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Abstract
It is often assumed that pre-schoolers learn a second language (L2) with ease, even for
structures that are absent in their L1, such as Mandarin-speaking pre-schoolers learning L2
English grammatical inflections (e.g., ducks, horses). However, while the results from Study
1 showed that such learners can IMITATE plural words (age = 3;5, N = 20), Studies 2 and
3 showed that they cannot yet GENERATE or COMPREHEND PLURAL morphology (Study 2: age =
4;8,N= 20; Study 3: age= 4;1,N= 20), raising questions about when this is achieved. These
findings have important implications for school readiness, as well as for identifying those at
risk of developmental language disorders.
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Introduction

Despite the large number of children growing up bilingually around the world, little is
known about how pre-schoolers learn a second language (L2), especially for those who are
learning a L2 with very different linguistic structures to their first language (L1). These
children are often expected to become bilingual with ease, learning the L2 much like their
monolingual peers. But it is unclear whether they demonstrate same types of L1 inter-
ference that are seen in older L2 learners, or instead echo monolingual development. A
better understanding of this issue is important for our theoretical understanding of how
children acquire language at the bilingual interface, with implications for both educators
and clinicians.

One group of children who learn two languages that have very distinct linguistic
systems is Mandarin-speaking children acquiring L2 English. Unlike English, where
inflectional morphology is used to mark number, subject-verb agreement and tense,
Mandarin does not use grammatical inflections. For example, number in English is
marked by a morpheme, e.g., the -s in ducks. In Mandarin, however, number is marked
by using numerals and classifiers, e.g., TWO CLASSIFIER duck (两只鸭子). Furthermore,
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English inflections often involve consonant clusters at the ends ofwords (e.g.,ducks /dɐks/),
whereas Mandarin only has two-word final (coda) consonants (both nasals), with most
words containing only an open syllable (e.g., ma, pa). This raises the question of whether
the simpler Mandarin L1 phonotactic structure leads to interference in pre-schoolers’
acquisition of the phonotactically more complex English (L2), and the implications for the
acquisition of English grammatical inflections.

Due to these phonotactic differences, Mandarin-speaking adults often omit English
coda consonants, clusters, and inflections, even after years of English exposure (Broselow
& Zheng, 2004; Hansen, 2001; Lardiere, 1998a, 1998b; Xu & Demuth, 2012; Xu Ratta-
nasone & Demuth, 2014). For example, using an elicited imitation task, Mandarin-
speaking adults who were asked to repeat simple three-word sentences produced simple
codas /k/ and /s/ (e.g., duck and bus) in 80% of the target words, but coda clusters/
inflections (as in ducks) in only 50% of words, with either cluster reduction to /s/ or
complete omission (Xu & Demuth, 2012).

The same has been found for school-aged L2 learning children, showing variable use of
grammatical inflections after 5 years of English immersion at school (Jia, 2003; Jia & Fuse,
2007; Paradis, Tulpar &Arppe, 2016). However, few studies have attempted to tease apart
the role of learning a new L2 phonology (i.e., syllable structure/coda clusters) from
learning a new L2morphology (i.e., grammatical inflections). One study that did examine
coda acquisition by Mandarin-speaking pre-schoolers found that, while codas were often
omitted, this was especially the case for morphologically complex coda clusters, e.g.,
ducks, (Xu Rattanasone & Demuth, 2014). But it is currently unclear which poses the
greatest challenge, the different phonology or morphology. Also missing is a comparison
with L1 English-speaking peers.

Teasing apart the contributions of phonology vs. morphology in pre-schoolers’ learning
an L2 grammar is not easy; even monolingual English-speaking children do not produce
coda clusters consistently (Smit, Hand, Freilinger, Bernthal & Bird, 1990). For example, 2-
year-olds are more likely to produce inflectional morphology utterance finally compared to
utterance medially, and to more accurately produce inflectional morphemes that involve
singleton codas (e.g., bees) rather than articulatorily more challenging clusters (e.g., ducks)
or the low frequency syllabic plural (e.g., horses) (Mealings, Cox & Demuth, 2013; Song,
Sundara&Demuth, 2009).Utterance finalwords are easier for young childrenbecause these
undergo phrase-final lengthening (Oller, 1973), allowing more time to plan and produce
these morphemes. In contrast, for morphemes occurring utterance medially, 2-year-olds
have less time to coordinate and produce while still planning for the following word
(Theodore, Demuth & Shattuck-Hufnagel, 2011). Therefore, both phonotactics and pros-
odic context (positionwithin a phrase) play important roles in youngmonolingual English-
speaking children’s early productions, consistent with the predictions of the Prosodic
Licensing Hypothesis (Demuth, 2014).

Very young L2 learning children are still acquiring their L1 while learning a second
language. Past studies have shown both accelerated acquisition patterns in learning
complex phonological structures (e.g., coda clusters) in simultaneous bilinguals (Lléo
et al., 2003), and cross-linguistic interference in early sequential bilinguals (Gildersleeve-
Neumann et al. 2009). Therefore, even in very young children, learning a L2 may be
different from learning two L1s. In the case of Mandarin-speaking children who are only
learning complex coda clusters only in the L2, a studywith 3-year-olds has found that they
were able to produce /s/ and /ts/ codas 12 months of learning English (Xu Rattanasone &
Demuth, 2013). At the same age, Mandarin monolingual children are producing both
coda nasals and a range of onsets including stops and fricatives (Hua & Dodd, 2000).
These findings suggest that preschoolers are able to acquire new complex L2 phonological
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structures and can transfer knowledge from the L1 rapidly. The Mandarin-speaking
preschoolers also show patterns of L2 English acquisition that are similar to their
monolinguals, producing coda clusters less consistently in the sentence medial position
than sentence finally (Xu Rattansone & Demuth, 2013). Therefore, just as phonotactics
and prosodic context (position within a phrase) both play important roles in young
monolingual English-speaking children’s early productions, we might therefore expect
the same for early L2 learners though slightly lower in performance.

