® CrossMark
& click for up

JA SA ARTICLE

The effects of native prosodic system and segmental context on
Cantonese tone perception by Mandarin and Japanese listeners

Min Zhu," Xiaoxiang Chen,"® and Yuxiao Yang®®
'College of Foreign Languages, Hunan University, No. 2 Lushan South Road, Yuelu District, Changsha, 410082, China

2Foreign Studies College, Hunan Normal University, 36 Lushan Road, Yuelu District, Changsha, 410081, China

ABSTRACT:

This study explores the effects of native prosodic system and segmental context on the perception of Cantonese
tones by Mandarin and Japanese listeners. In Experiment 1, 13 Mandarin and 13 Japanese subjects took part in a
two-alternative forced-choice discrimination test of Cantonese tones in different segmental contexts (familiar vs
unfamiliar). In Experiment 2, 20 Mandarin listeners participated in a perceptual assimilation task that examined the
cross-language perceptual similarity between Mandarin and Cantonese tones. Results showed that Mandarin listeners
were comparable to Japanese counterparts in discriminability, but the former attended more to pitch contour differ-
ences while the latter were more sensitive to pitch height. Moreover, the effect of segmental context was significant
exclusively in the Mandarin group, whereas the Japanese group performed stably across syllables in discriminating
Cantonese tones. It seemed that unfamiliar context rendered lower perceptual similarity, which further hindered cor-
responding discrimination by the Mandarin group. In addition, segmental effects were mainly observed in the assimi-
lation patterns of category goodness or uncategorized-categorized. These findings suggested that non-native tone

perception could be modulated by listeners’ native prosodic structures in a finer way.
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. INTRODUCTION

Tones are employed in more than 60% of the existing
languages in the world to distinguish lexical meanings, in
particular for most Eastern Asian languages (Yip, 2002).
The acquisition of non-native lexical tones could be chal-
lenging for second language (L2) learners (Francis et al.,
2008; So and Best, 2010, 2014; Tsukada and Kondo, 2019),
and it could be even harder than that of segments (Wong
and Perrachione, 2007). One of the factors causing this diffi-
culty could stem from the phonological system of the learn-
ers’ first language (L1). Listeners as early as in infancy
could attune their perception to the speech sounds existing
in their native languages and ignore the speech contrasts
absent from their L1s, forming differential perceptual reor-
ganization for native and non-native speech sounds (Werker
and Tees, 1984).

In addition to the influence of native language back-
ground, segmental context has been found to affect the per-
ception of tones. Since lexical tones were embedded in
monosyllables, it was argued that tone language listeners
would integrate tone and syllable perception while non-tone
language listeners who lack lexical pitch variations would
not (Repp and Lin, 1990). For example, using a speeded
classification paradigm, Tong et al. (2008) demonstrated
that Mandarin listeners showed an asymmetry in processing
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segmental and suprasegmental dimensions in that tone per-
ception was disturbed more by segmental dimensions than
the reverse. In addition, Tong et al. (2014) found that sylla-
bles exerted greater effects on tonal contrasts of height than
those of contour. The current study aims to investigate how
these two factors affect the perception of Cantonese tones
by Mandarin and Japanese listeners.

In the case of lexical tones, pitch, characterized by
height and contour, plays a primary role along with other
secondary acoustic correlates such as intensity and duration
(Howie, 1976; Moore and Jongman, 1997). Although non-
tone languages also employ pitch variations in natural
speech, these convey paralinguistic information at the sen-
tence level rather than at the word level as in the case of
tone languages (Best, 2019). In the meantime, tone lan-
guages also differ from one another. Aside from canonical
tone languages like Mandarin and Cantonese, there is
another variety of tone languages known as pitch accent lan-
guages like Japanese, Swedish, and Norwegian that also
have restricted pitch variations at the word level (Yip,
2002). Unlike Mandarin or Cantonese (referred to hereafter
as canonical tone languages) where pitch variations occur
on individual syllables, pitch accent languages exhibit rela-
tive pitch differences between successive syllables. Tone
languages can also differ from each other in the numbers of
their tones, which has been assumed to affect non-native
tone perception in previous studies. Specifically, Lee et al.
(1996) argued that L1 tonal experience could assist learners
to perceive a novel tone language only when L1 is more
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complicated than the target language through observing an
asymmetric tone experience in Mandarin and Cantonese.

In addition, defined by pitch trajectories, lexical tones
could be subdivided into level (or static) and contour (or
dynamic) tones (Abramson, 1978). For instance, Mandarin
has one level tone and three contour tones, while Cantonese
has three level tones and three contour tones. It has been
argued that L1 pitch realizations could influence the listen-
ers’ perceptual weight for different acoustic cues (Francis
et al., 2008; Gandour, 1983; Qin and Mok, 2015). Gandour
(1983) reported that non-tone language listeners pay more
attention to pitch height, while tone language listeners are
more influenced by pitch contour in the perception of non-
native tones. Furthermore, the author also found that even
within tone languages, the weight of these two dimensions
could be different in that Mandarin listeners assigned more
weight to pitch contour than pitch height, whereas
Cantonese listeners relied on both height and contour. Aside
from pitch correlates, phonation type (i.e., creaky or
breathy) also plays a crucial role in some tone languages,
such as Burmese and Vietnamese (Tsukada and Kondo,
2019; Yip, 2002). Brunelle (2009) indicated that creakiness
is an important feature of hoi and nga tones of Northern
Vietnamese. However, the effect of phonation type will not
be considered here since voice quality is not a consistent cue
in either Cantonese or Mandarin.

Compared with canonical tone languages, there is a
paucity of empirical research on the perceptual sensitivity of
listeners whose L1 is a pitch accent language. So and Best
(2010) studied Cantonese, Japanese and English listeners’
discrimination of Mandarin tone pairs. The Japanese group
performed systematically better than the Cantonese group
for Tone (T) 1-T4 pair. However, what was left unaccounted
for was which phonetic cues are crucial for Japanese-
speaking listeners. In addition, Tsukada et al. (2016) com-
pared Mandarin tonal perception by Japanese listeners with
and without learning experience. Results indicated that
Mandarin experience assisted learners to outperform naive
counterparts for T2-T3, T1-T2 distinctions, and to be more
immune to speakers and phonemic variations. Given that the
limited literature on the Japanese group was solely based on
Mandarin tone perception, which lacks level contrasts, it
remains unclear as to how a pitch accent system would influ-
ence Japanese listeners’ tone perception in the light of the
relative weight between height and contour.

