of the SC
low-rising tone, is a better exemplar of the JM rising tonal category. As discussed
above, we expect this difference in category-goodness to influence the interlingual
phantom activation of the JM lexical representations. However, to what extent does
this category-goodness maintain its influence in speech comprehension? Researchers
have a strong consensus that the phonological and semantic activation proceed in a
largely parallel way in auditory speech comprehension. For instance, the ‘cohort
model’ suggests that, as soon as the first phonemes of the target word are identified,
the corresponding semantic information is activated to some extent (Grosjean, 1980;
William Marslen-Wilson, 1984; W. D. Marslen-Wilson & Welsh, 1978). This
parallel or cascading view of speech comprehension has been supported by both
behavioral and neurophysiological evidence. For instance, shadowing can be
performed before the utterance ends (W. Marslen-Wilson, 1973). Partial primes are
enough to cause associative priming in sentential context (Zwitserlood, 1989). The
semantic effect on the N400 component onsets before the offset of the eliciting word
(Holcomb & Neville, 1991) and the latency of the N400 component is affected by
whether the pseudo-word is different from the real word at the beginning (O'Rourke
& Holcomb, 2002; Van Petten, Coulson, Rubin, Plante, & Parks, 1999). Comparing
the timing of the N200 ERP components related to the monitoring of phonological
and conceptual features in a Go/noGo paradigm, the former component precedes but
largely overlaps with the later component (Rodriguez-Fornells, Schmitt, Kutas, &
Miinte, 2002). However, these findings did not distinguish lexical activation from
semantic activation. If the tonal category-goodness influences lexical access, does
this influence also reach the semantic level? If it does, SC pseudo-words with high-
rising tone should also increase the semantic activation of the corresponding JM real
word. Alternatively, if the influence of the category-goodness stops after lexical
activation and does not spread to the semantic level, the SC pseudo-words with
high-rising and low-rising tones should show no further difference in semantic
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activation, so long as they succeed in activating the JM lexical node. The strength of
semantic activation can be tested with the semantic priming paradigm.

In the current study, three experiments tested the production, perception, lexical
access, and semantic effects of the SC and JM rising tones. Experiment 1 compared
the acoustic distribution of the two SC rising tones against the JM rising tone and
verified the asymmetrical mapping in speech production. Experiment 2 tested SC
tonal monolinguals’ perception of the JM rising tone as SC tones and verified the
asymmetrical mapping in SC speech perception. Experiment 3 tested SC-JM
bilinguals’ auditory lexical decision of SC pseudo-words (with high-rising and low-
rising tones) as JM real words (with the JM rising tone), as well as their semantic
priming effects on JM real words. The lexical decision of the SC pseudo-words as
JM real words reflects the effect of interlingual tonal goodness in bilingual lexical
access. We expect the SC high-rising pseudo-words to be more likely and quickly
accepted as JM real words. By comparing the semantic priming effects of SC high-
rising and low-rising pseudo-words we want to answer the question whether the
influence of the tonal category-goodness in speech comprehension is maintained at
the semantic level.

2.2 Experiment 1: acoustic distribution of JM and
SC rising tones

Experiment 1 aimed at investigating the acoustic distributions of the JM rising tone
and the two SC rising tones at the end of disyllabic word forms (JM words and SC
pseudo-words).

2.2.1 Participants

Forty-two native JM tonal bilinguals from Jinan (16 male and 26 female, aged
between 23 and 76 years, M = 40.29, SD = 17.04; seventeen SC dominant or
balanced, twenty-five JM dominant) and 48 SC tonal monolinguals from Beijing (7
male and 41 female, aged between 19 and 30 years, M = 22.73, SD =2.95)
participated in this experiment in exchange for payment.

2.2.2 Corpus preparation

The list of stimuli is composed of 16 final-rising disyllabic JM words and their
corresponding SC pseudo-words, which either end with high-rising or low-rising SC
tones (see the appendix for the full list).

The JM final-rising disyllabic words were selected from a 400-word corpus
produced by 42JM speakers. The selection was controlled in that the targeted JM
tonal patterns were produced by at least 88% of the JM speakers in our corpus and
the JM words do not have false-friends in SC. In order to construct the
corresponding SC pseudo-words, these disyllabic JM words also satisfy the criterion
that their monosyllabic compositions have false-friends in SC and do not have
frequent alternative pronunciation. Both JM and SC morphemes can be written with
Chinese characters.
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For each JM final-rising word, a pair of SC pseudo-words was constructed,
which shares the same monosyllabic morpheme in the first syllable and ends with
monosyllabic tonal minimal pairs carrying SC high and low-rising tones,
respectively. For instance, a pair of SC disyllabic pseudo-words were constructed as
<4 4R > /son in(high-rising+high-rising)/ and ‘4g 5| > /son in(high-rising+low-
rising)/,which are homophone candidates for the JM word ‘sound’ /son in([high-
Jrising+rising)/. The SC pseudo-words were then presented with Chinese characters
and named by the SC tonal monolinguals.