One of the earliest acquired grammatical inflections for English-speaking children is
the plural morpheme (Brown, 1973). It is also early acquired for infant adoptees
immersed in English (Pierce, Genesee & Paradis, 2013). The plural has several allo-
morphs, with the more frequent SEGMENTAL allomorphs /s/ and /z/ (e.g., ducks, dogs)
acquired before the much lower frequency SYLLABIC allomorph /əz/ (e.g., horses), in both
production (Berko, 1958; Brown, 1973) and comprehension (Davies, Xu Rattanasone &
Demuth, 2017, 2020). Even 2-year-olds are already making an articulatory distinction
between singulars and plurals ending in the same coda cluster, i.e., higher tongue position
for /s/ in singular box /bɔks/ compared to the plural rocks /rɔks/, suggesting sensitivity to
morphological structure even for the same /ks/ cluster (Song, Demuth, Shattuck-Hufna-
gel & Ménard, 2013). The /ks/ cluster is therefore useful for teasing apart phonological
vs. morphological effects for words, where a coda cluster can be either singular (mono-
morphemic) or plural (bimorphemic). It can also be compared to words ending in simple
codas having differentmorphological structure (e.g., nose vs. bees), serving as a control for
examining the different roles of phonology (singleton vs. coda clusters) vs. morphology
(singulars vs. plurals) when acquiring L2 grammatical inflections.

While there is a clear need to better understand whether Mandarin-speaking pre-
schoolers show L1 interference vs. similar patterns in acquiring L2 English inflectional
morphology, probing pre-schoolers’ developing L2 linguistic knowledge is not easy. Pre-
schoolers do not yet have the cognitive and speechmotor skills for the many standardised
tests designed for school-aged children, nor havemost tests been developed or normed for
bilinguals.

Onemethod commonly used to tap the grammatical knowledge of pre-schoolers is the
ELICITED IMITATION task, where children listen and repeat a short sentence. Such tasks are
very useful for testing phonological and morpho-syntactic knowledge in monolingual
2-3-year-olds (Mealings et al., 2013; Mealings & Demuth, 2014; Song et al., 2009, 2013;
Theodore et al., 2011; Theodore, Demuth & Shattuck-Hufnagel, 2012a; Valian, 1991).
This has also been used to assess the grammatical knowledge of monolingual 4-5-year-
olds, as in the Grammar and Phonology Screening (GAPS) (Gardner, Froud, McClelland
& van der Lely, 2006), testing for issues such as developmental language disorder (DLD).

Other tasks used to test the productive knowledge of grammar in monolingual
children include ELICITED PRODUCTION tasks. This requires children to produce the correct
grammatical form that matches the semantic context, e.g., one dog, two ___. This is a task
that 3-year-olds can perform (Zimmerman, Steiner & Pond, 2011). Older 4-year-olds can
also perform this task with novel words, e.g., when given one wug, they are asked to
produce two ___, as shown by Berko (1958) in her famous wug experiment.

Still other studies have used COMPREHENSION tasks to test young children’s grammatical
knowledge, often using novel words. One version of the task requires children to match
the grammatical form given with the correct context, e.g., pre-schoolers may be asked to
point to “the teps” while being shown two pictures, one depicting a single novel animal
and another depicting a group of novel animals. This is a less demanding task than the
elicited production task, and can be used with younger, less verbal children, from the age
of 3 (Davies, Xu Rattanasone, Schembri & Demuth, 2019).
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While these tasks can be used with monolingual pre-schoolers to probe their know-
ledge of inflectional morphology, it is unclear whether they are appropriate for use with
EMERGING bilingual childrenwho are still acquiring their L2.We addressed this question by
using converging evidence from all three methods to probe L1 Mandarin-speaking pre-
schoolers’ developing knowledge of English L2 plural morphology, and compared this to
that of their monolingual peers.

Study 1, using an ELICITED IMITATION task, examined L1 Mandarin-speaking pre-
schoolers’ ability to produce English L2 phonological and morphological structures
involving plural inflections. Studies 2 and 3 used an ELICITED PRODUCTION task and a
2-alternative forced-choice COMPREHENSION task, respectively, to probe Mandarin-
speaking pre-schoolers’ emerging knowledge of L2 English plural morphology. In each
study, Mandarin-speaking pre-schoolers’ performance was compared with that of their
English monolingual peers, with age of English acquisition on individual performance
also assessed. It was anticipated that the findings would be of both theoretical and
methodological interest for scholars, teachers, clinicians, and parents alike, providing
much-needed insight into the process of language development for emerging bilingual
pre-schoolers.

Study 1 – Elicited Imitation

The overall goal of Study 1 was to tease apart the different contributions of phonology
vs. morphology during Mandarin-speaking pre-schoolers’ emerging learning of L2
English. To do this an ELICITED IMITATION task was used with a carefully controlled set of
singular/plural words containing similar phonotactics. Past studies with monolingual
English-speaking 2-year-olds and L2 English learning Mandarin-speaking 3-year-olds
have shown an emerging ability to produce English /s/ both as a singleton and as part of
coda consonants (Kirk & Demuth, 2005; Xu Rattanasone & Demuth, 2014). However, it
was unclear whether Mandarin-speaking pre-schoolers would show a difference between
monomorphemic (singular) vs. bimorphemic (plural) words.