A. Theoretical framework of perceptual assimilation
model (PAM)

Certain theoretical models have been proposed to pre-
dict non-native perceptual difficulties. For instance, PAM
(Best, 1995) makes predictions regarding listeners’ perfor-
mance in discriminating non-native sounds based on how
they are assimilated to the listeners’ native phonological
system. Six assimilation patterns were proposed: two
category (TC), single category (SC), category goodness
(CG), uncategorized-categorized (UC), uncategorized-
uncategorized (UU), and non-assimilable (NA). When two
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non-native sounds are assimilated to two distinct L1 sounds
(TC), the discriminability could be optimal, whereas the dis-
criminability could be very poor when the two non-native
sounds are equally mapped onto one single L1 sound (SC);
when two non-native sounds are mapped onto a single native
category but with different degrees of similarity (CG), the
discrimination could be moderate to good. The discrimina-
bility of these three types of assimilation patterns generally
follows the sequence TC > CG > SC. On the other hand, if
at least one sound of the non-native phonemic contrast could
not be assimilated to certain native categories, but still falls
into the phonological space of the L1 (in the cases of UC,
UU), listeners would encounter varying degrees of discrimi-
nation difficulty depending on the set of L1 categories (Best,
1995; Best and Tyler, 2007). UC and UU types could be fur-
ther classified as non-overlapping (UC-n; UU-n), partially
overlapping (UC-p; UU-p) and completely overlapping (UC-
¢; UU-c) based on the perceived overlap of L1 categories
(Faris et al., 2018; So and Best, 2014). Faris et al. (2018)
assessed whether naive English listeners’ discriminability for
Danish monophthongs could be predicted via assimilation
overlaps, and results revealed that UU-n (/e/-/o/) contrasts
were more accurately discriminated than UU-p (/oi/-/ui/)
contrasts. Accordingly, UC-n should be discriminated more
accurately than UC-p, which in turn could be better than
UC-c (Faris et al., 2016, 2018).

PAM has been widely employed to explain the percep-
tion of non-native phonemic contrasts based on the mapping
relationships of the non-native contrasts onto listeners’ L1
categories (Best and Strange, 1992; Best et al., 2001; Hao,
2012). With respect to the segmental level, Best and Strange
(1992) argued that the difficulty in discriminating the
English /r/-/l/ contrast observed for Japanese speakers could
be triggered by the equal assimilation of these two English
sounds to the single Japanese category /r/, supporting the
case of SC. On the other hand, the near-ceiling performance
achieved by English learners in discriminating the Zulu con-
trast /4/ and /3/ could be due to TC assimilation (Best et al.,
2001). Aside from segmental perception, the tenets of PAM
were further extended to the realm of the perception of non-
native suprasegmental features as PAM-s by So and Best
(2014). They explored English and French listeners’ dis-
crimination of Mandarin tones, in which the better perfor-
mance observed in T3-T4 was due to TC assimilation of this
pair to French intonation categories. On the other hand, the
failure encountered by Cantonese listeners in discriminating
Mandarin T1-T4 could be attributed to SC assimilation
(Hao, 2012; So and Best, 2010). In general, PAM has pro-
vided plausible explanations for non-native perception based
on assimilation patterns. However, compared with the seg-
mental level, there is still a lack of empirical research
regarding the application of PAM at the suprasegmental
level.

Furthermore, regarding the assessment of cross-
linguistic phonetic similarity between two tonal categories,
numerous studies tended to compare solely the “five-degree”
pitch values, without considering the actual perceived

Zhu et al. 4215


https://doi.org/10.1121/10.0005274

similarity between tones from different languages. “Five-
degree” values, which only reflect the starting and ending
points of pitch contours, could not depict a full picture of
pitch processing in the brain. In Hao (2012), Mandarin T2
(35) was perceived as more similar to Cantonese TS5 (23)
than Cantonese T2 (25) by listeners despite the latter being
more similar to Mandarin T2 in terms of the “five-degree”
scale. Hence, it would be more convincing to determine per-
ceptual similarities based on a perceptual assimilation task
(Strange and Shafer, 2008; Yang et al., 2020). This being the
case, a perceptual assimilation task was carried out in this
study to assess the perceptual similarity between Mandarin
and Cantonese tone systems. Before introducing our study in
detail, previous studies concerning the effects of native pro-
sodic system and segmental context will be systematically
reviewed below to elaborate on the motivation of the present
study.

B. Native prosodic effect on non-native tone
perception

A large number of studies have examined the percep-
tion of non-native tone contrasts with respect to the influ-
ence of speakers’ L1 prosodic system (Burnham et al.,
2015; Francis et al., 2008; Hao, 2012; Lee et al., 1996; Qin
and Mok, 2015; So and Best, 2010, 2014; Tsukada and
Kondo, 2019; Wayland and Guion, 2004; Wang, 2013). It
has been widely reported that L2 tone contrasts absent in L1
could be difficult for non-native listeners to discriminate and
acquire. A well-documented instance is tone perception by
English listeners who displayed much difficulty in discrimi-
nating contour tones (Burnham et al., 2015; Lee et al.,
1996). Meanwhile, perceiving non-native tones could also
be challenging for tone language listeners (Francis et al.,
2008; Hao, 2012; Qin and Mok, 2015; So and Best, 2010).
For instance, Cantonese level tone contrasts caused much
difficulty for Mandarin listeners since they lack level con-
trasts in their phonological system (Francis et al., 2008; Qin
and Mok, 2015).

Generally speaking, the effect of L1 tone experience on
the perception of non-native tones has been frequently dis-
cussed, yet the results are still mixed. Some research indi-
cated that listeners with tone language backgrounds could
perform better than those speaking non-tone languages in
perceiving non-native tones (Lee et al., 1996; Qin and Mok,
2015; Wayland and Guion, 2004). Wayland and Guion
(2004) demonstrated a positive transfer of L1 tonal experi-
ence to L2 tone perception by observing higher accuracy of
Mandarin listeners over English peers in distinguishing mid
and low tonal contrasts in Thai. However, contradictory
results have also suggested that the presence of lexical tones
in the native prosodic system does not necessarily assist
(Francis et al., 2008; Hao, 2012), and can even hinder non-
native tone perception (Tsukada and Kondo, 2019; Wang,
2013). In a cross-language study, Wang (2013) examined
Mandarin tone perception by three groups of novices from
Hmong, Japanese, and English backgrounds, and found that
listeners of Hmong, a complex tone language, performed the
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worst. Therefore, it might be insufficient to conclude an
effect of L1 based solely on whether the language is tonal or
not.

Apart from tonal versus non-tonal comparison, Lee
et al. (1996) reported the role of tonal complexity in non-
native tone perception. The study explored the perception of
Cantonese and Mandarin tones by Mandarin, Cantonese,
and English listeners. Results showed that Cantonese listen-
ers outperformed English listeners in perceiving Mandarin
tones, yet the same superiority was not observed from
Mandarin listeners in perceiving Cantonese tones compared
with English peers. Therefore, Lee et al. (1996) claimed that
tone language experience in L1 could be positively trans-
ferred to L2 only when L1 is more complex than L2.
However, in the perception of Mandarin tones, Hmong lis-
teners who have seven tones in L1 appeared to perform less
accurately than Japanese and English counterparts (Wang,
2013), which contradicts the viewpoint on tonal complexity.
Together, the inconsistent findings from the previous studies
might imply that neither typology (tone vs non-tone) nor L1
tonal complexity can make precise predictions on listeners’
performance in non-native tone perception, and an alterna-
tive account needs to be explored.

It has been extensively reported that native language
experience could shape listeners’ perceptual weight for spe-
cific features, which in turn would modulate the unfamiliar
language perception (Francis et al., 2008; Gandour, 1983;
Yazawa et al., 2020). At the segmental level, Yazawa et al.
(2020) found that unlike native English speakers who used
spectra as a primary cue, Japanese learners of English relied
heavily on temporal cues to distinguish high front vowels
/iz/ and /1/, which could be triggered by the quantity con-
trasts in Japanese phonemes. Turning to the suprasegmental
level, listeners from different language backgrounds attend
to different cues, depending on prosodic features in their
L1s (Francis et al., 2008; Gandour, 1983). Tong et al.
(2014) claimed that Cantonese listeners attended to F0 onset
for the perception of height tones, and FO direction for the
perception of contour tones. Using synthesized tones, Li
et al. (2016) confirmed that both Thai and Vietnamese lis-
teners were more sensitive to the pitch height dimension due
to L1 phonological systems.

