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Abstract

Aim: In this study, we examine the production of Cantonese tones by preschool Urdu-
Cantonese children living in Hong Kong.

Methodology: 21 L1-Urdu L2-Cantonese children (ages 4-6) and 20 age-matched L1-
Cantonese children participated in a picture-naming experiment with 86 words (109
syllables in total).

Data and Analysis: Acoustic analysis was carried out for perceptually correct and
incorrect tone productions of each tone. Comparisons were also made across speaker
groups regarding accuracy rates and error patterns.

Findings: Overall, L1-Urdu participants had lower accuracy and greater tone confusion
than L1-Cantonese participants. The pattern is attributable to influence from Urdu
prosody, ongoing Cantonese tone mergers, and general sensitivity to phonetic
information.

Originality: This is the first empirical study on the acquisition of Cantonese tones by

children who are heritage speakers of a non-tone language.
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Significance: This study extends the literature of early bilingual phonology by
furthering our understanding of an under-studied bilingual population, i.e. heritage
children of a non-tone language acquiring a tone language as the majority language. The
findings of this study also produce implications for the practice of language educators

and speech therapy professionals working with bilingual children.

Keywords
Hong Kong Cantonese, lexical tone, Urdu prosody, early bilingual acquisition, South

Asian heritage speakers in Hong Kong

Introduction

The literature of bilingual phonology has produced influential theoretical models such
as the Perceptual Assimilation Model (PAM; Best, 1995; Best & Tyler, 2007) and the
Speech Learning Model (SLM; Flege, 1996). However, our understanding in this area is
heavily skewed toward adult speakers and segmental acquisition. Research on bilingual
children’s acquisition of suprasegmentals is particularly lacking, but a notable exception
is a vibrant cluster of studies documenting Cantonese tones acquired by overseas

Cantonese heritage children (in Australia: Holm & Dodd, 1999, 2006; in the US: Kan &
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Schmid, 2019) and bilingual children in Hong Kong (Cantonese-Mandarin: Law & So,
2006; Cantonese-English: Mok & Lee, 2018). This study extends this line of research
by examining a distinctive child population, i.e. children who are heritage speakers of a
non-tone language, Urdu, who acquire Cantonese as their second language (L2) and
societal language. These children are born to and raised by families with Pakistani
heritage in Hong Kong. This study thus also contributes to the scholarly works on South

Asian heritage speakers in Hong Kong.

Background literature

L2 tone acquisition

A tone language (e.g. Cantonese) systematically uses pitch pattern to distinguish word
meaning. The literature on L2 tone acquisition—focusing mostly on late learners—
places much emphasis on the influence of the first language’s (L1) prosody (e.g.,
Chang, Yao, & Huang, 2017; Francis, Ciocca, Ma, & Fenn, 2008; Hallé, Chang, &
Best, 2004; Hao, 2012; Wang, Jongman, & Sereno, 2003; Wayland & Guion, 2004).
For example, Hallé et al. (2004) reported that naive L1-French listeners were able to
perceive the acoustic differences among Mandarin tones, but did not show categorical
perception like native Mandarin listeners did. This finding suggested that pitch

perception occurred at the psychophysical level—but not the linguistic level—for
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French listeners, whose non-tone L1 has sentence-level intonation but no lexical-level

prosodic constraint.

A later study by So and Best (2010) further examined how specific L1 prosodic features
would modulate the perception of L2 tones and theorized the influence of L1 prosody in
an extension of the PAM framework, the PAM for Suprasegmentals (PAM-S) model.
They conducted a Mandarin tone identification task with three groups of Mandarin-
naive listeners, who had lexical-tone L1 (Cantonese), pitch-accent L1 (Japanese), or
non-tone L1 (English), respectively. All three groups had more difficulty with Mandarin
tone pairs that had similar phonetic properties than those with dissimilar properties,
indicating the presence of a universal sensitivity to phonetic information. The authors
further showed how between-group differences were accounted for by PAM-S.
Specifically, PAM-S predicts that if L1 also has tones, L2 tones may be assimilated into
L1 tones, with assimilatory routes subject to the acoustic-phonetic mapping between the
two systems; if L1 is a non-tone language (e.g. English, French), L2 tones can be
assimilated either to L1 phrasal/sentential intonation categories, or as uncategorized
intonation patterns, or as non-speech melodic units, and in any case, linguistic
processing of tones may not be available, which is compatible with Hallé et al.’s

findings of French listeners. Since the initial proposal, PAM-S has been successfully
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applied to a number of subsequent studies (Kan & Schmid, 2019; So & Best, 2011,

2014). In the current study, we adopt PAM-S as the main theoretical framework.

As mentioned above, there is a general lack of literature of early bilinguals’ acquisition
of tone, but the topic is getting increasing attention. In particular, a group of studies on
Cantonese tone acquisition by bilingual children have emerged in recent years. Here we
discuss three studies in detail, all involving Cantonese-learning bilingual children whose
other language is a non-tone language: Holm & Dodd (1999, 2006; hereafter “H&D”),

Kan & Schmid (2019; hereafter “K&S”), and Mok & Lee (2018; hereafter “M&L”).

H&D examined the phonological development of L1-Cantonese L2-English children in
Australia (ages 2;0 to 5;7), all of whom were Cantonese-heritage children who used
Cantonese predominantly at home. H&D found high similarity between bilingual
children and their Cantonese monolingual peers in Hong Kong in terms of both tone

production accuracy and error patterns.