For both the JM and SC participants, the printed stimuli were presented in a
different random order for each speaker. After the speaker finished producing a
word or pseudo-word, they pressed a key to see the next word. We used Praat
(Boersma & Weenink, 2014) to extract pitch contours. Only pitch contours on the
rhymes were extracted. A trained phonetician listened to each recording, looked at
the spectrogram, and manually marked the rhyme of each syllable. Also, in this
process, recordings with speech errors or recording errors were excluded from the
corpus. Afterwards, the pitch contours were converted from hertz to semitones with
100Hz as the base and then transformed into z-scores based on the speakers’ means
and standard deviations. This normalization removed the difference of pitch register
across speakers, which is not the focus of the present study. The normalized pitch
contours were then interpolated to 20 points per-syllable to remove the difference in
duration.

2.2.3 Analysis and results

We built Generalized Additive Models (GAM) for the Pitch data, using the ‘mgcv’
package (S. Wood, 2006; S. N. Wood, 2011) in R (R_Core Team, 2013). The data
were stratified according to the JM tonal combinations (each together with their two
corresponding SC tonal combinations) and fitted with separate models. In each
model, a three- level factorial predictor fone [JM rising (JM t1), SC high-rising (SC
t2), and SC low-rising (SC t3)] was included. Smooth functions were used to model
non-linear functional relations between Pitch and the position of the point on the
pitch contour (pnt). Tone (the JM or SC tone carried by the ending syllable) was
included in both the fixed linear predictors and fixed smoothes. The candidates for
random predictors were itemID, set ID (each JM real word and its similar SC final
high-rising and low-rising pseudo-words form a set), and Speaker. Since item ID is
nested under set ID and predictable due to the combination of set ID and tone, we
built models which would otherwise be identical, including item ID and set ID
together, set ID alone, or item ID alone in the random terms. The structure of the
final model was decided by model comparison based on the Akaike Information
Criterion (AIC) likelihood values (Sakamoto & Ishiguro, 1986). The models with
the item ID alone turned out to be the best. Thus, item ID but not set ID was
included in the random terms. After the structure of the model was decided,
autocorrelation values were calculated based on the order of data points in the pitch
contour and the greatest value was included as the AR1 correlation parameter to
build the corresponding AR1 error model (S. Wood, 2006; S. N. Wood, 2011) but
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when the AR1 error model does not improve the original model, the original model
was reported.

The final models for different SC tonal combinations shared the same structure.
Tone was included as the factorial predictor; a thin-plate regression spline smooth
was included to model the interaction of pnt and fone; the smoothes of the by-
Speaker random slope of pnt and the smooth of by-word ID random slope of pnt
were included as the random predictors.

The fitted models accounted for 76.1% of the variance in the data of the JM and
SC rising + (high/low) rising tonal combination, 86.7% of the variance in the data of
the JM and SC high-level + (high/low) rising tonal combination, 76.4% of the
variance in the data of the JM and SC falling + (high/low) rising tonal combination.
The coefficients for the parametric predictors are shown in Table 1. The number of
degrees of freedom in the smooth terms and the associated F-statistics are shown in
Table2. The fitted pitch contours are shown in Figurel.

As shown by the scattered contour plots in Figure 1 (van Rij, Wieling, Baayen,
& van Rijn, 2015), the JM rising tone (JM T1) overlaps with both SC rising tones in
the acoustic distribution, with greater overlap with the SC high-rising tone (SC T2).
As shown by the estimated smoothes in Figure 1, SC final low-rising (SC T3)
pseudo-words carry lower pitch contours on the second syllable than SC final high-
rising (SC T2) pseudo-words and the contours of JM final-rising (JM T1) words lie
in between the two SC rising tones. With the rising (JM T1 & SC T2) and high-level
(JM T3 & SC T1) tones on the first syllable, although the JM tones seem to cover a
slightly smaller and lower pitch register, the cross-dialect mapping is very close.
However, the pitch register of JM low-falling (JM T4) on the first syllable is much
lower than that of the SC falling (SC T4). Hence, it is mainly the shape of the pitch
contour instead of the pitch register that is similar between the JM and SC falling +
rising combinations (JM T4 + T1& SC T4 + T2/T3). Also, the shape of this JM
tonal combination is more similar to the final high-rising SC counterpart than to the
other tonal combinations.

Table 1. Coefficients for the linear predictors in the generalized additive model
fitted to Pitch of JIM & SC production data (** p <0.01, *** p <0.001).

Predictors Estimate Std. Error t value

IMT1+Tl &SCT3+T2/T3 (Intercept) -0.2896  0.1545 -1.875 (n.s.)
rising + (high/low) rising: toneSCt2  0.2642 0.2256 1.171 (nss.)
toneSCt3  -0.6342  0.2262 -2.804**

IMT3 + Tl & SCT1+T2/3 (Intercept) -0.02666 0.09758  -0.273 (n.s.)
high-level + (high/low) rising: ~ toneSCt2 ~ 0.41335  0.13908  2.972%*
toneSCt3  -0.15217 0.13913  -1.094 (n.s.)

IMT4+ Tl & SC T4 + T2/3 (Intercept) -0.61862 0.08596  -7.197***
low-falling + (high/low) rising: toneSCt2 ~ 0.51235  0.12191 4.203%**
toneSCt3  -0.09893 0.12202  -0.811(n.s.)
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Table 2. Coefficients for the smooth terms in the generalized additive model fitted to
Pitch of IM & SC production-identification data (*** p <0.001).