The cue-weighting view might account for the findings
of Lee et al. (1996) reviewed above, in that Cantonese con-
trasts both level and contour tones in its tonal system,
whereas English intonation varies mainly in pitch height.
Therefore, Cantonese listeners outperformed English coun-
terparts who lack pitch contour sensitivity in processing
Mandarin tones, because the former could directly transfer
an L1 perceptual cue (pitch contour) to the Mandarin per-
ception. However, the reverse did not hold true since both
Mandarin and English listeners could employ only one
dimension (pitch contour or pitch height) in perceiving
Cantonese tones. Thus, predicting non-native tone percep-
tion from the perspective of L1 pitch height or pitch contour
might be more compelling. Another piece of evidence
comes from Burmese listeners’ failure in perceiving
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Mandarin tones (Tsukada and Kondo, 2019). Although
Burmese listeners have tonal experience in general, they
tend to employ phonation rather than pitch to convey lexical
meanings.

In sum, native experience regarding perceptual cues
rather than the presence of L1 tone experience appears to be a
better predictor of listeners’ perception of novel tones. This
proposal was made explicitly by Francis et al. (2008), who
conducted a training study of Cantonese tone identification by
Mandarin and English native speakers. Both groups exhibited
comparable performances before and after training, yet dif-
fered in terms of specific tonal confusions induced by native
perceptual cues. However, the evidence from Francis et al.
(2008) could be insufficient, since the pitch height variation in
English realized as intonation is also applied in Mandarin sig-
naling post-lexical information, e.g., interrogative vs declara-
tive mood (Liu and Xu, 2005), which demonstrated that the
employment of pitch height is not “English exclusive” in the
context of Francis et al. (2008). Furthermore, the pitch height
variation in English occurs at the sentence level, which could
be intrinsically different from the pitch variations at the lexical
level. Therefore, the investigation of Japanese and Mandarin
in the study could be more compatible with the issue concern-
ing the effect of L1 perceptual cues on non-native tone percep-
tion since both languages employ pitch variations on the
lexical level yet with different cue reliance: Japanese, pitch
height; Mandarin, pitch contour.

C. Segmental effect on non-native tone perception

In addition to the influence of L1 prosodic system, seg-
mental context has been found to affect tone perception as
well (Lee et al., 1996; Repp and Lin, 1990; Tong et al.,
2008; Tong et al., 2014). It has been proposed that tone lan-
guage listeners rather than non-tone language listeners pro-
cess segmental information and tones in an integral way
(Lee et al., 1996; Wayland and Guion, 2004). For instance,
Lee et al. (1996) found an important role of lexical informa-
tion in tone perception for tone language listeners through
observing higher accuracy achieved on real words over
pseudowords. Furthermore, Repp and Lin (1990) and Tong
et al. (2008) also found dependencies between segmental
and suprasegmental features in Mandarin speakers’ tone
processing. Tong et al. (2014) examined the perception of
Cantonese tones embedded in various phonetic contexts by
native Cantonese children. It was found that children per-
formed remarkably differently across /ji/ and /fu/, which
was indicative of interaction between syllables and lexical
tones. Moreover, there was a decreasing level of accuracy
from the tones carried by the same rime-different syllable
onset to different rime-different syllable onset, which further
corroborated the claim that tone perception could be context
dependent. Despite evidence of segmental effect on tone
perception by native speakers, little has been done on non-
native speakers. Thus, it is necessary to explore whether
Japanese listeners would be more similar to canonical tone
language listeners, perceiving syllables and tones integrally,
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or would be more similar to non-tone language listeners,
perceiving them independently.

D. The present study

This study attempts to explore the effects of the native
prosodic system and segmental context on Mandarin and
Japanese naive listeners’ perception of Cantonese tones. The
aims of the study are threefold: First, it aims to find out how
L1 canonical tone or pitch accent system affects Mandarin
and Japanese listeners’ perception of Cantonese tones with
regard to discriminability and perceptual cue weighting.
Second, the study aims to explore how segmental context
affects Mandarin and Japanese listeners’ perception of
Cantonese tones. Third, the study would like to investigate
how native and non-native perceptual similarity modulates
listeners’ discriminability based on PAM-s.

Cantonese is a Chinese dialect mainly spoken in Hong
Kong, Macau, and Guangdong Province in Southern China,
which has a complex prosodic system with six tones (Bauer
and Benedict, 1997). The three level tones [T1 (55), T3
(33), T6 (22)], two rising tones [T2 (25), TS5 (23)], and one
falling tone [T4 (21)] are unevenly distributed in the acous-
tic space, with five of them crowding into the lower part of
the space and T1 being at the top of the space (Peng, 2006).
The FO pattern of Cantonese tones is depicted in Fig. 1. The
balanced tone types of Cantonese (three level tones, three
contour tones) provide an optimal window to probe into lis-
teners’ relative cue weighting. Furthermore, the rich tonal
pairs (15 combinations) provide enough opportunities to
detect perceptual discrepancies.

1. Mandarin and Japanese prosodic systems

Mandarin has four lexical tones, with one level tone
and three contour tones (Chao, 1968). Each lexical tone is
carried by a monosyllable and is used to differentiate lexical
meanings such as T1 ma (55): % “mother”; T2 m4 (35): Jbik
“hemp”; T3 mi (214): & “horse”; T4 ma (51): 25 “to scold”
(see Fig. 1). It is worth mentioning that T3, apart from cita-
tion forms, is usually produced as a low falling tone in dif-
ferent phonological contexts. Four lexical tones are
distributed evenly in the acoustic space and are distinct from
each other in 'O contour (Peng et al., 2012).

Japanese is a pitch accent language, which can be con-
sidered a subtype of tone languages (Yip, 2002). It relies on
the position of the accented mora (H) to differentiate lexical
meanings. Taking “%¥)/ame/” as an example, if the accent
occurs on the first mora, it means “rain”’; if the accent occurs
on the second mora, it means “malt.” However, Japanese
uses pitch variations in a very restrictive way, over two tim-
ing units (morae) rather than one single syllable. Moreover,
Japanese pitch accents are sparsely distributed or even
absent on some words and dialects in contrast to the abun-
dant tonal employment in Mandarin. Accordingly, pitch var-
iations in Japanese over two morae can be realized as high-
high (HH), high-low (HL), and low-high (LH), taking “fuu”
as an example (see Fig. 1).
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FIG. 1. (Color online) FO patterns of Cantonese tones (left panel), Mandarin tones (mid panel), and Japanese pitch accents (right panel). The Cantonese
tones were carried by the syllable /ji/; the Mandarin tones were carried by the syllable /ma/; the Japanese pitch accents were carried by the word /fuu/

adapted from So (2010).

2. Research questions and hypotheses of the study

The present study addresses the following three specific
research questions. Two experiments were designed;
Experiment 1 (a discrimination test) aimed to tackle the first
two questions; Experiment 2 (a perceptual assimilation
task), the third question.

1. How does canonical tone and pitch accent L1s affect the

perception of Cantonese tones by Mandarin and
Japanese learners?
Drawing upon previous findings, it was hypothesized that
Mandarin and Japanese listeners exhibit different patterns
in discriminating Cantonese tones in that the former
attend more to pitch contour, while the latter rely more
on pitch height.