However, pronounced differences between bilingual and monolingual children were
reported in later studies, for both perception and production. K&S tested a similar
population in a different English-speaking country, the U.S., at a later stage (ages 5-11).

K&S focused on the perception of two tone pairs: a “similar” pair with the high-rising
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Tone 2 and the low-rising Tone 5, and a “dissimilar” pair with the high-level Tone 1
and the low-falling Tone 4. Bilingual children overall scored lower than monolingual
controls in Hong Kong, especially in the “dissimilar” tone pair. K&S explained the
between-pair differences in the PAM-S model: While the tones in the “dissimilar” pair
are mapped to distinctive English intonational categories (i.e. high-flat Tone 1 to flat
pitch in English; low-falling Tone 4 to statement intonation in English), the rising tones
in the “similar” pair are mapped to the same category (i.e. both to the question

intonation in English), thus leading to worsened distinction of the “similar” pair.

M&L examined a different group, which consisted of Cantonese-English simultaneous
bilinguals (ages 2;0 to 2;6) born to mixed race parents in Hong Kong. Through the
analysis of spontaneous speech recorded in a longitudinal corpus, M&L found that
bilinguals showed a delay in tone development at 2;0, but caught up later at 2;6 as a
group, although considerable individual differences persisted. M&L also noted the use
of a “high-low” template by some bilinguals, presumably influenced by the trochaic

stress pattern in English.

Taken together, previous evidence suggests that early bilinguals’ tone development is
likely delayed and influenced by the (non-tone) prosody of their other language. In this

study, we extend this line of research by examining a novel group of bilingual children,



137

138

139

140

141

142

143

144

145

146

147

148

149

150

151

152

153

154

155

156

who are heritage speakers of a non-tone language (Urdu) living in Hong Kong. This
group can be viewed as the mirror image of the Cantonese-heritage children in H&D
and K&S, while also distinct from the simultaneous bilinguals in M&L. To the best of
our knowledge, there has not been any formal investigation into the tone acquisition of

bilinguals with such background.

Heritage speakers and their language acquisition

Before proceeding, it is worth noting the distinctive features of heritage speakers, i.e.
individuals “raised in a home where one language is spoken who subsequently switch to
another dominant language” (Polinsky & Kagan, 2007:368). Compared to the
simultaneous bilinguals documented in M&L, heritage speakers are different in terms of
both the order of acquisition and the nature of bilingual input. Most importantly,
heritage speakers’ exposure to the majority language (L2) typically only begins when
they start schools, but increases rapidly with schooling, work, and socialization, and

eventually becomes the speaker’s dominant language in most cases.

A mounting literature has been devoted to heritage speakers’ phonology, focusing
predominantly on the heritage language (L1) phonology (as in H&D and K&S, see also
Au et al., 2002; Chang & Yao, 2016, 2019; Chang et al., 2011; Oh et al., 2010;

Polinsky, 2018; Rao, 2015). What is largely unknown, however, is the acquisition of the
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majority language. Some recent studies (e.g. Lloyd-Smith, Einfeldt, & Kupisch, in
press) suggest that adult heritage speakers’ accent in the majority language can be
indistinguishable from that of native monolingual speakers, but this doesn’t mean that
heritage speakers follow the same developmental pathways as monolingual speakers. A
main goal of this study is to open this line of inquiry by comparing heritage Urdu
children’ acquisition of Cantonese (majority language) tones with that of native
Cantonese children. In doing so, we also contribute to the growing literature on heritage

speakers’ prosodic acquisition.

In the following, we provide a brief background of Cantonese tones, Urdu prosody, and

the South Asian community in Hong Kong.

Cantonese lexical tones

Cantonese has six phonological tones: Tone 1 (high level [55]), Tone 2 (high rising [25]),
Tone 3 (mid level [33]), Tone 4 (low falling [21]), Tone 5 (low rising [23]) and Tone 6
(low level [22]) (Mok, Zuo, & Wong, 2013). The tones are differentiated mainly in pitch
height (high, mid, low), pitch contour (level, rising, falling), and the magnitude of pitch
shift (Khouw & Ciocca, 2007). In this paper, we refer to these tones by shorthand names
(“T17-“T6”) in text and by tone numbers (1-6) in IPA sequences (e.g. [sy4]). Figure 1

shows the FO contours of all six tones based on a male adult speaker’s production.
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Figure 1. FO traces of the six lexical tones averaged across four syllables ([fu], [ji], [s€], and

[si]) produced by a male speaker

While tone acquisition is an important developmental milestone, it is not entirely clear

when native Cantonese children complete the process. A number of studies found

evidence of early acquisition before the age of 3 (So & Dodd, 1995; To, Cheung, &

Mcleod, 2013). For example, To et al. (2013) reported near-perfect production (mean

accuracy rate > 98%) even in the youngest age group (2;4-2;9) they investigated.

Meanwhile, recent studies by Wong & Leung (2018) and Mok, Fung & Li (2019)

reported incomplete acquisition at as late as 5 or 6, echoing Wong’s (2013) finding of

protracted tone development in Mandarin children. It is unclear whether the discrepancy

across studies regarding age of acquisition of tones can be completely explained away

10
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by differences in research methods. In this study, we infer between-group differences by
comparing bilingual and monolingual children’s performance in the same experimental

condition.