Smooth terms edf Ref.df F

IMT1+ Tl &SCT3+T2/T3 s(pnt):tone]Mtl 1641  16.46  680.99%**

rising + (high/low) rising: s(pnt):toneSCt2 1597  16.41  29.67***
s(pnt):toneSCt3 16.70  16.83  141.81***
s(pnt, Speaker)  708.31 763.00 353.04%**
s(pnt, itemID) 81.94 105.00 806.76***

IMT3+ Tl &SCTI+T2/3 s(pnt):toneJMtl  16.86  16.88  694.26%**

high-level + (high/low) rising:  s(pnt):toneSCt2 16.52  16.87  50.37%**
s(pnt):toneSCt3 16.84  16.96  181.25%**
s(pnt, Speaker)  692.59 763.00 295.54%**
s(pnt, itemID) 104.15 132.00 436.13***

IMT4+TI1 & SC T4+ T2/3 s(pnt):toneJMtl 16.8 16.83  403.6%**

low-falling + (high/low) rising:  s(pnt):toneSCt2  15.2 16.32  44.64***
s(pnt):toneSCt3  16.91 16.98  281.07***
s(pnt,Speaker)  709.57 763.00 490.91***
s(pnt, itemID) 153.69 186.00 67.48***

JMT1+T1&SC T2+ T2/T3 JMT3+T1&SCT1+T2iT3 JM T4+ T1 & SC T4 + T2/T3

1 'Eu;;:‘% :

-score

z

gilch in

1st syllable

normalized time

-

normalized time normalized time

Figure 1. Scattered contour plots (upper panel) and estimated smoothes (lower
panel, random effect removed) for the JM final-rising words [JM TI, scaled from
red (contour identified as SC T2) to yellow (contour identified as SC T3)], SC final-
high-rising pseudo-words (SC T2, green), and S final-low-rising pseudo-words (SC
T3, blue).
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2.2.4 Discussion

Experiment 1 verified that the acoustic distribution of the JM rising tone largely
overlaps with both the SC high-rising and low-rising tones at word final position,
with the overlap with the SC high-rising tone larger than the overlap with the SC
low-rising tone. Despite the distributional overlapping, the GAM modeling showed
that the three rising tones have different distributional centers, with the distributional
center of the JM rising tone lying between the SC high-rising and low-rising tones.

2.3 Experiment 2: identification of JM words as
SC pseudo-words

In Experiment 2, we verified the claim that the acoustic realizations of the JM rising
tone can match both SC high-rising and low-rising tones in SC speech perception
and investigated the relation between interlingual identification and the shape of
pitch contours.

2.3.1 Participants

The forty-eight SC tonal monolinguals who participated in Experiment 1 also
participated in Experiment 2.

2.3.2 Design and Stimuli

The 16 final rising disyllabic JM words (as shown in Appendix) produced by the 42
JM speakers in Experiment 1, with production errors and non-dominant variants
excluded, were used as the stimuli in Experiment 2. Additionally, another SC-JM
tonal bilingual who is highly proficient in both dialects produced the corresponding
SC pseudo-words for each of the 16 JM words, which served as the training stimuli.

2.3.3 Procedure

The SC tonal monolingual participants performed a tonal identification task upon
JM auditory stimuli using the E-Prime software (Schneider, Eschman, & Zuccolotto,
2002) in a quiet room. With the JM words presented binaurally in random order, the
participants judged which of the two corresponding SC pseudo-words printed on the
screen was heard. The participants had 5,000 ms to make the judgment and the
following stimulus appeared 1,000 ms after the response. Thirty-two training trials
with real SC pseudo-words were tested before the crucial trials with feedback. It was
verified that the participants were able to identify the training SC pseudo-words with
high accuracy (ACC) [grand mean ACC = 0.97 (SD = 0.17), by-item ACC ranged
from 0.74 to 1, by-participant ACC ranged from 0.91 to 1].
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2.3.4 Analysis

We built Generalized Additive Models (GAM) for the Pitch data, using the ‘mgev’
package (S. Wood, 2006; S. N. Wood, 2011) in R (D. M. Bates, 2010). Separate
models were built for different JM tonal combinations and smooth functions were
used to model non-linear functional relations between the predictors and the
measurement Pitch. The SC tonal monolinguals’ choice for each stimuli (Choice),
and position of the point in the pitch contour (pnf) were included as the fixed
predictors, and wordID, Speaker, and Participants were included as the candidates
for random predictors. The structure of the final model was decided by model
comparison based on the AIC likelihood values (Sakamoto & Ishiguro, 1986).
Participant did not reach significance or improve the model and was removed.
Similar to the procedure used in Experiment 1, autocorrelation values were
calculated and included as the AR1 correlation parameter to build the corresponding
ARI1 error model (S. Wood, 2006; S. N. Wood, 2011) but when the AR1 error model
does not improve the original model, the original model was reported.

The final models for different SC tonal combinations shared the same structure.
Choice was included as the factorial predictor; a thin-plate regression spline smooth
was included to model the interaction of pnt and Choice. The smooth of the by-
Speaker random slope of pnt and the smooth of the by-word ID random slope of pnt
were included as the random predictors.