2. How do familiar and unfamiliar segmental contexts affect

the perception of Cantonese tones by Mandarin and
Japanese listeners?
Based on previous findings, we hypothesized that the effect
of segmental context on Cantonese tone perception is lan-
guage specific, so that Mandarin listeners process syllables
and tones integrally; Japanese listeners, on the other hand,
perceive syllables and tones integrally if patterned with
canonical tone language listeners, otherwise they perceive
them more independently as English listeners do.

3. How does cross language perceptual similarity shape the

discrimination of Cantonese tone contrasts?
It was hypothesized that cross language perceptual simi-
larity of tones is susceptible to segmental contexts, and
further affects corresponding discrimination as posited by
PAM-s.

Il. EXPERIMENT 1
A. Method
1. Participants

Thirteen native Mandarin speakers (NM) (six male and
seven female; average age = 22.2 years, standard deviation,
SD = 1.23), 13 native Japanese speakers (NJ) (six male and
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seven female; average age = 20.7 years, SD = 1.32) and 15
native Cantonese speakers (NC) as the control group (eight
male and seven female; average age = 20.1 years, SD = 1.29)
were recruited in the experiment. All of them were undergrad-
vate and graduate students of Hunan University and Hunan
Normal University in Changsha, China. None of the partici-
pants had been exposed to Cantonese or to formal musical
training outside the classroom before.

All NM were born and grew up in Northern China,
speaking standard Mandarin. NJ were exchange students in
Changsha, residing in China for two to six months at the
time of testing. Before coming to China, they had never
been exposed to canonical tone languages before. All NC
were natives of Guangzhou and Foshan cities, Guangdong
Province. Moreover, their Cantonese proficiency was veri-
fied by four native Cantonese speakers from their reading
The North Wind and the Sun (IPA, 1999).

All participants were confirmed as having no speaking
and hearing disorders via a pure-tone hearing screening
(250-8000 Hz at 25 dB hearing level, HL). Informed consent
was signed by each participant in compliance with a proto-
col approved by Human Research Ethics Committee of
Hunan University, and they were rewarded monetarily for
their participation.

2. Materials

Monosyllabic words were used. Two target syllables /ji/
and /tshem/ together with two fillers /fu/ and /jeu/ were
embedded in a carrier sentence: 9o kon x (“I say x”) with
six tones (So and Best, 2010). Each sentence was recorded
five times by two native Cantonese speakers (one female
and one male, both 20 years old) from Guangzhou in a
sound-treated room, yielding a total of 240 sentences (4
syllables x 6 tones x 5 repetitions x 2 speakers).

Syllables /ji/ and /ts"em/ were used for two reasons.
First, they could be affixed to any of the six tones to form
real words in Cantonese.' Furthermore the syllable /ji/ has a
counterpart in both Mandarin and Japanese, while /ts"em/ is
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new for both groups, so that the effect of familiar vs unfa-
miliar segmental context could be examined.

All the recordings were carried out individually using a
microphone (Shure Beta 58a, Niles, IL) with an external
sound card (Avid Mbox 3, Burlington, MA) at 44.1kHz
sampling rate and 16-bit resolution. The recorded words are
listed in Table I. Before recording, the two speakers were
asked to read an article in Cantonese for five minutes to acti-
vate their Cantonese speaking mode. Then they read carrier
sentences presented randomly on the computer screen at a
natural speed.

All target words were extracted using Praat (Boersma
and Weenink, 2019) for the inspection of spectrograms and
waveforms. Two tokens with similar duration and high qual-
ity (O curve clarity) were selected for each word to consti-
tute the final test materials. To control duration and intensity,
96 stimuli (2 tokens x 2 speakers x 4 syllables x 6 tones)
were normalized to 75dB intensity and 600 ms duration to
ensure that naive listeners could hear the stimuli clearly. All
stimuli were verified as correct by the four native Cantonese
speakers mentioned above.

3. Procedures

An AX (two-alternative) forced-choice discrimination
test was performed by three groups of listeners indepen-
dently using a laptop and a head-mounted microphone via
Experiment MFC 7 in Praat. The participants were told that
they would hear pairs of sounds from an unfamiliar lan-
guage and would not receive any feedback. The whole
experiment lasted about 30min, including short breaks
between blocks.

The test composed of 288 trials was divided into four
blocks by syllable and speaker. Each block was made up of
36 tonal pairs (pairwise combinations with six tones)
repeated twice, thus constituting totally 60 different pairs
and 12 same pairs per block.” The presentation order of the
syllable and the speaker was counterbalanced across partici-
pants. Within each trial, listeners heard two words consecu-
tively with an inter-stimulus interval (ISI) of 500 ms and
then were asked to determine whether the two sounds were
the same or not by clicking the box representing “same” or
“different” on the screen. Instructions were written in the
participants’ native languages. It is worth mentioning that
the two sounds used in the “same” pairs in speech stimuli
were not totally identical in acoustics, but two tokens of one
word, so listeners had to make a decision based on “words”
rather than “sounds.” Once participants had made their
choice, the next trial would appear 500ms later

automatically. Before the formal test, a familiarization ses-
sion using fillers was completed by each participant.

Since the first aim of the current study was to test how
different prosodic systems affect Mandarin and Japanese lis-
teners’ cue weighting in discriminating non-native tones, the
15 Cantonese tones were divided into two types: contrast by
height (T1-T3, T1-T6, T2-T5, T3-T6) and contrast by con-
tour (T1-T2, T1-T4, T1-TS, T2-T3, T2-T4, T2-T6, T3-T4,
T3-T5, T4-T5, T4-T6, T5-T6). The discriminability of
Mandarin and Japanese groups was assessed via sensitivity
(hit rate: correct responses for different pairs) following Qin
and Mok (2015).

B. Results of Experiment 1

In the discrimination task, only a few errors of the same
pairs were found for each group. Besides, this study paid
attention to the results of different pairs. Therefore, only
results for the different pairs are reported below, which were
evaluated by hit rate.

1. Overall performance in discrimination

In the discrimination test, the mean hit rates were 0.77,
0.76, 0.92 for NM, NJ, and NC, respectively. For the sylla-
ble /ji/, the mean hit rates of NM, NJ, and NC groups were
0.81, 0.77, 0.94, while they were 0.72, 0.76, and 0.91 for the
syllable /ts"em/. Table II displays the mean hit rates of the
three groups for each contrast type as a function of different
syllables. For statistical analyses, Generalized Linear Mixed
Effect models (GLMM) from the R package Ime4 were
computed. “Response” was calculated as the dependent vari-
able with correct responses coded as “l1,” incorrect
responses coded as “0.” “Subject” with “Syllable” and
“Item” with “Group” were computed as random slopes after
model comparisons. “Group (NC vs NJ vs NC),” “Syllable
(/ji/ vs /ts"em/),” and “Contrast type (height vs contour)”
were computed as fixed effects. Main and interaction effects
were calculated via likelihood ratio tests using the package
car. Post hoc Tukey tests were realized by the package
multcomp, simple main effects were observed by the pack-
age emmeans with the adjustment of Tukey. The GLMMs
on the fixed effects showed that the hit rates for the syllable
/ji/ were significantly higher than those for the syllable
/ts"em/ [p = 0.52, standard error, SE = 0.07, z = 7.21, p
< 0.001], and they were significantly higher in contour con-
trasts than height contrasts [ = 2.54, SE = 0.63, z = 4.03,
p < 0.001]. Moreover, the post hoc test on “Group” showed
no significant difference between NM and NJ in hit rates

TABLE L. The wordlist of target words /ji/ and /ts"em/ carrying six tones (including fillers).