Another factor that complicates the acquisition of Cantonese tones is the ongoing
mergers of several tone pairs (T2-T5, T4-T6, and T3-T6; see Mok et al., 2013 and
references therein). The merging tones are associated with heightened perceptual
difficulty and weaker acquisition by monolingual children (Lee, Chan, Lam, Van
Hasselt, & Tong, 2015), as a result of reduced perceptual distinction and greater variation
in the input. Recent literature suggests that bilingual children may be susceptible to

ongoing sound change in the input, too (see K&S and Chang & Yao, 2016).

Urdu prosody and Urdu speakers in Hong Kong

Urdu is a Hindustani (Indo-Aryan) language, most widely spoken in Pakistan and well
known for its resemblance to Hindi. While the literature on Hindi-Urdu prosody is
overall scarce (e.g. Hussain, 1997; Jabeen, 2010; Ohala, 1986), it is safe to conclude
that both languages have lexical stress and phrase-/sentence-level intonation but no
lexical tones. A salient feature of Hindi-Urdu prosody is the frequent use of a rising

(LH) contour, especially on non-final content words (Hussain, 1997; Jabeen, 2010).

11
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This feature can also be transferred to an L2, as shown by recent studies of Indian

English (Puri, 2013).

The number of Urdu speakers in Hong Kong has been growing steadily in the past few
decades, as part of the continuing wave of South Asian new immigrants. In particular,
Pakistani-heritage children under 15 almost doubled in number from 2001 to 2011
(Census and Statistics Department of HKSAR, 2011), and contributed the largest group
of ethnic minority admittees in local kindergartens (Hong Kong Unison, 2012). Despite
early immersion in the largely Cantonese-speaking society, minority children showed
great variation in Cantonese proficiency (Hong Kong Unison, 2012), allegedly due to
the varying degrees of Cantonese knowledge of their parents. The rise of the South
Asian-heritage population has stimulated scholarly works on language pedagogy and
education policy (e.g. Li & Chuk, 2015; Shum et al., 2011), but a rigorous linguistic

description of ethnic minority children’s language acquisition is yet to be obtained.

Current research

We report on the first empirical study of Cantonese tone production by Urdu heritage
children in Hong Kong, compared to age-matched Cantonese-dominant children. For
simplicity, we refer to these two groups by their first language, i.e. L1-Urdu or L1-

Cantonese, in this paper.

12
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Given the current literature, we put forward two main hypotheses:
(1) Hypothesis I: L1-Urdu children have lower tone accuracy than L1-Cantonese
controls, as a result of less and later-onset exposure.
(2) Hypothesis II: L1-Urdu children’s acquisition of Cantonese tones is modulated
by (a) influence from Urdu prosody, (b) ongoing tone changes in Cantonese, (¢)

general sensitivity to phonetic information.

Specifically, regarding Hypothesis Ila, we predict that both rising tones (T2 and T5)
will be assimilated to the Urdu LH contour according to PAM-S, undergoing either a
Single Category (when both tones assimilate equally well or poorly) or a Category
Goodness (when one tone assimilates better than the other) assimilation. In either case,
some degree of perceptual difficulty is predicted, more strongly in Single Category
routine than Category Goodness assimilation (see K&S, So & Best, 2010). The other
four Cantonese tones, presumably with no corresponding intonational categories in
Urdu, may be assimilated as either uncategorized pitch patterns (i.e. Uncategorized) or
non-speech melodic units (i.e. Non-Assimilable). Furthermore, greater difficulty is
predicted for tones undergoing the merging process than those that are not (Hypothesis

I1b), and for tones that are perceptually similar than those that are perceptually

13



248  distinctive (Hypothesis Ilc). While I1b and llc may also affect L1-Cantonese children,

249  llais unique to L1-Urdu children.

250

251  Methods

252 Participants

253  The participants are 21 L1-Urdu children (13M, 8F; ages 4;5 to 6;6) and 20 L1-

254  Cantonese children (10M, 10F; ages 4,6 to 6;3). Born and raised in Hong Kong, all the
255  participants were attending local kindergartens at the time of testing, where Cantonese
256 was used as the medium of instruction. The L1-Urdu participants grew up in Urdu-
257  speaking households, with both parents being native Urdu speakers. Due to the high
258  degree of bi(multi)lingualism in the society, both groups may have some exposure to
259  other languages (English, Mandarin, etc), but the exposure should be minimal at their
260  age. All the participants are typically developing, with no known history of

261  developmental delay or speech, language, hearing or cognitive disorder.

262

263  Given the general lack of knowledge of L1-Urdu children’s Cantonese development, we
264  conducted a Cantonese vocabulary assessment for the L1-Urdu participants, consisting
265  of two receptive vocabulary tests—CRVT (the Cantonese Receptive Vocabulary Test;
266  Cheung, Lee, & Lee, 1997) and PPVT-4 (the Peabody Picture Vocabulary Test, 4"

267  edition; Dunn & Dunn, 2007)—and a parental questionnaire.
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All but one L1-Urdu participants took the two vocabulary tests (one participant was
absent from school that day). Both tests had similar procedure: in each trial, the
participant was asked to point to the picture depicting the target word they heard in lieu
of three distractor pictures. CRVT is commonly used in Hong Kong and has gathered
extensive L1-Cantonese developmental norms, whereas PPVVT-4 has been adapted into
Cantonese and Urdu to assess children’s vocabulary knowledge in these two languages.
Our results showed that all the L1-Urdu participants’ CRVT scores were in the bottom
10™ percentile for their age group in CRVT norms, indicating a significantly smaller
Cantonese vocabulary than average L1-Cantonese peers’. Their PPVT-4 scores were
similar for Cantonese (M = 43.6, SD =8.6) and Urdu (M = 38.4, SD =10.5; t(19)=1.54,

p > .1, paired sample t-test, two-tailed).