2.3.5 Results

The fitted models accounted for 75% of the variance in the data of the JM rising +
rising tonal combination, 86.5% of the variance in the data of the JM high-level +
rising tonal combination, 74% of the variance in the data of the JM low-falling +
rising tonal combination. The coefficients for the parametric predictors are shown in
Table 3. The numbers of degrees of freedom in the smooth terms and the associated
F-statistics are shown in Table 4. The fitted pitch contours of the JM stimuli
identified as final high-rising and low-rising SC pseudo-words and the
corresponding difference contours are shown in Figure 2, Figure 3, and Figure 4. As
shown in these figures, the differences of pitch contours between the stimuli
identified as final high-rising and final low-rising (SC T2 vs. T3) SC pseudo-words
are consistent. Stimuli with relatively lower pitch contours on the second syllable
are more likely to be identified as carrying the SC low rising tone (SC T3) on that
syllable. Also, the stimuli with higher pitch contours on the first syllable are more
likely to be identified as carrying the SC low rising tone on the second syllable.
GAM models similar to those built in Experiment 1 yielded the plots in the
lower panels of Figures 2, 3, and 4. As shown in these plots and the scattered
contours in Figure 1, the SC final low-rising (SC T3) pseudo-words carry lower
pitch contours on the second syllable than the SC final high-rising (SC T2) pseudo-
words. The shape of the difference curves is consistent with the difference curves
from the perceptual data of JM real words. However, the SC final low-rising
pseudo-words do not always carry higher pitch contours on the first syllable for
compensation. Also, it seems that the SC monolinguals’ identification of JM tones
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as SC tones is mostly based on the shape of the pitch contour. As was also shown in
the results of Experiment 1 (Figure 1), the pitch contour of JM low-falling (JM T4)
is much lower than that of the SC falling (SC T4). Although the general pitch
register is different, the relative pitch register of JM low-falling (JM T4), compared
with that of JM rising (JM T1), makes the shape of pitch contour of the M low-
falling + rising (JM T4 + T1) combination more similar to that of the SC falling +
high-rising combination. As shown in Figure 4, the difference curve between the
two identified subcategories is more similar to that of the other JM tonal
combinations than the corresponding SC difference curve. Also, a majority of the
JIM T4 + T1 stimuli were identified as SC final high-rising pseudo-words.

Table 3. Coefficients for the linear predictors in the generalized additive model
fitted to Pitch of JM production-identification data (** p < 0.01, *** p <(.001).

Predictors Estimate  Std. Error tvalue
IMTI1+TI (Intercept) 0.120992  0.288234  0.42(ns.)
rising + rising: Choice: as T3 -0.030936  0.005596  -5.529%**
IMT3+TI (Intercept) 0.17975 0.18029  0.997 (ns.)
high-level +rising:  Choice: as T3 -0.02345  0.00488 -4.805 ***
IMT4+TI (Intercept) -0.453184 0.133084  -3.405%***

low-falling + rising: Choice: as T3 -0.041467 0.005352  -7.748%**

Table 4. Coefficients for the smooth terms in the generalized additive model fitted to
Pitch of IM production data (*** p <0.001).

Smooth terms edf Refdf F
IMT1+TI s(pnt):Choice: as SC T2 16.04 16.05  1082.00%**
rising + rising: s(pnt):Choice: as SC T3 16.15  16.17  269.80***
s(pnt, Speaker) 366.20 377.00 299.30%***
s(pnt, Word ID) 30.69 35.00  829.00%***
IMT3+TI1 s(pnt):Choice: as SC T2 16.61 16.62  1329.70%**
high-level + rising: ~ s(pnt):Choice: as SC T3  16.62  16.64  551.20%**
s(pnt, Speaker) 365.82 377.00 237.80%***
s(pnt, Word ID) 38.54 44.00 640.90%**
IMT4+T1 s(pnt):Choice: as SC T2 16.62  16.64  1248.50%**
low-falling + rising:  s(pnt):Choice: as SC T3 16.57 16.62  144.10%**
s(pnt, Speaker) 366.56 377.00 456.50%**
s(pnt, Word ID) 56.46  62.00  923.30%***

2.3.6 Discussion

Experiment 2 verified that the JM rising tone matches both the SC high-rising and
low-rising tones in interlingual speech perception by naive SC listeners. It is also
found that the interlingual tonal identification is biased by the pitch height in the
specific rendition of the word: when JM final rising words carry relatively lower
ending pitch contours, they were more likely to be identified as the SC final low-