T1 (55) T2 (25) T3 (33) T4 21) T5 (23) T6 (22)
fii/ & Doctor # Chair & Meaning 58 Son E Ear — Two
JtsPem/ {2 Invasion % Dormitory 2 Mingle £ Find % Mushroom & Slander
/fu/ & Husband # Axe E Rich F Symbol % Woman R Father
[jeu/ & Rest MHGrapefruit %1 Young {# Oil /% Friend & Right
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TABLE II. Mean hit rates of the three groups for each contrast type across
syllables in discriminating Cantonese tones.

Group Syllable Contrast type Hit rate.mean Hit rate.sd
Cantonese /tshem/ Contour 0.98 0.13
Cantonese /ji/ Contour 0.99 0.11
Cantonese /ts"em/ Height 0.69 0.46
Cantonese /ji/ Height 0.8 0.4
Japanese /ts"em/ Contour 0.82 0.38
Japanese /ji/ Contour 0.81 0.39
Japanese /tshem/ Height 0.56 0.5
Japanese /ji/ Height 0.65 0.48
Mandarin /ts"em/ Contour 0.89 0.31
Mandarin /ji/ Contour 0.95 0.22
Mandarin /ts"em/ Height 0.26 0.44
Mandarin /ji/ Height 0.43 0.5

[f = 047, SE = 0.27, z = 1.78, p = 0.18], while both
groups were significantly lower than NC (ps < 0.001).
The GLMM with all three fixed effects revealed signifi-
cant main effects of “Group” [}52 (2)=121.54, p < 0.001],
“Syllable” [;(2 (1)=51.5, p < 0.001] and “Contrast type”
[12 (1) =33.95, p < 0.001]. Moreover, significant interac-
tions were observed between “Group” and “Syllable” [}
(2) =24.82, p < 0.001], “Group” and “Contrast type” [’
(2)=75.43, p < 0.001], and “Syllable” and “Contrast type”
[xz (1)=28.87, p < 0.01]. There was no significant three-way
interaction [)(2 (2)=2.09, p = 0.35]. Simple main effect tests
on “Group” x “Syllable” interaction revealed that NC signifi-
cantly outperformed NM and NJ for both syllables /ji/ and
fts™em/ (ps < 0.001), but the two experimental groups were
not significantly different for the syllable /ji/ [f = 0.21, SE
=0.18, z = 1.19, p = 0.14], whereas NJ outperformed NM for
the syllable /ts"em/ [ = 0.53, SE = 0.18, z = 3, p < 0.03].

2. Performance for specific contrast type

The discrimination performances of the three groups for
the two contrast types are presented in Fig. 2. Simple main

/tshem/ [ji/

effect tests on “Group” X “Contrast type” interaction
revealed a significantly better performance of NC than the
two experimental groups for both contrast types (ps < 0.01).
Additionally, in the comparisons between the two experi-
mental groups, results showed that NM performed signifi-
cantly better than NJ for contour contrasts [ = 1.2, SE
= 0.181, z = 6.642, p < 0.001], whereas NJ significantly
outperformed NM for height contrasts [f = 1.51, SE
= 0.261, z = 5.808, p < 0.001]. Moreover, NM, analogous
to NC, discriminated contour contrasts more accurately than
those differing by height (ps < 0.001). NJ, on the other
hand, exhibited a comparable performance for both types of
tone pairs [ff = 0.24, SE =0.11,z = 2.28, p = 0.14].

Besides discrepancies, the three groups also shared uni-
versal patterns in the perception of Cantonese tones. Simple
main effect tests for “Contrast type” x “Syllable” interac-
tion showed that all three groups performed worse for height
pairs than contour pairs regardless of syllables (ps < 0.001).
It was possibly due to the intrinsic high degree of acoustic
similarity (Francis et al., 2008; Qin and Mok, 2015). Height
contrasts were confirmed as less dynamic and categorical
than contour ones (Abramson, 1978; Francis et al., 2003).
Besides, T2-T5, T3-T6 have been found prone to merge
among younger generations (Mok et al., 2013). It is likely
that some Cantonese speakers might inherit the feature after
long-term exposure of this merger, which contributes to
high ambiguity among these pairs in the absence of
contexts.

3. Performance across syllables

As mentioned above, there was a significant interaction
between “Group” and “Syllable.” For the purpose of further
examining the effect of segmental context on tonal discrimi-
nation, simple main effect tests were performed for each
group’s performance across the two syllables. Results
revealed that the effect of “Syllable” was found to be signifi-
cant only for NC and NM [NC: f = 0.651, SE = 0.189,
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z=13.447,p < 0.01; NM: § = 0.98, SE = 0.125, z = 7.861,
p < 0.001], in that higher scores were achieved for syllable
/ji/ than syllable /ts"em/ for both groups. Conversely, NJ per-
formed stably across two syllables [ = 0.24, SE = 0.105, z
= 2.281, p = 0.14]. These findings might indicate a language-
specific effect of syllable in tone perception. That is to say,
speakers from canonical tone languages might be more sus-
ceptible to syllables in non-native tone perception compared
with pitch-accent speakers; however, NC’s lower performance
for syllable /ts"em/ might be attributed to the fact that the
embedded TS5 and T6 were less used in natural communica-
tion. As for NM, only Cantonese T1 (55) produced with sylla-
ble /ji/ could form a real word in Mandarin, it was reasonable
to infer that NM’s superior performance in /ji/ was due to inte-
gral processing of tone and syllable rather than lexical effect.

4. Performance across tone pairs in N

As stated above, syllables had a significant effect on the
discrimination of Cantonese tones by NM. In order to fur-
ther explore the segmental effect and address the third
research question of the current study, namely, how percep-
tual similarity affects the discrimination of Cantonese tone
contrasts, different pairs were compared across syllables for
NM.

The performance of NM for 15 tone pairs across /ji/ and
/ts"em/ is shown in Fig. 3. A “Tone contrast” (15 pairs) x
“Syllable” analysis of variance (ANOVA) was performed.’
Results revealed significant effects of “Syllable” [F
(1, 3090)=59.37, p < 0.001] and “Tone contrast” [F
(14, 3090) = 172.94, p < 0.001]; there was also a significant
interaction between the two factors [F (14, 3090) =6.13, p
< 0.001]. Simple main effect tests for the interaction showed
that the syllable effect was significant only for T1-T6 (p
< 0.05), T3-T4 (p < 0.001), and T3-T6 (p < 0.001). Other
tone pairs were comparable with respect to hit rates over the

two syllables (ps > 0.05). In addition, post hoc pairwise
comparisons between tone contrasts were conducted within
each syllable. For /ji/, the best performances of NM were
observed with T1-T2, T1-T4, and T1-T5, which were signif-
icantly higher than T1-T3, T1-T6, T2-T5, T3-T6, T4-T6 in
hit rates (ps < 0.05); the worst performances were found
with T1-T3, T2-T5, T3-T6, which were significantly lower
than other pairs (ps < 0.05). The discrimination of T1-T6
was moderate, which was found to be significantly higher
than T1-T3, T2-TS5 but lower than the pairs like T1-T2, T1-
T4 (ps < 0.05). For syllable /tsh?,m/, T1-T2, T1-TS5, T2-T3
were three tone pairs that NM found to be the easiest to dis-
criminate, the hit rates of which were significantly higher
than height pairs (ps < 0.05). Similarly, T1-T3, T2-T5, and
T3-T6 were likewise significantly worse than other pairs in
hit rates (ps < 0.05). It is worth noting that the discriminabil-
ity of pairs involving T4 was unstable. For instance, T1-T4
was the second best in /ji/, while it was only moderate in
Jts"em/. Moreover, T3-T4 was comparable to T1-T2 and
T1-T5 for the familiar syllable /ji/ (ps > 0.05), yet it was
significantly lower than T1-T2 and T1-T5 in the context of
the unfamiliar syllable /ts"em/ (ps < 0.01).