The majority of L1-Urdu participants (N = 17) returned a completed parental
questionnaire, where parents rated how often their child spoke Cantonese/Urdu at home
on a 5-point scale (1 = never, 5 = all the time). Overall Urdu tends to be more often used
(M =3.59, SD = 1.18) than Cantonese (M = 2.76, SD = 1.15), but the difference did not

reach significance (t(16)=-1.69, p > .1, paired sample t-test, two-tailed).
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Taken together, the L1-Urdu participants clearly lagged behind their L1-Cantonese
peers in Cantonese vocabulary development, likely due to the reduced amount of

Cantonese input.

Production experiment

All the participants completed a picture naming experiment with two tasks in a quiet
room of their school or community centre: a standard picture naming task (hereafter the
“naming” task) where the participant saw a picture and provided an oral response to the
experimenter’s question (e.g. [mel lei4 ka3] ‘What is this?”), followed by a modified
naming task where the participant saw a picture and named after the experimenter did
(hereafter the “repetition” task). The stimuli of the naming task consisted of 41
monosyllabic items (e.g. [fal] ‘flower’) and 23 disyllabic items (e.g. [tin6 wa2]
‘telephone’). The repetition task used 22 monosyllabic items in the form of 11 minimal

pairs that contrasted in tone (e.g. [ten1] ‘lamp’ and [ten3] ‘stool’).

Altogether the experiment used 86 (=41+23+22) word stimuli—with 109 syllable
tokens and 84 unique syllables types (segments + tone), covering all the tones (T1-T6)
and vowels in Cantonese (11 monophthongs: [i], [v], [1], [€], [e], [a], [e], [e], [ul, [v],
[0];11 diphthongs: [ai], [ei], [ei], [ui], [2i], [au], [eu], [iu], [ou], [eY], [eu]). Each tone

appeared in 14 to 23 stimuli (list of stimuli in Supplementary Materials). All the target

16
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words were familiar to the participants, and no instance of unknown words was

reported.

The participants’ productions in the picture naming experiment were recorded using a
Tascam DR-44WL audio recorder connected to an AKG SE300B condenser

microphone.

Perceptual judgment of accuracy

Participants’ productions of the target words were perceptually evaluated for production
accuracy by two native Cantonese speakers independently, both with extensive training
in Cantonese phonetics (interrater agreement > 95%). For perceptually incorrect
productions, the raters further annotated error type (segmental, tonal, or both) and the
closest resembling tone in case of tonal errors. It should be noted that perceptual
judgment was carried out with two judges using unfiltered speech productions, i.e. the
unfiltered-two-judges condition recommended in Mok et al. (2019). Only productions

judged to be correct by both raters were coded as correct in the analysis.

Acoustic analysis

For each syllable token, FO measurements of the voiced interval (manually annotated as

the first and last complete and regular vocal cycles) were extracted from Praat (Boersma

17
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& Weenink, 2017), smoothed by the trimming algorithm in ProsodyPro (Xu, 2013), and
normalized in both time and pitch domains in order to facilitate cross-speaker
comparison. The normalization procedure resulted in 10 measurements of T (see
formula (3); Shi, 1986) per token, equidistant from 5% to 95% of the interval. The T
measure is in the range of [0, 5], comparable to the conventional 5-point tone
description.

5% (log(F0x)—log (FOmin))
3) T, =
( ) * log(FOmax)—10og (FOmin)

, where FOmin and FOmax are talker-specific minimal

and maximal FO measurements in the data

Six acoustic features were derived for each syllable token to characterize the pitch
pattern in the voiced interval:

e MinT: Minimal pitch (in T)

e MaxT: Maximal pitch (in T)

e MeanT: Mean pitch (in T)

e ExcursionT: The difference between MinT and MaxT. If MinT occurs before
MaxT, ExcursionT is positive (i.e. upward pitch contour); otherwise ExcursionT
is negative (i.e. downward pitch contour).

e SlopeT: ExcursionT divided by the lapse of time (in number of time points)
between MinT and MaxT. The sign of SlopeT follows the sign of the

corresponding ExcursionT.
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e Dur: log-transformed duration (in s) of the voiced interval.

Two additional features regarding the timing of Min(Max)T were derived for tokens of
rising tones (T2 and T5), which typically have more complex pitch contours as shown
in Figure 1.

e MinTPos: The time point where MinT occurs

e MaxTPos: The time point where MaxT occurs

Statistical analysis
The statistical analysis was carried out in R (version 3.5.1; R Core, 2018), using mainly

the Ime4 package (version 1.1-18-1; Bates, Maechler, Bolker, & Walker, 2015).