If learning new L2 phonology is challenging, then the simple coda /z/ (e.g., nose)
should be easier to produce than the coda cluster /ks/ (e.g., fox), whereas if learning L2
inflectional morphology is the primary challenge, then both singleton and cluster codas in
singular words should be easier to produce than in plurals (nose, fox vs. bees, ducks).
Furthermore, if the more frequent plural forms are acquired earlier than lower frequency
plurals, then singleton plurals should be easier to produce than syllabic plurals (bees
vs. horses). Finally, if producing codas is more challenging in more complex prosodic
contexts, emerging bilingual pre-schoolers should produce fewer codas utterance medi-
ally than utterance finally.

Acoustic analysis of children’s productions was used to provide greater coding
accuracy than perceptual transcriptions alone, since contrasts made by young children
may not be detected by the adult listener (Li, Edwards & Beckman, 2009; Scobbie, Gibbon
& William, 2000; Theodore, Demuth & Shattuck-Hufnagel, 2012b).

Method

Participants

Twenty Mandarin-speaking pre-schoolers with a mean age of 3;5 years (range 3;0 – 3;11;
10 boys, 10 girls) were recruited. All spoke Mandarin at home and had been attending an
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English-speaking childcare centre for at least one year (range: 12-24months). The average
age when they began attending an English-speaking childcare centre was 1;11 (range: 0;9-
2;11). The children attended childcare at least 2 days per week (range: 2-5 days). This
ensured that all had some knowledge of English before participating in the experiment.
All parents grew up in mainland China and had education ranging from high school to
postgraduate degrees.

Twenty Australian English-speaking monolingual controls with a mean age of
3;1 years (range 3;0 – 3;6 years; 11 boys, 9 girls) were recruited from the same childcare
centres as the Mandarin-speaking pre-schoolers. All parents reported English as their
native language and also had education ranging fromhigh school to postgraduate degrees.

This study was carried out in accordance with the ‘Macquarie University Human
Research Ethics Committee’ approvals, with written informed consent from all parents.
All children were recruited from childcare centres in Sydney, Australia. None reported
any history of diagnosed hearing or language difficulties.

Stimuli

Given the limited vocabulary of 3-year-olds, we examined a subset of high-frequency
English singular and plural words ending in the singleton fricative /z/ (e.g., nose vs. bees),
the /ks/ cluster (e.g., box vs. rocks) and the syllabic plural /əz/ (e.g., horses). A total of
25 nouns, 5 each of singular vs. plural words ending in /z/ and /ks/, and 5 syllabic plural /
əz/ words, were selected (see Table 1.). All were picturable monosyllabic singular nouns
inflected with the segmental or syllabic plural morpheme and found in the input to 3-
year-olds growing up in an English-speaking environment (Bååth, 2010; MacWhinney,
2000). The plural target words are nouns inflected with either the segmental (more
frequent) or syllabic (less frequent) allomorphs. The test words were placed in both
utterance medial and utterance final contexts, e.g., ‘Their bees buzz’ and ‘They’re her bees’.
All utterance medial target words were followed by a high-frequency verb beginning with
/b/, thus avoiding possible coarticulation or resyllabification effects.

All stimuli were recorded in a child-friendly speech register by a female monolingual
speaker of Australian English. This register is generally slower in speaking rate and more
carefully articulated than speech directed to adults, providing optimal acoustic cues and
time for young children to process the target words and sentences. Each stimulus sentence
was extracted from the recordings using Praat software (Boersma &Weenink, 2012) and
combined with the associated picture for presentation on Microsoft Powerpoint. Two
randomised lists of target nouns were created and presented in counterbalanced order
across participants to control for order effects.

Table 1. Stimuli of Monosyllabic Singular and Plural Words with Singleton, Cluster, and Syllabic Plural
Codas

Coda Type Singular Plural

Singleton /z/ Hose, Maze, Nose, Rose, Vase Bees, Knees, Pies, Shoes, Ties

Cluster /ks/ Ax, Box, Fox, Ox, Wax Bikes, Cakes, Ducks, *Forks, Rocks

Syllabic /əz/ *Horses, Houses, Noses, Roses, Vases

*Australian English is a non-rhotic dialect, /r/ is not produced but instead results in the lengthening of the preceding vowel.
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Procedure

All participants and parents were invited into a sound-attenuated room where the child
was invited to play a language game. The child sat at a child-sized table where pictures
with the pre-recorded stimulus sentences were played on a computer monitor. The test
beganwith two practice trials, where the child was asked to repeat the sentence they heard;
if they were not able to respond after the initial prompt, the sentence was repeated up to
three times before moving to the next trial. This was generally an easy task and was
completed in 20 minutes. Participants received a T-shirt and some stickers for their
participation.

All children were also administered the Pre-school Language Scales, Fifth Edition
(PLS-5, Zimmerman et al., 2011) screener to ensure that monolingual children with
developmental language disorder (DLD)were excluded from the study. This screener also
contained a plural subtest. Children’s speech productions were recorded on a computer
with a Behringer C-2 directional microphone using Protools software. Sampling rate was
set to 44.1 kHz at 16‑bit quantization. Uncompressed WAV files were then exported for
later acoustic analysis using Praat. Acoustic analysis was conducted to determine how
accurate participants were at producing the target codas/inflections.

Acoustic coding

All children attempted at least 60% of the trials, with a total of 1084 tokens (585 from L1
Mandarin-speaking& 499 fromL1English-speaking children). Two trained coders coded
all the data, cross-coding 10% of the tokens, with reliability between the two coders on the
presence or absence of an acoustic event being 89%.