C. Interim discussion

Experiment 1 explored the effects of native prosodic
system and segmental context on listeners’ non-native tone
perception. Through a discrimination test, it was shown that
the NM and NJ were comparable in overall performance,
but showed significantly different patterns. In addition, NM
were susceptible to the influence of syllables, performing
more accurately for the familiar syllable than the unfamiliar
one, while NJ demonstrated a stable pattern irrespective of
syllables. This implied a language-specific effect of segmen-
tal context on tone perception, in line with previous studies
(Repp and Lin, 1990; Tong et al., 2008; Tong et al., 2014).
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1. The effect of native prosodic system

The findings in Experiment 1 supported the hypothesis
that language-dependent cue weighting rather than general
experience with tones might determine non-native tone per-
ception, conforming to the studies of Francis et al. (2008).
In this study, although Mandarin is a canonical tone lan-
guage, NM did not significantly outperform NJ in overall
performance. However, the two groups of listeners diverged
in perceptual patterns for specific tone pairs. NM outper-
formed NIJ for tone pairs which are contrasted by pitch con-
tour, whereas NJ performed better than NM for those
distinguished by pitch height. These findings provided evi-
dence for the transfer from the native prosodic system to the
perception of non-native tones, in that NM might primarily
rely on pitch contour to distinguish tones, while NJ would
utilize pitch height in the differentiation of pitch accents at
the word level. Therefore, Japanese and Mandarin listeners
have different cue weightings in perceiving tones. In addi-
tion, the cue-weighting view could explain the previous
findings. For instance, Wang (2013) found that L1 tone
experience did not provide much aid for Hmong listeners in
discriminating Mandarin tones compared with Australian
English listeners. From the perspective of cue weighting, the
results could be accounted for by the fact that Hmong tone
system is mainly characterized by pitch height, while
Mandarin relies on pitch contour. The mismatch of the per-
ceptual cues might lead to invalid transfer from the Hmong
tonal system to the perception of Mandarin tones at the ini-
tial stage.

Moreover, the experiment also displayed some univer-
sal patterns of both groups on their processing of Cantonese
tones. Contour pairs were found easier to discriminate than
height pairs which were difficult even for NC in citation
form, as suggested by previous findings (Mok et al., 2013;
Peng et al., 2012; Qin and Mok, 2015). The common mode
in the perception of Cantonese tones could plausibly be trig-
gered by the psychoacoustic factors mentioned in previous
studies (Hao, 2012; So and Best, 2010). For example,
Cantonese T2 and TS5 share the same contour with minor
discrepancies in height, so do T3 and T6, while contour
tonal contrasts, like T1-T2, diverge not only in pitch height,
but also in direction. Besides, previous studies also indicated
that height tone pairs were perceived more continuously
than contour ones, and the latter were found to be less sus-
ceptible to other factors such as speaker variability (Peng
etal.,2012).

2. The effect of segmental context

Nonparallel segmental effect on the two experimental
groups corroborated the hypothesis that the segmental effect
might be language-specific. Results showed that NM exhib-
ited fluctuations for syllable /ji/ (familiar) and /ts"em/ (unfa-
miliar), which was consistent with previous studies reporting
that tone language speakers would process segmental and
tonal information in an integral way (Lee et al., 1996; Repp
and Lin, 1990; Tong et al., 2008; Tong et al., 2014).
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However, for NJ, the situation was quite the reverse; they
were found to be stable across the two syllables, patterning
closer to English listeners in some sense. The independent
processing of NJ might be attributed to the pitch realization
in their prosodic system where monosyllabic words do not
carry tones, and pitch varies over two syllables, in contrast to
the monosyllabic tones in Mandarin and Cantonese. That
being said, it remains unclear as to how the familiarity of the
syllable influences Mandarin listeners’ discriminating
Cantonese tones, as well as the reason for the decline of dis-
criminability in specific tone pairs, T1-T6, T3-T4, and T3-T6
carried by the unfamiliar syllable.

The above-mentioned perceptual disparities might be
related to the perceptual similarities between Mandarin and
Cantonese tones. According to PAM-s, listeners’ performan-
ces could be subject to the perceptual similarity between the
suprasegmental categories in two languages. The discrimi-
nation might be excellent if a non-native tonal contrast was
assimilated to two categories (TC), but the discrimination
could be struggling to varying degrees if a non-native tonal
contrast was assimilated to one category or if one tone could
not be categorized (SC, CG, UC). It is likely that NM’s
decline of discriminability in the unfamiliar context could
be caused by the perceptual mapping between Mandarin and
Cantonese tones. Since the discriminability between differ-
ent tonal pairs for NM had been explored above,
Experiment 2 was conducted to unveil how listeners would
assimilate Cantonese tones to their native tone categories in
different contexts, seeking plausible accounts for the
observed discrimination patterns (segmental effect) from the
standpoint of PAM-s. Since Japanese lacks overt tonal cate-
gories, the NJ group was not included in this experiment
since they could not be expected to consistently establish
the mappings of the pitch patterns between Japanese and
Cantonese.

lll. EXPERIMENT 2
A. Method
1. Participants

Twenty Mandarin listeners (ten male and ten female;
average age = 21.9years, SD = 1.55) were involved in
Experiment 2, including thirteen subjects in Experiment 1.
The criteria for screening participants were the same as
those in Experiment 1.

2. Materials

The stimuli in Experiment 1 continued to be applied in
Experiment 2.

3. Procedures

NM took part in the perceptual assimilation task inde-
pendently in a quiet classroom. A total of 48 tokens (2
speakers x 2 tokens x 2 syllables x 6 tones) were grouped
into two blocks by syllable (/ji/ and /ts"em/). Within each
block, the stimuli were randomly presented with the
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program Experiment MFC 7 mentioned above. Participants
were asked to assimilate each tone into the Mandarin tonal
system. Five choices were displayed on the screen, includ-
ing the four tones in Mandarin and a “JC” (none) button.
Listeners were allowed to select “JC” only when they could
not assimilate the tone to any of the Mandarin tones (So and
Best, 2014; Yang and Chen, 2019). In this experiment, the
participants were able to listen to the stimuli as many times
as they wished by clicking the replay button. After they
selected the category, they were instructed to rate the simi-
larity between the tone they heard and the corresponding
Mandarin counterpart based on a 7-point Likert scale (1 rep-
resents “least similar” while 7 represents “very similar”). If
the listeners chose “JC” in the last step, the similarity rating
would be abandoned. Similarly, before the formal experi-
ment, a familiarization session with 12 samples was com-
pleted by each participant.