Results

The complete dataset consists of 4469 syllable tokens (i.e. 109 syllable tokens x 41
participants). After excluding tokens that were judged by at least one rater as only
containing segmental errors but no tonal errors (N = 106), or as overall wrong but no
identified segmental or tonal error (N = 3), the final dataset has 4360 syllable tokens
(L1-Urdu: N =2187; L1-Cantonese: N = 2173). Accuracy was coded as 1 (Correct) if

both raters considered the token correct in tone, or 0 (Incorrect) otherwise.

19



367

368

369

370

371

372

373

374

375

376

377

378

379

L1-Urdu participants achieved an average tone accuracy of 82.6%, significantly lower

than L1-Cantonese participants’ 95.9% (X?(1, N= 4360) = 198.1, p < .001). Only 5 L1-

Urdu participants achieved accuracy over 90%, while all L1-Cantonese participants did

so. Significant variation in accuracy is also observed across tones (X2(5, N= 4360) =

72.2, p <.001), especially for L1-Urdu participants, who had more difficulty with T3

and T4 than other tones (see Figure 2).

100
90
80
70
60

40
30

Mean accuracy rate (%)

20
10

601 SubjGroup
501 . L1-Cantonese
| L1-Urdu
T T2 3 T4 T5 6

Tone

Figure 2. Barplot of production accuracy by tone by speaker group. Error bars indicate the

standard deviation of by-speaker accuracy rate.

Acoustic comparison of perceptually correct and incorrect tone productions

To determine the acoustic differences between perceptually correct and incorrect tonal

productions, we built generalized mixed-effects models for each tone. All the models

20
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started with a common structure, with Accuracy as the dependent variable, all the
acoustic measures (centered) and speaker/item properties (SubjGroup = [L1-Cantonese,
L1-Urdu], SubjGender = [F, M], WordLen (i.e. number of syllables in the embedding
word) = [1, 2], Task = [Naming, Repetition]) as fixed-effects predictors, and random

intercepts for speaker and item.

Each initial model went through a process of backward elimination: in each step, the
weakest fixed-effects predictor (i.e. with the highest p value) was tested for significance
by comparing the model fit with and without this predictor and removed if
nonsignificant, until all the remaining predictors were significant. The resulting models
were checked for collinearity: if the model contains inherently correlated acoustic
measures (i.e., MinT, MaxT, and MeanT; SlopeT and ExcursionT), only the one with
the highest significance would be retained (final model summaries available in

Supplementary Materials).

The models revealed significant acoustic differences between correct and incorrect
productions. The accuracy of T1 and T3 (both level tones) crucially relies on higher
MeanT (T1: =149, p<.001; T3: #=0.46, p = .03); T2 (high-rising), on greater
MaxTPos (= 0.14, p < .001) and MaxT (5 = 0.32, p = .04); T4 (low-falling), on lower

MinT (5 =-0.62, p = .01), lower ExcursionT (f = -0.65, p = .003), and shorter Dur (5 =
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-1.33, p = .004); T5 (low-rising), on greater ExcursionT (5 = 0.28, p = .02) and longer
Dur (5 =0.68, p = .04); and T6 (low-level), on higher MinT (5 = 0.32, p = .02). All the
acoustic effects were expected, except for the positive effect of MinT on T6, which is
probably due to the mispronunciation of T6 as the low-falling T4 (see Analysis of

confusable tone pairs).

The models also revealed a strong effect of speaker group, with L1-Urdu productions
being less accurate than L1-Cantonese ones in all the models (all |z| > 2.5, p <.01),
consistent with the overall accuracy difference between the two speaker groups. Only
models of T3 and T5 showed significant effects of WordLen (T3, T5) and Task (T3),
with tokens from longer (disyllabic) embedding words and the repetition task being
more accurate than those from shorter (monosyllabic) words and the naming task,

respectively.

Tone spaces of L1-Urdu and L1-Cantonese speakers

Figure 3 plots the average tonal contours—with and without pitch normalization—of
each tone by L1-Urdu and L1-Cantonese speakers, based on perceptually correct
productions only. One may notice that the plotted tonal contours were in a compressed
range of T, roughly between 2.5 and 4. This is probably because of a small number of

unusually high- or low-pitched tokens, which would greatly shift the upper/lower bound
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of the pitch range used for T normalization although their effect on average contours
was minimal. Overall L1-Urdu participants showed greater overlap among non-high
tones (T2-T6) than L1-Cantonese counterparts. Another interesting observation from
Figure 3b is that L1-Urdu participants had higher pitch, ~20-30Hz higher on average
than L1-Cantonese counterparts (see Table 1; significant difference for each tone, with

all |t| > 2.45, all p <.019). We return to this in the Discussion section.

427

23



429

430

431

432

433

434

435

L1-Cantonese

L1-Urdu

]
1

A
i
3 - 3-
Bl 3 3 - 2 ﬁ: S'.
q . * ]
E . R Rt R 3 e, 2
- ~r -
-.E ! 2 T, H:
- HL 1 2o

Mormalized FO (T)
.

R 3.
3 . -S'.
L Ve 4|14 §1:4..?-
Breg, TTrptEa |2, PR
2

‘_E
. 2
3--3'-‘2. i ‘.
frig,y e 2
2..2-%‘“3::E'

10 20 30 40 50 60 ¥0 &0 90 100 10 20 30

Mormalized Time (%)

40 50 60 7¥O &0 90 100

(a) Tone space in normalized FO (T).