34 Tonal Bilingualism: the Case of Two Closely Related Chinese Dialects

rising pseudo-words. The pitch height in the first syllable also slightly affects the
interlingual tonal perception, in that the higher the previous pitch is, the more likely
the word is to be identified as the SC final low-rising pseudo-words.
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Figure 2. Upper panel: estimated smoothes (left, random effects removed) and the
corresponding difference curve (right) for JM final-rising words (JM Ti1+Tl)
identified as SC final-high-rising (SC T2+T2) and final-low-rising (SC T2+713)
pseudo-words. Lower panel: estimated smoothes (left) and the corresponding
difference curve (right) for SC final-high-rising (SC T2+T2) and final-low-rising
(SC T2+T13) pseudo-words.
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Figure 3. Upper panel: estimated smoothes (left, random effects removed) and the
corresponding difference curve (right) for JM final-rising words (JM T3+Tl)
identified as SC final-high-rising (SC T1+T2) and final-low-rising (SC T1+T3)
pseudo-words. Lower panel: estimated smoothes (left) and the corresponding
difference curve (right) for SC final-high-rising (SC T1+T2) and final-low-rising
(SC T1+T3) pseudo-words.
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JM T4+T1 identified as SC tones JM difference curve: as SC T4+T3 - as SC T4+T2
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Figure 4. Upper panel: estimated smoothes (left, random effects removed) and the
corresponding difference curve (right) for JM final-rising words (JM T4+Tl)
identified as SC final-high-rising (SC T4+T12) and final-low-rising (SC T4+T3)
pseudo-words. Lower panel: estimated smoothes (left) and the corresponding
difference curve (right) for SC final-high-rising (SC T4+T2) and final-low-rising
(SC T4+T13) pseudo-words.
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2.4 Experiment 3: bilingual semantic priming

Experiment 3 used the lexical decision task and semantic priming paradigm to
investigate whether the two SC rising tones can both activate SC-JM tonal bilinguals
JM lexical representations, whether the mapping goodness of the two SC tones to
the JM tonal categories affects the speed of JM lexical activation, and whether the
mapping goodness also affects the semantic activation of the JM words.

b}

2.4.1 Participants

Fifty-five native SC-JM tonal bilinguals from Jinan (15 male and 40 female, aged
between 19 and 36 years, M = 23, SD = 3.85; 45 SC-dominant or balanced, 10 JM-
dominant) participated in this experiment in exchange for payment. All participants
were right-handed, received their literacy educations in SC, and learned some
English at school. Four participants from the Jinan group and 15 participants from
the Beijing group also had some knowledge of other non-tonal foreign languages,
such as French and German.

2.4.2 Design and Stimuli

The present study adopted the semantic priming paradigm. Pairs of SC disyllabic
pseudo-words were constructed with non-sense combinations of Chinese characters
as primes, with one member ending with a high-rising tone and the other member
ending with a low-rising tone. Each pair of pseudo-words was constructed so that
their SC pronunciations may be mapped onto the same JM real words, which carry
final rising tones. The matching JM words were selected from a 400-word corpus
produced by 42 JM speakers (as used in Experiments 1 and 2). The two-to-one
interlingual tonal mapping seems to cause no problem for the younger generations of
SC-JM bilinguals.

To select semantically related targets, we combined the procedures used in
earlier studies (Sumner & Samuel, 2005; Thierry & Wu, 2007). First a printed list of
the primes was presented to a different group of 16 native SC speakers who were
instructed to write down a related word for each item. One or two related targets
were chosen for further selection based on the number of participants who wrote the
given target as response. Then we formed word-pairs by crossing these potential
targets with the primes and the semantic relatedness of these word pairs were rated
on a scale from 1 to 5 by a group of 20 native SC speakers, including some of the
above-mentioned native SC speakers and some new raters. One semantically related
target and one semantically unrelated target were accordingly selected for each
prime. For each JM real word, we used its related SC high-rising pseudo-word, its
related SC low-rising pseudo-word, its semantically related target, and its
semantically unrelated target as stimuli, as shown in the appendix together with the
semantic relatedness data. The stimuli also included 32 JM non-words. A male
native bilingual who is highly proficient in both dialects then produced these words
and non-words accordingly in JM and SC (also a trained phonetician with
Putonghua Proficiency Test Certificates- Level1B).
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The design was a four-by-four Latin square design. Test sets were split into four
lists, participants were also split into four groups, and the combination of prime
conditions (final high-rising or low-rising) and target conditions (semantically
related or semantically unrelated) were counterbalanced across the participants and
test lists, so that each participant experienced every condition in the same number of
trials and heard one prime and one target from each set.

2.4.3 Procedure

Participants were tested individually in a quiet room using the E-Prime software
(Schneider et al., 2002). They were told that they would hear a series of sound
sequences and that they were required to decide whether or not each of these sound
sequences was a real word. Each item was played binaurally through headphones,
with instructions on the screen. A new trial started 1,000 ms after the participant
responded to the previous trial, or 1,000 ms after the response time exceeded 5 s.
Each target was played directly after its corresponding prime with 1,000-ms ISI. The
prime-target pairs were separated with non-word fillers and no prime-target pair was
directly followed by another prime-target pair. In this way, we tried to control the
potential phonological priming between the primes. The crucial test was preceded by
a practice block including 5 words and 5 non-words.

2.4.4 Analysis and results

Analysis 1: Word-identification rates and reaction times to
the primes. A word-identification rate was defined as the probability that a SC
pseudo-word was identified by the SC-JM bilinguals as a real JM word. The average
word-identification rates of both final high-rising and low-rising primes (78.18%
and 67.95%, respectively) are above 50%. The identification data were collapsed
into percentage scores indicating by-participant and by-item word-identification rate.
Both by-participant and by-item t-test showed that the high-rising SC pseudo-words
were more likely be identified as real JM words, by-participant ¢ (54) = 3.38, p <
0.01, by-item 7 (15) =2.98, p < 0.01.