4. Data analysis

In line with previous studies, data of the perceptual
assimilation task were analyzed through assimilation per-
centages and similarity ratings. In addition, degrees of
response diversity were calculated, following Wu et al.
(2014) to measure assimilation consistency via Eq. (1),

/ 1
= R .
> P
i=1

R represents the total number of L1 tone categories and Pi
represents the percentage of responses that a non-native tone
is assimilated to a particular L1 tone category. The mini-
mum diversity (K’ = 1) indicates that the non-native tone
category has been consistently assimilated to a single L1
tone category, while the maximum diversity (K’ = the num-
ber of L1 tone categories) indicates that the non-native tone

K

(D

has been marginally mapped to all given choices in an equal
manner. Degree of response diversity serves as a useful
parameter in revealing the degree of assimilation between
two phonetic inventories. In the current study, the maximum
diversity is 5 for Mandarin listeners (four tone categories
and one “none” option). If the K’ is large (close to 5), the
assimilation between Cantonese and Mandarin tones could
be weak, since the mapping is dispersed to multiple targets
with low degrees of similarity. On the contrary, if the K’ is
small (close to 1), the Cantonese Mandarin perceptual
assimilation could be robust since there is a clear Mandarin
mapping for the Cantonese tone.

B. Results of Experiment 2
1. Perceptual assimilation task

The left panel in Fig. 4 demonstrates the assimilation
between Cantonese and Mandarin tones over /ts"em/ and /ji/
by NM. As shown, the assimilation patterns are similar
across the two syllables except for T4. For the statistical
analysis, the assimilation percentages of Cantonese tones
were analyzed via GLMMs. The multi-level categorical var-
iable of “Mandarin choice” was transferred into binomial
distribution using the package mlogit. “1” (the correspond-
ing Mandarin tone was chosen) and “0” (the corresponding
Mandarin tone was not chosen) were added as dependent
variables with “Mandarin choice” as the fixed effect.
“Subject” and “Item” with “Mandarin choice” were com-
puted as random slopes. The assimilation criteria used here
were consistent with So and Best (2014) in that the fre-
quency of the assimilated item must be significantly higher
than both chance level and that of any other choices. In the
present study, the chance level is 20% for each category
(five options). Results showed that “Mandarin choice” had
significant main effects for all Cantonese tones (ps < 0.001)
except T4 for the syllable /ts"em/ [;° (4)=3.91, p = 0.42].
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FIG. 4. (Color online) Assimilation percentages of NM and corresponding mean goodness-of-fit ratings of Mandarin categories for each Cantonese tone
(left panel) and the degrees of assimilation diversity (K) for two syllables (right panel). Asterisks * indicate the tone could be assimilated. Categories that

were chosen less than 10% are not labeled.
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Post hoc pairwise comparisons showed that the following
mappings were all significantly higher than chance level
(20%) and then other mappings for both syllables: Cantonese
(O) T1 to Mandarin (M) T1; CT2 to MT2; CT3 to MT1; CT5
to MT2, and CT6 to MT1 (ps < 0.001), suggestive of the cor-
responding assimilation patterns. CT4, on the other hand, was
unassimilated to any Mandarin categories in the syllable
/ts™em/ since there was no main effect of Mandarin choice as
mentioned above. In sum, most Cantonese tones were assimi-
lated to the Mandarin tonal system on the basis of the assimila-
tion criteria, except CT4 for the syllable /ts"em/. Specifically,
CT1, CT3, CT6 were all assimilated to MT1, then both CT2
and CT5 were assimilated to MT2, and CT4 was assimilated
to MT3 for the syllable /ji/. Due to the fact that more than one
Cantonese tone was assimilated to MT1 and MT2, goodness-
of-fit rating scores were submitted to Linear Mixed Effects
models to determine the assimilation type of SC or CG.
“Similarity ratings” and “Cantonese tones” were calculated as
the dependent variable and the fixed effect, respectively.
“Subject” and “Item” with “Cantonese tone” were computed
as random slopes. The visual inspection of Q-Q plots and plots
of residuals revealed no obvious deviations from homoskedas-
ticity. For MT1, results showed that goodness-of-fit ratings for
CT1 did not significantly differ from those for CT3 [ = 0.55,
SE = 0.28, t = 1.96, p = 0.07], yet a significant discrepancy
in ratings was observed in CT1-CT6 [ = 1.4, SE = 0.31, ¢
= 4.46, p < 0.001] and in CT3-CT6 [ = 0.87, SE = 0.28, ¢
= 3.1, p < 0.01]. Hence, CT1-CT3 fits SC while CT1-CT6
and CT3-CT6 fit CG. Similarly, no significant difference
was found between CT2 and CT5 in goodness-of-fit scores in
the assimilation to MT2 [ = 0.26, SE = 022, t = 1.17, p
= 0.26], indicating that both two rising tones were equally
assimilated to MT?2 as SC. Taken together, according to PAM-
s, the discriminability of CT1-CT3, CT1-CT6, CT2-CTS5,
CT3-CT6, being SC or CG, could be poor or moderate to
good, which could be worse than other pairs considered as TC.
Comparing the assimilation patterns across two sylla-
bles, it was found that the assimilation percentages of the
categorized tones declined when the carrying syllable was
unfamiliar, except for CT6. In addition, it was also accom-
panied by a decline of goodness-of-fit ratings. Furthermore,
the most obvious divergence between the two syllables lay
in CT4. Specifically, CT4 was assimilated to MT3 by NM in
syllable /ji/, yet it was uncategorized in syllable /ts"em/. As
such, any tone pairs including CT4 in syllable /ts"em/ would
form non-overlapping contrasts of UC, since no L1 category
for CT4 was above chance level. According to So and Best
(2014), the discriminability of UC-n is predicted to be good,
modestly lower than the excellent discriminability of TC.
Therefore, it was hypothesized that tone pairs involving
CT4 would be discriminated slightly worse in syllable
/ts"em/ (UC-n) than /ji/ (TC) for NM according to PAM-s.

2. Degree of diversity

To further explore the segmental effects on perceptual
assimilation, NM’s degrees of mapping diversity (K') for
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Cantonese tones in the context of syllable /ji/ and /ts"em/
were compared using a Linear Mixed Effects model. “K’”
and “Syllable” were calculated as the dependent variable
and the fixed effect, respectively. “Subject” with “Syllable”
was calculated as the random slope. The visual inspection of
Q-Q plots and plots of residuals revealed no obvious devia-
tions from homoskedasticity. Conspicuous disparities of K’
in two contexts are shown in the right panel of Fig. 4.
Statistical results showed that the K’ for the syllable /ji/ was
significantly lower than that for the syllable /ts"em/ [f
=-0.13, SE = 0.05, t = -2.6, p < 0.05], which was indica-
tive of a higher degree of assimilation for /ji/ than for
/ts"em/. The above findings imply that in contrast to the
familiar syllable /ji/, NM tend to perceive Cantonese tones
as less similar to Mandarin counterparts in the context of the
unfamiliar syllable /ts"em/. Combined with the assimilation
patterns shown earlier, it is suggested that segmental context
could have a large impact on the perceived similarity of
Cantonese tones by Mandarin listeners, which in turn influ-
enced the discrimination performance.