The presence vs. absence of acoustic cues was coded for each coda type, i.e., /z/, /ks/
and /əz/. Each acoustic cue was identified by visual inspection of the waveform, spectro-
gram and listening to the utterance. The fricative /z/ was identified by the presence of a
voiced period (voice bar) and frication noise following vowel offset (see Figure 1). The
stopþfricative /ks/ cluster was identified by the presence of closure (an abrupt dimin-
ishing of amplitude at the end of vowel and F3 cessation), closure duration (the interval

Figure 1. Voice bar and frication noise used to identify the presence of coda /z/, e.g., in the word bees
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between termination of vowel-formant transition and onset of coda bursts), the presence
of coda burst(s), and frication noise (see Figure 2). The syllabic plural /əz/ was identified
by the presence of a periodic waveform between two periods of frication noise (see
Figure 3).

Results

Two sets of analyses were conducted to explore the effect of L2 phonotactic structure on
the acquisition of plural inflections. The first set of analyses examined the hypothesis that
simple coda /z/ would be easier to produce than a coda cluster /ks/ (nose vs. fox), and both
types of codas would be produced more accurately in singular compared to plural words
(nose, fox vs. bees, ducks). The second set of analyses examined the plural allomorphs,
predicting that the plural would be better produced in simple segmental codas /z/
compared to themore complex /ks/ coda clusters or the low frequency /əz/ syllabic plural.

L2 phonotactic effects on Learning L2 inflectional morphology

Overall, the Mandarin-speaking children performed better than expected, with a mean
accuracy of 78%. The first analysis used a linear mixed-effects model (LMEM) conducted
in JAMOVI version 1.0.7.0 statistics software (The JAMOVI project, 2019) and the
GAMLj library (Gallucci, 2019), with Satterthwaite adjustments to denominator degrees
of freedom in R (R Core Team, 2018). Group (L1 Mandarin vs. L1 English), Coda Type
(singleton vs. cluster), Number (singular vs. plural) and utterance Position (medial
vs. final) were entered as fixed factors, with Participants and Item as random variables
with random intercepts (see Table 2 for results and R-code; more maximal models could
not converge). Several significant effects were found, though the 4-way interaction was
not significant. The three significant 3-way interactions were Group, Coda, and Number
(see Figure 4), Group, Coda and Position (see Figure 5), and Coda, Number and Position
(see Figure 6). Post‑hoc analyses using Bonferroni adjustments for multiple comparisons
were conducted to explore each 3-way interaction.

The first set of post-hoc analyses (Group x Coda x Number) showed no differences for
monolingual children, but Mandarin-speaking children produced significantly more
singular words (M = 83.5%) than plurals ending in clusters (M = 67.4%) (e.g., more
fox than ducks, (t(45.4)= 4.258, p= .003)). For plurals, they also producedmore singleton
codas (M= 84.0%) than coda clusters (M= 67.4%) (e.g., more bees than ducks, (t(45.4)=
4.392, p = .002)) (see Figure 4). Therefore, for these Mandarin-speaking children, coda
clusters are hardest to produce in plural words, showing a clear interaction between
phonology andmorphology. However, the lack of 4-way interactions with group suggests
that this is not unique to bilinguals, monolingual children show the same pattern, and
therefore these results do not provide any evidence for L1 interference.

The second set of post-hoc analyses (Group x Coda x Position) showed that, although
the English-speaking children produced significantly fewer coda consonants in utterance
medial position (M = 71.85%) compared to utterance finally, as expected (M = 83.6%;
t(227) = 3.483, p = .017; see Figure 5), the Mandarin-speaking children had particular
difficulty with clusters utterance medially, producing significantly fewer coda CLUSTERS in
utterancemedial position (M= 64.3%) compared to all other conditions: singletonmedial
(M = 78.9%; t(1328.2) = 5.890, p < .001), singleton final (M = 83.0%; t(159) = 3.879, p =
.004), and cluster final (M= 86.0%; t(160)= 4.814, p < .001). These results thus show that
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theMandarin-speaking children had challenges producing codas in themost prosodically
challenging contexts (coda clusters utterance medially), for both singulars and plurals.

The final set of post-hoc analyses (Coda xNumber x Position) showed eight significant
pairwise comparisons, with the most challenging condition for all children being utter-
ance medial coda clusters in the plural (M = 58.9%; see Figure 6; for pairwise results see
Appendix A). Together these results suggest that all pre-schoolers were affected by
prosodic constraints, where more complex coda clusters in the more challenging utter-
ance medial position were harder to produce. These phonological constraints then also
interacted with morphology, making plural words ending in coda clusters the most
difficult to produce. Again, suggesting the lack of L1 interference.

Taken together, these three sets of post-hoc analyses suggest that, while all children
struggled with producing plural words with complex coda clusters (coda complexity
effect) in the challenging utterancemedial position (utterance position effect), Mandarin-
speaking children are affected to a greater extent compared to their monolingual peers
most likely due to reduced input in English.