Only the reaction times to the SC pseudo-words, which were accepted as real IM
words, were taken into consideration. The reaction time data were also collapsed by
participant and by item. Both by-participant and by-item t-test showed that the
bilinguals responded faster to the high-rising SC pseudo-words than to the low-
rising ones, by-participant 7 (54) =-5.49, p < 0.001, by-item ¢ (15) = -5.20, p < 0.001.

These results indicate that both final high-rising and low-rising SC pseudo-words
can be accepted as JM real words, although the final high-rising pseudo-words were
more quickly and more likely to be accepted as real JM words.
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Analysis 2: Accuracies and reaction times to the targets. The
responses to the targets were influenced by more factors than the primes. We built
Linear Mixed Effect (LME) models for the accuracy (ACC) and reaction time (RT)
data (D. Bates, Maechler, Bolker, & Walker, 2013; R_Core Team, 2013), including
Prime  Condition (final high-rising/final low-rising), Target Condition
(related/unrelated), and their interactions as the fixed predictors. The candidates for
the random terms included by-participant and by-target random intercepts and by-
prime random intercepts nested under the related JM real word, as well as possible
random slopes. The structure of the random terms in the models reported here was
selected via model comparison based on likelihood ratio tests.

Logistic Linear Mixed Effect (LME) models were built for the binominal
accuracy data. The selected random predictors were by-participant and by-target
random intercepts, X’ pardcipant = 744, Pijparticipanc< 0-001, X jjarger = 2.95, Pijarger< 0.1.
Parametric bootstraps (Singmann, 2014) showed that the main effect of Target
Condition was significant, F' = 9.67, p < 0.01. However, the main effect of Prime
Condition, F = 0.06, n.s., and the interaction of Prime Condition and Target
Condition, F = 0.05, n.s, were insignificant. Compared with the semantically
unrelated targets, target ACC pighrising-prime = 96.4%, target ACC \gy-rising-prime = 96.4%,
the semantically related targets showed significantly higher accuracy rates, target
ACC pigh-rising prime = 99.5%, target ACCoy.rising prime = 99.1%.

Linear Mixed Effect (LME) models were built for the reaction times to the
targets. Only correct responses to the targets were considered and the reaction times
were log-transformed to improve the distribution of the data. In the following
analysis, a model was fit with all the data points, and then a model criticism
removed the data points with standardized residuals exceeding 2.5 standard
deviation units from the data set (less than 2.5% of the data) and refitted the model
with the trimmed data set. We report the model statistics from the trimmed models,
with Satterthwaite approximation for degrees of freedom (Kuznetsova, Brockhoff, &
Christensen, 2013).

The first LME models were built for the responses collected after the
corresponding primes were identified as real JM words. The selected random
predictors were by-participant, by-related-JM real words, and by-target random
intercepts, le\participant = 124649 pllparticipam< 0001, XZl\related-JM real-word — 6849 D1jrelated-
M real-word< 0.01, szarget = 47.99, pijarger< 0.001. As shown in Figure 5, the main
effect of Target Condition was significant, F' (df = 543.73) = 59.04, p< 0.001.
However, the main effect of Prime Condition, F (df = 537.36) = 0.61, n.s., and the
interaction of Prime Condition and Target Condition was insignificant, F' (df =
532.63) = 0.00, n.s. Compared to the semantically unrelated targets, the semantically
related targets were processed faster.
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Figure 5. Interaction plot of Prime Condition (columns) and Target Condition (lines)
for Experiment 3 — Analysis 2.

The second LME models were built for the responses collected after the
corresponding primes were rejected as non-words. The selected random predictors
were by-participant and by-target random intercepts, X participant = 49.75, P1pparticipant <
0.001, X target = 01.10, Pijarger < 0.001. However, none-of the fixed predictors was
significant, F pyime-condition (Af =174.13) = 0.29, n.S., Frarger-condition (df = 190.10) = 0.98,
0.S., Fpyimextarger (df = 170.37) = 1.54, n.s. The reaction time was slightly reduced for
the semantically related targets primed by final high-rising pseudo-words, although
the difference was insignificant.

In sum, both final high-rising and final low-rising SC pseudo-words improved
the accuracy and reduced the reaction times of the targets which are semantically
related to the corresponding JM real words of the primes. The semantic priming
effect was only salient when the SC pseudo-word primes were accepted as real M
words by the bilinguals.

2.5 Discussion and conclusion
2.5.1 Main results and interpretation

Experiments 1 and 2 together clarified the acoustic distribution and perceptual status
of the SC and JM rising tones. Experiment 1 verified the impression that the
acoustic distribution of the JM rising tone largely overlaps with both the SC high-
rising and low-rising tones. As shown in Figure 1, the overlap with the SC high-
rising tone is larger than the overlap with the SC low-rising tone. The GAM
modeling also showed that the distributional center of the JM rising tone lies
between the SC high-rising and low-rising tones. Experiment 2 verified that SC
native monolinguals can perceive the JM rising tone as either the SC high-rising or
low-rising tone. The interlingual tonal identification is largely based on how high
the pitch is in the specific rendition. JM final rising words were more likely to be
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identified as the SC final low-rising pseudo-words when the syllable carried a
relatively lower pitch contour. We also found that the asymmetry is more
pronounced in the interlingual perception of the JM low-falling + rising combination
as SC falling + high-/low-rising combination. This is probably because the JM low-
falling is lower than the SC falling tone, which not only caused the following JM
rising to be perceived as relatively higher, but also caused the whole pitch contour to
match the SC high-rising even better.