C. Interim discussion

First, results of the perceptual assimilation patterns
from Experiment 2 could explain NM’s discriminability for
individual tone pairs in Experiment 1. In general, NM per-
formed significantly better for CT1-CT2, CT1-CT5 than
CT2-CT5, CT1-CT3 with CT1-CT6 falling in between. It
followed the sequence TC > CG > SC, supporting PAM-s
proposal. Additionally, Experiment 2 confirmed and
extended the findings from Experiment 1 regarding the role
of syllables in NM’s perception of Cantonese tones, and
shed light on the intrinsic reasons behind this phenomenon.
Turning to the assimilation patterns and K’ values in
Experiment 2, it was found that NM could not certainly
assimilate Cantonese tones into their native tonal system
with the syllable /ts"em/ as they did with /ji/. In other words,
familiar context renders significantly higher perceptual simi-
larity. More specifically, the most prominent difference was
observed with CT4. In /ji/, a familiar syllable for NM, CT4
was assimilated to MT3, whereas NM could not assimilate
CT4 to any of the Mandarin categories when the tone was
carried by the unfamiliar syllable /ts"em/. These results
might imply the interference of the unfamiliar syllable on
listeners’ assimilation, which could influence discriminabil-
ity. Within the framework of PAM-s, the discrimination of
TC category is better than that of UC category. As demon-
strated earlier, tone pairs including CT4 fitted TC in syllable
/ji/, while they followed UC-n by the syllable /ts"em/.
Therefore, the discriminability of tone pairs containing CT4
would decrease when the context changed from /ji/ to
/ts™em/, which explains the significant decline of hit rate in
CT3-CT4 for /ts"em/ in Experiment 1. On the other hand,
CT1-CT6, CT3-CT6, both being assimilated to the single
Mandarin category in the two syllabic contexts, were dis-
criminated less sensitively in /ts"em/. This asymmetry
seems unaccountable by PAM-s. However, an alternative
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explanation could stem from cognitive views. Given that the = musical experience and dialects which might influence the
unfamiliar syllable /ts"em/ would reduce the perceptual sim-  results.

ilarity of non-native tones, it is likely that listeners’ attention Second, segmental contexts had an asymmetric impact
would be distracted from pitch processing to segment proc- on the native speakers of two languages. Although
essing, whereas in familiar contexts, they could concentrate  Mandarin and Japanese belong to the same typology in gen-
more on subtle pitch distinctions since familiar syllables do  eral (Yip, 2002), NM performed better when tones were car-
not require much cognitive processing. Besides, pitch tracks  ried by the familiar syllable than the unfamiliar one,
of Cantonese tones produced on two syllables could provide = whereas NJ performed stably across both syllables. It seems
an explanation from the acoustic perspective. It can be seen  that NM integrates tones with syllables, whereas NJ, being
in Fig. 5 that pitch tracks are slightly more crowded when influenced by their pitch accent system, does not. These
produced with /ts"em/ than /ji/, especially for CT1-CT6, findings suggest that segmental effect could be language
CT3-CT6. Hence, NM might have encountered greater diffi-  specific, supporting previous research (Repp and Lin, 1990;
culty in the context of /ts"em/. Generally speaking, percep-  Tong et al., 2008). However, results of NJ appeared to be
tual similarity between two tonal systems would play an inexplicable. Apart from different pitch realizations men-
important role in discriminating tone pairs. Although unfa-  tioned above, microprosodic factors might play a role.
miliar syllables could cause more confusion for tone percep-  Given that different types of vowels and consonants bear

tion, the impact was mainly observed in CG and UC pairs. different acoustic properties, it is likely that FO perturba-
tions induced by vowel intrinsic 0 and obstruents contrasts
IV. GENERAL DISCUSSION (voicing or aspiration) would affect tone perception (Cao

and Zhang, 2019; Hombert, 1978; Zheng, 2014). Hombert
(1978) and Zheng (2014) demonstrated that vowel intrinsic
F0 was negatively associated with its openness so that close
vowels would have a higher FO than open ones. As for
obstruents, Cao and Zhang (2019) examined Mandarin and
Japanese listeners’ perception of tone continua and indicated
that a tone carried by aspirated affricates was more easily
perceived as the tone which has relatively lower onset FO
than unaspirated affricates. Since syllables /ji/ and /ts"em/
differ from each other in both onset obstruents and vowels,
microprosodic FO perturbations might partially affect the
results found for segmental effect. Future research could be
better designed to control the segments or to investigate the
effect of phonotactics on novel lexical tone perception.

This study revealed important roles of the native pro-
sodic system and segmental context on tone perception.
First, comparable accuracy but distinct confusions of NM
and NJ confirmed that even though pitch accent L1 speakers
had more limitations in pitch realizations, this might not
induce a disadvantage in perceiving L2 tones, in line with
So and Best (2010). It would seem to be that in the initial
stage of non-native tone perception, perceptual cues in L1
rather than L1 status (tone vs non-tone) could directly mod-
ulate listeners’ performance. If perceptual cues between L1
and the target language are compatible, the L1 perceptual
cue could be deployed to aid tone perception in a novel lan-
guage; otherwise listeners could not benefit from their native
prosodic systems irrespective of tonality. It can also find
support from Wang (2013), who found that Hmong listeners
with poor performance initially made great progress in per-
ceiving Mandarin tones after three-to-four week training, The present study investigated the effects of L1 pro-
shifting more attention from native features to the previ- sodic system and segmental context on the perception of
ously ignored non-native acoustic cues. On the other hand, = Cantonese tones by Mandarin and Japanese listeners. NM
findings of NM and NJ in the current study might contradict  and NJ differed in perceptual patterns but not in overall per-
the Lee et al. (1996) proposal on tonal complexity. With ~ formance, suggesting that L.1 perceptual cues instead of
totally different pitch numbers and scope, NM and NJ per-  tonal experience modulate non-native tone perception, sup-
formed equally well in perceiving novel tones. In addition,  porting Francis et al. (2008). Besides, the effect of segmen-
Lee et al. (1996) did not exclude the extraneous factors like  tal context could be language specific. NM performed worse

V. CONCLUSION
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when tones were carried by the unfamiliar syllable, whereas
NJ demonstrated a stable pattern regardless of segmental
contexts. The discrepancy between the two groups was pos-
sibly due to the different pitch realizations in their prosodic
systems (Mandarin: monosyllable; Japanese: cross sylla-
bles). These findings unanimously indicate that even within
the same typology, different L1 perceptual cues and sylla-
bles could also lead to largely different performances in
non-native tone perception, contributing new findings to the
extant literature from a fine-grained perspective. In future
research, disyllabic words or sentence contexts could also
be examined to obtain more holistic understandings of the
effect of segmental context on the perception of non-native
tones by listeners with pitch accent L1s.
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! Although T5 and T6 in the context of the syllable /ts"em/ are rarely used
in natural speech, it could not affect the results found for Mandarin and
Japanese listeners as an unfamiliar syllable. Moreover, it seems relatively
difficult to find another Cantonese syllable meeting the two requirements
mentioned in the article. For this reason, /ts"em/ is still an eligible sylla-
ble. And to balance the experiment, we choose only one familiar syllable
and one unfamiliar syllable. Therefore, fillers /fu/ and /jeu/ would not be
used in the formal experiment though /fu/ as a familar syllable also satis-
fies our criteria.

>The number of different pairs was larger than that of same pairs in the cur-
rent study, which, intuitively, might induce bias for “different” responses
for the same trials, rendering more errors. The results, in effect, revealed
only very few errors for the same pairs. Additionally, this study focuses
on the results of different pairs. Therefore, the unbalanced design did not
appear to have affected the results.

*We adopted ANOVA to explore Tonal contrasts x Syllable interaction
since GLMM could not be used for convergence issues.
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