Table 2. Fixed Effects Parameter Estimates for Coda Type, Number by Group

95% Confidence
Intervals

Effects Estimate SE Lower Upper df t P

(Intercept) 0.768 0.035 0.700 0.836 39.6 22.037 < .001

Coda 0.029 0.069 �0.106 0.165 39.0 0.427 0.672

Number 0.016 0.021 �0.025 0.056 16.6 0.745 0.467

L1 Group �0.052 0.021 �0.092 �0.011 16.8 �2.472 0.024*

Position �0.121 0.020 �0.160 �0.083 1352.1 �6.200 < .001***

Group ✻ Coda 0.082 0.037 0.009 0.155 1326.8 2.190 0.029*

Group ✻ Number 0.000 0.038 �0.073 0.074 1327.1 0.008 0.994

Coda ✻ Number 0.127 0.042 0.046 0.209 16.8 3.053 0.007**

Group ✻ Position �0.005 0.039 �0.082 0.071 1352.2 �0.138 0.890

Coda ✻ Position 0.103 0.037 0.029 0.176 1326.5 2.737 0.006**

Number ✻ Position �0.038 0.037 �0.111 0.036 1326.8 �1.007 0.314

Group ✻ Coda ✻
Number

0.190 0.075 0.043 0.337 1327.2 2.531 0.011*

Group ✻ Coda ✻
Position

0.149 0.075 0.003 0.296 1326.2 1.994 0.046*

Group ✻ Number ✻
Position

�0.059 0.075 �0.206 0.088 1326.2 �0.786 0.432

Coda ✻ Number ✻
Position

0.168 0.075 0.021 0.315 1326.5 2.242 0.025*

Group ✻ Coda ✻
Number ✻ Position

�0.074 0.150 �0.367 0.220 1326.0 �0.494 0.622

R-code: Produced ~ Coda*Number*Group þ(1|Child)þ(1|Item). *p < .05, **p < .01, ***p < .001
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Production of plural allomorphs

A second LMEMwas conducted to better understand the L2 children’s ability to produce
the different plural allomorphs. Children’s productions of the more frequent segmental
plurals (either as a singleton or as part of a cluster) were compared to the lower-frequency
syllabic plural (see Table 3 for results and R-code; more maximal models could not
converge). Helmert coding was used for the three-level factor Coda (singleton, cluster,
syllabic) with Coda1 contrast between singleton and both cluster and syllabic plurals (-2,
1, 1) and Coda2 contrast between cluster vs. syllabic plurals (0, -1, 1). Several significant
effects were found, including four 2-way interactions between Group and the Coda
contrasts, as well as utterance Position and the Coda contrasts, but no significant
3-way interactions were detected.

Post-hoc analyses using Bonferroni adjustments for multiple comparisons were then
conducted to test for significant 2-way interactions (see Figure 7). These showed that the
English-speaking monolinguals produced syllabic plurals (M = 93.4%) more often than

Figure 2. Closure, burst and frication noise used to identify the presence of coda cluster /ks/, e.g., in the word box

Figure 3. Vowel 2 and frication noise 2 used to identify the presence of /əz/, e.g., in the word buses
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segmental plurals (Singletons:M = 73.7%; t(68) = 3.347, p = .020; Clusters (M = 76.1%;
t(67) = 3.627, p = .008). Mandarin-speaking pre-schoolers, on the other hand, produced
significantly more plurals ending in singleton codas (M= 84.0%) compared to both those
ending in clusters (M = 67.4%; t(38) = 4.486, p < .001) and syllabic plurals (M = 69.0%;
t(75) = 5.120, p < .001).

Finally, the effect of length of acquisition for the Mandarin-speaking children was
examined, with months at childcare as an approximation for the length of exposure to
English. No significant effect was detected in any model (see Appendix B); however, this
sample of children is quite homogenous in age and therefore had a limited range in terms
of length of exposure to English. Future studies will need to include children from a larger
age range to better be able to quantify the role of early language experience.

Figure 4. Percent correctly produced with singleton codas vs. coda clusters in the Singular (left) vs. Plural (right)
for L1 English-speaking monolinguals (solid lines) and L1 Mandarin-speaking emerging bilinguals (broken lines),
with standard error.

Figure 5. Percent correctly producedwith singleton codas vs. coda clusters in utterancemedial (left) vs. utterance
final (right) positions for English monolinguals (solid lines) and L1 Mandarin-speaking (broken lines) children with
standard error.
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Discussion

Mandarin-speaking children’s performance on this imitation task was surprisingly good
given that they have only been attending an English-speaking childcare for 12-24months.
The general pattern of performance for the two groups was also remarkably similar.

Figure 6. Percent correctly producedwith singleton codas vs. coda clusters in utterancemedial (left) vs. utterance
final (right) positions for plural (solid lines) and singular words (broken lines) with standard error across both
groups.

Table 3. Fixed Effects Parameter Estimates for Allomorph by Group

95% CI

Effects Estimate SE Lower Upper df t p

(Intercept) 0.743 0.034 0.676 0.810 39 21.695 < .001

Group �0.061 0.068 �0.195 0.074 40 �0.885 0.382

Coda (Singleton) 0.055 0.023 0.009 0.101 15 2.362 0.032*

Coda (Cluster) �0.046 0.027 �0.100 0.007 21 �1.691 0.106

Position �0.138 0.023 �0.182 �0.094 1041 �6.118 < .001***

Group ✻ Coda
(Singleton)

0.258 0.046 0.167 0.348 1021 5.563 < .001***

Group ✻ Coda (Cluster) 0.161 0.054 0.055 0.268 1036 2.963 0.003**

Group ✻ Position �0.065 0.045 �0.153 0.023 1037 �1.444 0.149

Coda (Singleton) ✻
Position

0.131 0.046 0.041 0.220 1014 2.849 0.004**

Coda (Cluster)✻Position �0.118 0.053 �0.222 �0.014 1023 �2.218 0.027*

Group✻ Coda (Singleton)
✻ Position

0.149 0.092 �0.031 0.328 1012 1.624 0.105

Group✻ Coda (Cluster)✻
Position

0.075 0.106 �0.133 0.283 1017 0.706 0.480

Produced ~ Allomorph * Group þ (1|Child) þ (1|Item). *p < .05, **p < .01, and ***p < .001.