Experiment 3 first verified that both the SC high-rising and low-rising tones can
be accepted as the JM rising tone in JM lexical access and activate JM lexical nodes.
The final high-rising SC pseudo-words were more quickly and more likely to be
accepted as real JM words. Thus, the asymmetry also persists in interlingual lexical
access. However, the asymmetry is not kept in the corresponding semantic
activation. As long as the prime was accepted as a JM real word, it primed the
semantically related target but whether the prime carried high-rising or low-rising
tone makes no difference.

2.5.2 Theoretical implication

The interlingual perception of the tonal two-to-one mapping is consistent with the
previous findings based on vowels and consonants (Aoyama et al., 2004; Best &
Strange, 1992; Bohn & Flege, 1990; Flege et al., 1997; Iverson et al., 2003). The
asymmetry in two-to-one interlingual mapping not only exists in vowels (Bohn &
Flege, 1990; Flege et al., 1997) and consonants (Aoyama et al., 2004; Iverson et al.,
2003), but also exists in tones. The asymmetry in tonal mapping has acoustic basis
and perceptual effects, just as in segmental mapping.

The pitch register of the previous syllable serves as a reference in interlingual
tonal identification. This finding is consistent with the previous findings. The same
physical stimuli can be perceived as higher when the previous stimuli are low in
pitch. This applies to both acoustic pitch perception and monolingual tonal
perception (Fox & Qi, 1990; Leather, 1983; Lin & Wang, 1984; Moore & Jongman,
1997; Wong & Diehl, 2003; Wu, 2011). Obviously this also applies to interlingual
tonal perception.

Previous studies on vowels and consonants support that the L2 acoustic input is
captured by the native phonemic categories in lexical access (A. Cutler et al., 2006;
Weber & Cutler, 2004). Also, it has been shown that Greek—English early sequential
bilinguals gave different consonantal category-goodness ratings for the same
physical stimuli depending on the language mode (Antoniou et al., 2012). However,
there is limited evidence in support of overlapping divisions of the tonal acoustic
space according to the language mode in lexical access. The present study first
verified that the acoustic distribution of the JM rising tone overlaps with that of both
SC rising tones and then found that the canonical realizations of the SC high-rising
and low-rising tones could both be accepted as the JM rising tone in lexical access.
Thus, two physical stimuli belonging to different tonal categories in one dialect can
be captured by the same tonal category in the other dialect. The SC-JM early
bilinguals do not store the JM rising tone integrated with the more similar SC high-
rising tone. Instead, our finding supports the claim that two tonal representations
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belonging to different tonal systems in the bilingual mind can be associated with
highly overlapping acoustic distributions.

Effects of consonantal and vowel asymmetry have been shown in interlingual
lexical access in previous studies (Escudero et al., 2008; Weber & Cutler, 2004,
2006). The current study showed that the tonal asymmetry also affects how the tonal
representations activate lexical representations. Since the SC high-rising tone
overlaps more with the JM rising tone in acoustic distribution and its distributional
center is closer to that of the JM rising tone, it is not surprising to find that the final
high-rising SC pseudo-words are more likely to activate the corresponding JM real
words, and do so faster. The current study supported that the asymmetric interlingual
lexical access also involves tonal categories.

Using a semantic priming paradigm, the current study further distinguished the
effect of phonetic asymmetry in interlingual lexical activation and semantic
activation. When priming SC pseudo-words with JM real words, the semantic
priming effect is symmetric and not affected by the interlingual category-goodness.
Although it is strongly supported in the previous studies that the phonological and
semantic activations happen in parallel in speech comprehension (Grosjean, 1980;
William Marslen-Wilson, 1984; W. D. Marslen-Wilson & Welsh, 1978; O'Rourke &
Holcomb, 2002; Rodriguez-Fornells et al., 2002; Van Petten et al., 1999;
Zwitserlood, 1989), the influence of interlingual category-goodness is kept in lexical
access but lost in semantic activation. This finding suggests that there is some
discreteness in the step between lexical activation and semantic activation.