24

Tone

()

()

- T
© T2
T3
T4

TS

* TG



436

437

438
439

440

441

442

443

L1-Cantonese L1-Urdu
3501
1--1 .1...1...1-..1. 1- R T
300 4. 3. -
T PR . 5.
SRS R R RAETEETRIRN | P S -
SR Tk
173 IS BEESE-EL - L S R gl
250-3"-&“” B -2 1
) Beop. S MR T
LT Q-E’E Lz one
“o. 4. ‘E. TR T
FPerth o
'ﬂ---|4l.-4
R "3 T2
E2DU'
¥ "3 T3
[} .
S 250 ‘4 T4
TS
G- TE
3DD_ 1 '1' 1---1-..1.-.1- 1 -1-.--1-..1
t IRIEE PO R EIES NS 4 q e 3,'3.. ‘?-‘? =
3 .2 E"E’:E ..‘3-'?-'3”3"5:"@-1
2607423790, 2 SRERTNS 3¢ TH IR
E"E-:%'.:%_" '3"“--3'. 4 TH ey
tr | P LEE
- TR ot "4'-3_:.'5-"5
2 & '-4._4
200
10 20 30 40 50 &0 VO 80 90 100 10 20 30 40 50 &0 70O 80 80 100

Mormalized Time (%)

(b) Tone space in raw FO.

Figure 3. Tonal space of L1-Cantonese and L1-Urdu children in (a) normalized FO and (b) raw
FO, based on correct productions only.
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T1 T2 T3 T4 T5 T6

L1- 248.12 241.50 240.22 239.08 244.85 238.19

Can (23.23)  (21.16)  (25.14)  (25.19)  (23.81)  (20.56)

L1- 278.24 272.81 267.50 265.68 268.33 261.58

Urdu  (32.36)  (32.91)  (3421)  (35.15)  (37.73)  (37.55)

444

445 Table 1. Mean FO in Hz (SD) by tone by speaker group.

446

447  Analysis of confusable tone pairs

448  To better understand the error patterns in the production data, we conducted a

449  confusability analysis, using the raters’ transcription of the closest resembling tone for
450  erroneous productions. Table 2 shows the mean rates of mispronouncing a target tone as
451  another, averaged across the two raters’ transcriptions.

452

Mispronounced as

By L1-Cantonese participants By L1-Urdu participants

T1L |[T2 | T3 | T4 |T5 |T6 |T1 |T2 | T3 | T4 |T5 | T6

Target | T1 | - 0 09 |0 0 05 |- 0 39 |10 (O 2.3
tone | T2 |0 - 0 0 23 |05 |10 |- 04 (35 |75 |10
T3 109 (05 |- 1.1 107 |25 |16 |12 |- 83 |26 |93
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453

454
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458
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460

461

462

463

464

465

466

467

468

469

T4 |0 0 0.7 | - 0 15107 |03 |61 |- 4.0 |10.3

T5 |0 25 (01 |07 |- 0 03 81 |19 |81 |- 24

T6 | 0 0103 |29 |04 |- 03 |10 |24 |32 |09 |-

Table 2. Average percentages of target tone productions that were mispronounced as

another tone, separated by tone by speaker group.

As shown in Table 2, L1-Urdu participants had higher error rates and more diverse
errors than L1-Cantonese participants. We further extracted major error patterns for
each speaker group, which were defined as mispronunciation patterns that accounted for
more than 20% of the errors regarding the target tone in both raters’ transcription (20%
is the chance level, assuming a tone is mispronounced randomly as one of the other five
tones). As shown in Table 3, T1, T2 and T5 have identical major mispronunciation
patterns across speaker groups: T1 tends to be mispronounced as the other two level
tones (T3 and T6); the two rising tones, T2 and T5, are mutually confusable, while T5
also tends to be mispronounced as low-falling T4. These patterns concur with the
acoustic analysis presented above. The mispronunciation patterns regarding T3, T4, and
T6 reveal greater distinction across speaker groups: L1-Urdu participants showed
confusion in all possible directions (i.e. T3 > T4, T3->T6, T4>T3, T4>T6, T6>T3,

T6—>T4), while L1-Cantonese participants’ errors were more focused (i.e. T3->T6,
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T4->T6, T6>T4) and patterned closely with the documented tone mergers (T3/T6,

T4/T6; see Mok et al., 2013). We return to this in the Discussion section.

L1-Cantonese L1-Urdu
Major mispronunciation T1->T3, TL>T6 T1> T3, T1>T6
patterns (= means “is T2 > T5 T2 > T5
mispronounced as”) T3> T6 T3> T4, T3> T6
T4 > T6 T4>T3, TA>T6
T5>T2, T5> T4 T5> T2, T5> T4
T6 > T4 T6 > T3, T6 > T4

Table 3. Major mispronunciation patterns by speaker group.

Discussion

In this study, we collected single word productions with a picture naming experiment
from two groups of preschool children in Hong Kong: L1-Urdu children who acquire
Cantonese as an L2 and societal language, and age-matched L1-Cantonese children as

the control group. All the productions were perceptually evaluated for tone accuracy.
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The results show that both L1-Urdu and L1-Cantonese children at ages 4-6 are prone to
erroneous tone productions. The specific acoustic features that distinguish correct and
incorrect productions vary across tones, but overall, the errors are attributable to
inaccurate pitch height (min, max and mean pitch) or pitch contour (direction and
magnitude of pitch change), both of which are critical for Cantonese tone perception
(see Khouw & Ciocca, 2007), suggesting a link between perception and production in

tone acquisition (see Mok et al., 2019).