Journal of Child Language 591

https://doi.org/10.1017/S0305000921000969 Published online by Cambridge University Press

https://doi.org/10.1017/S0305000921000969


Utterance medial position was challenging for both groups of children, especially for the
more complex coda clusters, though the effects were larger for the Mandarin-speaking
pre-schoolers. Compared to their monolingual peers, Mandarin-speaking children were
more affected by prosodic complexity, producing fewer singulars and plurals with coda
clusters in the more challenging utterance medial position. These patterns are consistent
with those of younger English-speaking monolinguals (2-year-olds) and the predictions
of the Prosodic Licencing Hypothesis based on monolingual children (Demuth, 2014;
Mealings et al., 2013; Song et al., 2009). Previous study of simultaneous bilingual infants
and toddlers has found a similar increase in syllabic complexity over time (CV > CVC >
CVCC) (Lleó & Prinz, 1996; Lleó et al., 2003), suggesting that our sample of early L2
learning children ismuchmore likemonolingual and simultaneous bilinguals than school
aged L2 learning children in acquiring a new phonology.

Figure 7. Percent correctly produced for codas ending in a singleton, cluster and syllabic plural morpheme for
English monolinguals and L1 Mandarin-speaking children with standard error.

Figure 8. Box plots for correctly produced segmental and syllabic morphemes for L1 English and L1 Mandarin-
speaking children. ***p < .001.
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Given the above findings, one might anticipate that these Mandarin-speaking pre-
schoolers are well on their way to acquiring English plural morphology. However, recall
that we had also collected data from the PLS-5 screener. While these Mandarin-speaking
pre-schoolers performed well on expressive and receptive vocabulary, and on the neg-
ation subtest, only 6% passed the PLS-5 plural subtest (compared to 100% of the
monolinguals). This required children to produce the plural forms of baby, cat and
horse, elicited by pictures of two babies, cats, and horses. The Mandarin-speaking
children’s poor performance on this subtest strongly suggests that they have not yet
acquired plural grammar (see Table 4).

One reason for this difference in performance might be that the elicited imitation task
only assessed children’s PHONOLOGICAL skills, not their KNOWLEDGE of plural grammar. It is
possible that these L2 learning pre-schoolers had lexicalised the plural formof nouns, with
little understanding of the internal morphological structure or grammatical function
of inflections (e.g., cats vs. catþs). Study 2 was therefore designed to address the question
of whether theMandarin-speaking pre-schoolers have acquired PRODUCTIVE knowledge of
how to form the plural, i.e., understand that the plural morpheme has a grammatical
function.

Study 2 – Elicited Production

Study 1 showed that Mandarin-speaking pre-schoolers can PRODUCE plural words. How-
ever, it was unclear whether they had acquired the grammatical knowledge to GENERATE

plurals. This can be tested using an ELICITED PRODUCTION task, where children are given the
singular and asked to produce the plural, as in the PLS-5 screener (Zimmerman et al.,
2011).

Being able to use grammar productively shows that children understand the morpho-
logical structure of words and the grammatical function of inflections. Monolingual
children show an understanding of the internal structure of familiar plural words by

Table 4. Percent of L1 English and L1 Mandarin 3-year-olds passing the PLS5 Screener Plural Subtest

L1 Group Subtest % Passed

English Expressive 100

Negation 100

Plurals 100

Receptive 100

Sentences* 100

Mandarin Expressive 94

Negation 100

Plurals 6

Receptive 100

Sentences* 44

*Able to produce 4/5word sentences in English as reported by the experimenter based on elicited conversations conducted
at the end of each session (mothers were not able to provide an informative answer as most did not speak to their children
in English)

Journal of Child Language 593

https://doi.org/10.1017/S0305000921000969 Published online by Cambridge University Press

https://doi.org/10.1017/S0305000921000969


3 years (Zimmerman et al., 2011), novel words by 4 years (e.g., wugs=wugþ /z/) (Berko,
1958; Davies et al., 2017, 2019; Kouider, Halberda, Wood & Carey, 2006).

Study 2 was therefore designed to use an ELICITED PRODUCTION TASK with real words and
4-year-olds, focussing on the more challenging coda clusters and syllabic plurals. If the
elicited imitation task in Study 1 actually tapped productive knowledge of plural gram-
mar, then the Mandarin-speaking pre-schoolers should also perform well on this elicited
production task. However, if the PLS-5 screener results are robust, we might expect these
emerging bilinguals to perform poorly on this elicited production task.

Method

Participants

This study was carried out in accordance with the ‘Macquarie University Human
Research Ethics Committee’ approvals, with written informed consent from all parents.
All children were recruited from childcare centres in Sydney, Australia. None reported a
history of diagnosed hearing or language difficulties.

Twenty Mandarin-speaking pre-schoolers with a mean age of 4;8 years (range 4;0–
5;4 months; 13 boys, 7 girls), who spoke only Mandarin at home, were recruited from the
Sydney area. Most were born in Australia except for 6 who were born in China. The
average age when they began attending an English-speaking childcare was 1;8 (range:
0;11-3;10), and all had attended childcare for at least one year (range: 12-48 months) and
at least 2 days per week (range: 2-5 days). This ensured that they had some knowledge of
English before participating in the experiment. Their parents all grew up in mainland
China, and had an undergraduate degree or higher.

Twenty Australian English-speaking pre-schoolers with amean age of 4;6 years (range
4;0–4;11 months; 10 boys, 10 girls) were also recruited as controls. Eighteen spoke only
English at home, and 2 were exposed to 3-4 hours per week of Greek from their
grandparents. The children’s parents had all grown up in an English-speaking country
and had education ranging from high school to postgraduate degrees.