To sum up, the current study investigated the two Standard Chinese rising tones
and their corresponding Jinan Mandarin rising tones in speech production,
perception, and lexical access. The three rising tones form the two-to-one
interlingual mapping pattern. The JM rising tone overlaps with both SC rising tones
in speech production and speech perception and the interlingual mapping is
asymmetric. This asymmetry affects interlingual lexical access by SC-JM bilinguals
and supports the theoretical claim that the tonal acoustic space can be divided in an
overlapping way in bilingual lexical access. The acoustic input is captured by the
native tonal categories depending on the language mode. However, the asymmetric
mapping does not affect the semantic activation after lexical access, which suggests
some discreteness in the step between lexical activation and semantic activation.
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Appendix. Crucial stimuli

Prime related target unrelated target

IM real word SC Hr SCLr M word rlatedness |JM word relatedness
pseudo-word  pseudo-word

7% sound 4RER 2 5] El{% video 3.95 |45 result 1.8

/gay in /gan in /gan in /thu  eian /teie  kuo

(R-R)* (Hr-Hry/ (Hr-Lr)/ (HI-Lfy/ (L-HI)®/

&AL airplane  AELE AEdx K canon 3.8 | & each person  1.65

/fei tei /fei tei /fei tei /ta  phau /ky uei

(R-R)Y/ (Hr-Hr)/ (Hr-Lr)/ (R-Lf)/ (R-Lf)/

2 sign for T2 I+ PR express delivery ~ 4.45 |72k steamed bun 1.3

/tehien sou /tehien sou /tehien sou /khuai  thi /man  thou

(R-R)/ (Hr-Hry/ (Hr-Lr)/ (R-Lf)/ (R-H)"/

564K pioneer R JEL # 4y revolution 44 |FHT help 1.15

/gien tehy /gien tehy /gien tehy /ky  min /pan marn

(R-R)/ (Hr-Hr)/ (Hr-Lr)/ (HI-Lt)/ (L-H)"/

[A %X return home K& KH T4 Chinese New Year 4.3 |401%: leading 1.2

/xuai teia /xuai teia /xuai teia /kuo  nien /lin  eien

(HI-R)Y/ (HI-Hr)/ (HI-Lr)/ (Lf-Hf)/ (HI-RY/

2K outflow i W 7K = land and water 445 | express delivery 1.5

/liou 81 /liou §) /liou 81 /sui  thu /khuai  thi

(HI-R)/ (HI-Hr)/ (HI-Lr)/ (HI-H1Y/ (R-Lfy/

TEE nothing more than 1% 5 EE hAE just like 375 |#RUE rest 1.1

/u fei /u fei /u fei /teiu &, /eiu el

(HI-R)/ (HI-Hr)/ (HI-Lr)/ (R-Lfy/ (Lf-L)"/

H L some Ptk h5 Y% many 345 |HiK technique 1.95

/iou gie /iou eie /iou gie /ey tuo /tel  su

(HI-R)/ (HI-Hr)/ (HI-Lr)/ (HI-R)/ (Lf-L)*/

KK everyone K3 KH HAL each person  4.45 |44 image 1.25

/ta teia /ta teia /ta teia /kx uei /thu  eiap

(Lf-R)/ (F-Hr)/ (F-Lr)/ (R-Lf)/ (HI-Lfy/

FEHT please FEl FEZ - help 4.65 |#ifiy revolution 1.05

/pai thuo /pai thuo /pai thuo /pay  marn /ky  min

(Lf-R)/ (F-Hr)/ (F-Hr) (L-Hf)"/ (HI-Lfy/
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Prime related target unrelated target

JM real word SC Hr SC Lr JM word rlatedness |JM word relatedness
pseudo-word  pseudo-word

{5 2. information 15 J# B3 Hi R technique 445 |52 just like 1.5

/ein el /ein ei /ein el /tel  su /teiu  §\,

(Lf-R)/ (F-Hr)/ (F-Lry/ (Lf-L)*/ (R-Lfy/

wit (L) gravy WH L) W4k JL) |78k steamed bun 3.8 B4k first 1.05

/zou tsor /zou tgor /zou tgor /man  thou /sou  eien

(Lf-R)/ (F-Hr)/ (F-Lry/ (R-H)"/ (HI-RY/

FIZ arrive home F|3E F|H PRI rest 435 |#Z% many 1.15

/tau teia /tau teia /tau teia /eiu el /ey tuo

(Lf-R)/ (F-Hr)/ (F-Lry/ (Lf-L)"/ (HI-R)/

JR A reason AR ] 25 L result 4.7 K48 canon 1.2

/yeen in /yan in /yeen in /teie  kuo /ta  phau

(HI-R)/ (HI-Hr)/ (HI-Lr)/ (L-H)®/ (R-Lfy/

25— first HH gV, TS first 4.6 |7kt land and water 1.05

/tii /tii /tii /sou eien /sui  thu

(Lf-R)/ (F-Hr)y/ (F-Hr)/ (HI-R)/ (HI-H1)/

bR windward 4% A A4 leading 3.7 |id4F Chinese New Year 1

/san fan /san fan /san fon /lig  eien /kuo nien

(Lf-R)/ (F-Hry/ (F-Hr)/ (HI-R)/ (Lf-Hf)/

a. Abbreviation for tones. SC: HI = High-level (1), Hr = High-rising (2), Lr = Low-
rising (dip tone) (3), F = Falling (4). JM: R = Rising (1), Hf = High-falling (2), HI =
High-level (3), Lf = Low-falling (4), H = High (only in sandhi), L = Low (only in
sandhi)

b. Tone Sandhi in the table: R+Hf -> L-Hf, R+HI -> L-HI, Lf+LF -> Lf-L/R-Lf,
Hf+neutral -> R-H, R+neutral -> Lf-L