Our first hypothesis of L1-Urdu children having lower tone production accuracy is
borne out by multiple between-group comparisons. In all six tones, L1-Urdu
participants are significantly less accurate than L1-Cantonese counterparts, consistent
with previous findings of early developmental delay in bilinguals (K&S, M&L). The
finding of high tone accuracy in L1-Cantonese children (>90%) patterns with previous
studies supporting early tone acquisition (So & Dodd, 1995; To et al., 2013), but not
with those suggesting a more protracted tonal development (Mok et al., 2019; Wong &

Leung, 2018).

Our second hypothesis regarding possible sources of influence for L1-Urdu children’s

tone development is largely supported by the current data, although the evidence is

compatible with multiple accounts. The great confusion between the two rising tones,
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T2 and T5, is compatible with the prediction that both tones are assimilated to the Urdu
LH intonation category—more likely via Single Category assimilation, which is
associated with greater perceptual difficulty. Meanwhile, the confusion can also be
explained by the ongoing T2-T5 merger and the accompanying reduced distinction from

the input.

Regarding the other four tones (T1, T3, T4, T6), the PAM-S predicts them to be
Uncategorized or Non-Assimilable into Urdu prosody, depending on whether the tone in
question is acquired as a linguistic (Uncategorized) or non-linguistic (Non-Assimilable)
unit. Neither route facilitates the formation of linguistic categories, but the acquisition
of high-level T1 was greatly aided by its perceptual distinctiveness as the only tone in
the high pitch range. Unsurprisingly, L1-Urdu participants’ production of T1 was on par
with that of L1-Cantonese controls; by contrast, L1-Urdu acquisition of T3, T4 and
T6—all of which are in the mid-low pitch range and have similar contours—showed
both low accuracy and a high degree of confusion, probably under concomitant
influence from being Uncategorized/Non-Assimilable, lack of salient acoustic
distinction, and ongoing tone mergers. It should be noted that the prediction of the
Uncategorized/Non-Assimilable status of these four tones is based on our current
understanding of Urdu prosody, and thus should be revisited if the knowledge is

updated.
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To be fair, L1-Cantonese children’s acquisition is affected by tone mergers and reduced
perceptual distinction as well, as shown by their relatively weak acquisition of T2/T5
and T3/T4/T6 (see also Lee et al., 2015). However, compared with L1-Urdu
participants, L1-Cantonese participants’ error rates are consistently lower, and their
error patterns more closely trace the ongoing tone mergers. One may ask if it is possible
that L1-Urdu children are somehow more affected by ongoing mergers, maybe because
of the nature of their Cantonese input. This speculation is hardly substantiated by the
current evidence. Although L1-Urdu children have less Cantonese input, as reflected by
their smaller vocabulary size, the input should nonetheless be more homogeneous in
nature, as it is predominantly from kindergarten teachers. If so, L1-Urdu children’s
input likely has less variability and more hyperarticulation, both of which should

alleviate the influence of tone mergers.

On a related note, we also observed that L1-Urdu children had significantly higher FO
when producing Cantonese tones than L1-Cantonese children. In fact, both raters
commented voluntarily on the unusually high pitch—which almost sounded unnatural—
of some L1-Urdu participants. We offer three possible accounts for the observation. First,
as mentioned above, L1-Urdu children’s Cantonese input mainly comes from

kindergarten teachers, most of whom are female. Second, L1-Urdu children may use pitch
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range to separate their two languages, using high pitch for Cantonese and lower pitch for
Urdu. Relatedly, they may be in a mode of “performing”—as opposed to speaking—when

producing the nonnative language, and hence exaggerate tones with elevated pitch.

To sum up, both L1-Urdu and L1-Cantonese children’s tone developmental pathways
are influenced by the general phonetic properties of the Cantonese tones and ongoing
tone mergers. L1-Urdu children face additional difficulty because Urdu prosody lacks

correspondence with Cantonese tone categories.

The current results provide the first empirical evidence for reduced production accuracy
in the majority language by preschool-age heritage speakers, compared with L1-
majority language counterparts. Follow-up studies tapping into perception and the
perception-production link in these children are much needed, because the findings
allow a collective understanding of how children develop abstract phonological
categories in early development when influence from the heritage(non-tone) language is
likely prominent. While the current production results seem to pattern with similar
findings of proficiency deficiency in other early bilingual acquisition contexts, heritage
speakers’ acquisition of the majority language has a unique trajectory, with the speaker
(more likely) achieving native-like proficiency in the end, which is often not the case

for other types of L2 acquisition. Thus, we may ask: how do heritage speakers catch up

32



562

563

564

565

566

567

568

569

570

571

572

573

574

575

576

577

578

579

580

581

with L1 speakers in the acquisition of the majority language? Does development of the
majority language interact with decline (or retainment) of the heritage language? These
questions should be addressed in future research to further our understanding of heritage

speakers’ language development.