Stimuli and procedure

A total of 10 words often used with young children (as reported on http://childfreq.sum
sar.net/) were used for stimuli, 5 for each of the cluster plurals (ducks, cakes, rocks, forks &
bikes) and the syllabic plurals (horses, houses, noses, roses & vases). To elicit the target
words, pictures were shown on a laptop and the experimenter engaged the child in a turn-
taking task. In a typical trial, the tester pointed to a picture of a single item, e.g., a dog, and
said ‘Here is a dog’, then revealed a new picture with several dogs and ask ‘What do you see
now? These are …’, thus prompting the children for an answer. Two practice trials were
provided at the beginning of the experiment, one for the cluster and one for the syllabic
plural allomorph. Children were given up to 3 attempts to provide the correct answer if
needed.

A trained research assistant who was a native speaker of Australian English admin-
istered the test in a quiet room in the childcare centres and perceptually coded children’s
responses as either correct (i.e., produced) or omitted. Given the results of the PLS-5
screener reported in Study 1, we expected the monolingual 4-year-olds in the present
study to be at ceiling.We also expected theMandarin L1 emerging bilinguals to have some
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knowledge of the plural, but to perform less well, particularly on the low frequency
syllabic plural.

Results

Two separate one-sample t-tests against chance (50%) were conducted for each Allo-
morph by Group (see Figure 8). After Bonferroni adjustment to alpha for 4 comparisons
(alpha = .012) per group, the monolinguals were found to be at ceiling for cluster plurals
(M = 100%, std = 0) and significantly above chance for the syllabic plural (M = 97%,
t= 28.687, df= 19, p < .001). In contrast, the Mandarin-speaking children were at chance
for the cluster plurals (M = 39%, t = -1.222, df = 19, p = .237) and significantly below
chance for the syllabic plurals (M= 7%, t= ‑9.731, df= 19, p < .001). These results suggest
that only the monolingual pre-schoolers showed productive knowledge of the plural, and
that the Mandarin-speaking children were treating the syllabic plural as a singular.

The effect of length of acquisition for the Mandarin-speaking children was then
examined, with months at childcare as a measure of length of exposure to English. Again,
no significant effect was detected (see Appendix C).

Discussion

In contrast with the results from the ELICITED IMITATION task in Study 1, the results from the
ELICITED PRODUCTION task in Study 2 suggest that Mandarin-speaking emerging bilingual
pre-schoolers have not yet learned how to inflect English nouns for the plural. Taken
together, the results from Studies 1 and 2 suggest that these emerging bilinguals can
IMITATE plural words, demonstrating that producing coda clusters is neither a perceptual
nor an articulatory problem, but that they are not yet able to productively USE plural
morphology in an elicited production task.

Perhaps the elicited production task was too challenging for children with an emerging
understanding of plural grammar. It requires children to combine the lexical form with
the appropriate morphology, e.g., duckþs. If this generation task is too challenging,
perhaps they might be able to RECOGNISE the correct forms in a comprehension task. Study
3 therefore tested children’s ability to COMPREHEND the plural.

Study 3 – Comprehension

During early language development children can often demonstrate comprehension
before being able to produce or generate the same forms. This well-known receptive-
expressive gap in vocabulary has been documented for both the L1 and L2 acquisition
(Gibson, Oller, Jarmulowicz & Ethington, 2012). However, this gap can be as large as one
standard deviation for the L2 population (Keller, Troesch & Grob, 2015). It is therefore
possible that while Mandarin-speaking pre-schoolers might not yet demonstrate the
ability to productively generate plural forms when SPEAKING English, they might already
have good COMPREHENSION of plural morphology.

Study 3 thus investigated Mandarin-speaking pre-schoolers’ COMPREHENSION of plural
grammar using a 2-alternative forced-choice (2AFC) task presented on an iPad (cf. Davies
et al., 2019). Unlike Study 2, it used novel words and pictures, where a picture of a single
novel item X was presented next to a picture of 5 novel items Y, e.g., children heard either
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‘touch the deg’ or ‘touch the teps’. This type of design must be used in comprehension
tasks because otherwise, when prompted to respond to a singular item (e.g., duck
vs. ducks), children might look at/touch one of the items in a group (e.g., of ducks)
instead of the singular picture. Also, if two knownwords are used, children could use their
lexical knowledge to perform the task without paying any attention to the plural
inflection, e.g., duck vs. cats. A novel word task is also a more direct test for children’s
PRODUCTIVE knowledge of the plural, as children must GENERALISE their knowledge about
plural grammar from known words to novel words.

Using an intermodal preferential looking (IPL) paradigm, it was found that 24-month-
old English-speaking monolinguals can associate novel items like daps (segmental plural)
with a group of novel animals, but only by 36 months can they do the same with novel
items like dasses (syllabic plurals) (Davies et al., 2017, 2020). Similarly, using a 2AFC task
delivered on an iPad, monolingual 3-year-olds are above chance at choosing the correct
number condition for novel words carrying segmental and syllabic plurals (Davies et al.,
2019). Taken together, these studies show that English-speaking monolinguals have an
emerging knowledge of plural morphology by 2 years and have productive knowledge of
all plural allomorphs by 3 years. Using the same comprehension/iPad task as in Davies
et al., (2019), Study 3 thus testedMandarin-speaking pre-schoolers’ comprehension of L2
English plurals.

Method

Participants

This study was carried out in accordance with the ‘Macquarie University Human
Research Ethics Committee’ approvals, with written informed consent from all parents.
All children were recruited from childcare centres in Sydney, Australia. None reported a
history of diagnosed hearing (including ear infections) or language difficulties.