Conclusion

In line with previous studies (K&S, M&L), we show that bilingual children aged 4 to 6
have smaller vocabulary and are significantly less proficient in producing Cantonese
tones than their L1-Cantonese peers. Specifically, the production patterns of bilingual
children reflect multiple, concurrent sources of influence that are either specific to their
(non-tone) L1 background or universally available for L2 and native speakers alike.
Findings from this study contribute to the general understanding of the language
development of Urdu heritage children in Hong Kong, and open a new line of inquiry
into the developmental trajectory of heritage language speakers’ acquisition of the

majority language.
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Appendix A: List of stimuli for the picture naming experiment

Stimuli Task IPA English gloss
CE Naming tin6 wa2 “telephone”
£ Naming sl “star”

gtz Naming ts"i4 ken1 “spoon”
L Naming | sik6 je5 “cat”

gl Naming | fanl k"e2 “tomato”

15 Naming sy6 “tree”

b Naming mab “horse”

o Naming | t"ou3 “rabbit”

fils Naming syn4 “ship”

E Naming hai4 “shoes”
yal Naming sek6 “stone”
B Naming pen2 “biscuit”
Ve Naming ten1 “lamp”
R Naming puil “cup”
=<3 Naming syl “book”
Naming kweil “turtle”

= Naming sen3 “letter”
== Naming ten3 “chair”
Bl Naming | jeu4 p"iu3 “stamp”
& Naming | piul “watch”
&l Naming sm?2 “rope”
H= Naming jyt6 leen6 “moon”
H. Naming | ji5 “ear”
it Naming | t"ou5 “belly”
= Naming sen4 “lips”
= Naming teu2 “bean”
&% Naming ku2 “drum”
4y Naming nais “milk”
j2¢] Naming jy2 “fish”
¥ Naming | ts"oi3 “yegetable”
G Naming | wu6 si6 “nurse”
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A Naming sy4 “potato”
fiE Naming hai5 “crab”

i Naming tp2 “plate”

5 Naming maul “cat”

B, Naming fen3 kau3 “sleep”

IR Naming meul “meow”
52 Naming mei5 “tail”

AT Naming | ts"0i2 hun4 “rainbow”
Ses) Naming loké6 sik1 “green”
K& Naming tai6 tscen6 “elephant”
Y Naming sei3 “four”

- Naming ji6 “two”
Tk Naming mui4 mui2 “younger sister”
S5 =4 Naming lou5 fu2 “tiger”

R Naming jy5 “rain”

7 Naming tsel “umbrella”
A Naming ney>5 tsei2 “girl”
&% Naming m4 hei6 “no”

4 Naming | tshau2 “fry”

% Naming sek3 “kiss”
EETS Naming ts"een3 kol “sing”
iE7K Naming jeud sey?2 “swim”
B4 Naming t"iu3 sim?2 “skip”

174 Naming tseyl “blow”

I Naming pen6 “sick”

b Naming | syn2 “injured”
1 Naming | k"i5 “stand”

E:l Naming | ts"up5 “heavy”
A6k Naming | t"ou5 o6 “hungry”
B Naming hok6 hau6 “school”
HE Naming tsou2 sen4 “good morning.”
MEZ% Naming m4 koil “thank you.”
H Naming ts"et] min6 “outside”

43




720

721

S Repetition | tenl “lamp”
== Repetition | ten3 “chair”
= Repetition | sy1 “book”
5] Repetition | sy6 “tree”
5 Repetition | sek3 “kiss”

y Repetition | sek6 “stone”
e Repetition | pen2 “biscuit”
5 Repetition | pen6 “sick”
18 Repetition | syn2 “injured”
L Repetition | syn4 “ship”
J2t Repetition | jy2 “fish”
BAl Repetition | jy5 “rain”
= (BE) Repetition | sy4 “potato”
Tt Repetition | sy6 “tree”
Bt Repetition | hai4 “shoes”
g Repetition | hai5 “crab”
H Repetition | ji5 “ear”

_ Repetition | ji6 “two”
)= Repetition | sm1 “star”
4 Repetition | sm2 “rope”
% Repetition | t"ou3 “rabbit”
Bt Repetition | t"ou5 “belly”
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727

728

Appendix B: Summaries of the fixed effects in generalized mixed-effects models on

accuracy.

Model on T1 accuracy

Predictor S z p
MeanT 1.49 5.20 <.001
SubjGroup -1.83 -2.82 .005
(=L1-Urdu)

Model on T2 accuracy
Predictor S z p
MaxT 0.32 2.09 0.04
MaxTPos 0.14 4.26 <.001
SubjGroup -1.92 -6.20 <.001
(=L1-Urdu)

Model on T3 accuracy
Predictor S z p
MeanT 0.46 2.16 0.03
SubjGroup -1.67 -4.45 <.001
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732

(=L1-Urdu)
WordLen 0.88 2.79 .005
Task 1.04 2.68 .007
(=Repetition)

Model on T4 accuracy
Predictor S z p
MinT -0.62 -2.44 0.01
ExcursionT -0.65 -2.89 .003
Dur -1.33 -2.86 .004
SubjGroup -2.88 -5.11 <.001
(=L1-Urdu)

Model on T5 accuracy
Predictor S z p
ExcursionT 0.28 2.26 .02
Dur 0.68 2.06 .04
SubjGroup -1.89 -5.05 <.001
(=L1-Urdu)

46




WordLen 0.92 2.45 .01

733

734  Model on T6 accuracy
Predictor S z p
MinT 0.32 2.38 .02
SubjGroup -0.73 -2.56 .01
(=L1-Urdu)
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