Twenty Mandarin-speaking pre-schoolers with a mean age of 4;1 years (range: 3;2 –
4;9; 11 boys, 9 girls) who spoke only Mandarin at home were recruited. The average age
when they began attending an English-speaking childcare was 2;4 (range: 0;10-3;6). These
children had been attending childcare for at least one year (range: 15-52 months) for at
least 2 days per week (range: 2-5 days). All parents were native speakers of Mandarin and
grew up in China, except for one mother who was born in China but immigrated to
Australia as a child. The parents all had an undergraduate degree or higher. Data from two
additional children were excluded from the analyses for scoring less than 70% on the
practice and filler trials using real words. This ensured that all the children included in the
analysis understood the task.

Forty-eight monolingual Australian English-speaking pre-schoolers with a mean age
of 4;0 years (3;1 – 4;11; 23 boys, 25 girls) who spoke only English at home were recruited.
Their parents all had grown up in an English-speaking country and had an undergraduate
degree or higher.

Design

A mixed design was used with group as the between-subjects factor (L1 English vs. L1
Mandarin). The two within-subjects factors were the number condition of the words
(Singular vs. Plural) and the plural allomorph type (Segmental /s, z/ vs. Syllabic /əz/).
The experiment was implemented using a 2AFC paradigm delivered on an iPad with
chance at 50%.
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The procedure consisted of two blocks (segmental and syllabic allomorph) presented
in counterbalanced order across all children to avoid any effects of presentation order on
performance. Pseudo-randomizations for the order of trials were also created within each
block. While each block contained the same set of nonce objects/animals across the four
randomizations, each object/animal was depicted only once as a plural target, once as a
plural distractor, once as a singular target and once as a singular distractor. Pictures were
yoked so that across the four versions no two objects/animals were displayed together in
more than one trial, and no auditory stimulus item was presented with any object/animal
more than once across the four versions, regardless of being a target or distractor.

Stimuli

Auditory stimuli
The auditory stimuli were recorded in a sound-attenuated room, spoken by a female
native Australian-English speaker using a child-friendly speech register. The audio was
recorded using Cool Edit Pro 2.0 sampled at 48kHz. Stimuli were recorded as complete
utterances with carrier phrases. Stimuli for all trials were recorded with the carrier phrase
“touch [the X]” (see Table 5 for the list of stimuli).

For the test trials, a total of 72 novel words were recorded, 36 of which were singular
and 36 inflected for plural. Each child only saw one form of the word (either singular or
plural, but not both). Novel words had onset stops that are early acquired by English-
speaking children: /n/, /d/, /t/, /b/, /p/, /g/ and /k/ (Smit et al., 1990). Vowels were all short
Australian-English vowels: /æ/, /ɛ/, /ɪ/, /ɐ/ and /ɔ/ (Harrington, Cox & Evans, 1997). In
addition to these novel words, 12 real words were also recorded: bat(s), crab(s),mop(s) and
pig(s) for the segmental plural block, and horse(s), rose(s) and bus(es) for the syllabic plural
block. The training block contained five trials with singular target words: dog, bird, cat,

Table 5. Singular and Plural Novel Stimulus Items.

Segmental Allomorph Trials Syllabic Allomorph Trials

singular plural singular plural

dup /dɐp/ dups /dɐps/ koss /kɔs/ kosses /kɔsəz/

bip /bɪp/ bips /bɪps/ nass /næs/ nasses /næsəz/

tep /tep/ teps /teps/ poss /pɔs/ posses /pɔsəz/

mup /mɐp/ mups /mɐps/ dass /dæs/ dasses /dæsəz/

noop /nʊp/ noops /nʊps/ bess /bes/ besses /besəz/

gop /gɔp/ gops /gɔps/ giss /gɪs/ gisses /gɪsəz/

pab /pæb/ pabs /pæbz/ niz /nɪz/ nizzes /nɪzəz/

tib /tɪb/ tibs /tɪbz/ kez /kez/ kezzes /kezəz/

geb /geb/ gebs /gebz/ moz /mɔz/ mozzes /mɔzəz/

mub /mɐb/ mubs /mɐbz/ tiz /tɪz/ tizzes /tɪzəz/

koob /kʊb/ koobs /kʊbz/ doz /dɔz/ dozzes /dɔzəz/

tob /tɔb/ tobs /tɔbz/ paz /pæz/ pazzes /pæzəz/
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nug, andmib.To ensureminimal acoustic differences across the auditory stimuli, splicing
was conducted using Praat (Boersma & Weenink, 2012). For each test block, the target
words were spliced onto one carrier phrase.

Visual stimuli
The visual stimuli were 48 objects and cartoon animals. All novel animals were depicted
with happy faces and closed eyes, and did not resemble anything real or fictional. For filler
the trials, 22 real objects/animals were created: box, shirt, duck, frog, clock, hat, cow, fox,
bat, bug, pig, snake, mop, cake, crab, rat, bus, house, rose, tree, horse, and bear. These
known trials were included to maintain children’s interest and were not analyzed. Visual
stimuli were constructed with a single novel animal/object (singular) on one side and a
different group of five novel animals/objects on the other side (plural). The training trials
consisted only of single animals, two of which were novel. See Figure 9 for examples of
each trial type.

Equipment
The children wore Sennheiser HD 280 pro headphones. The experimental software was
built using the Serenity Engine (Budziszewski, 2003) and presented on an Apple iPad Air
2 (240 x 169.5 mm, with a resolution of 2048 x 1536 at 264 dpi).

The Serenity Engine is a multiplatform engine written in C using the OpenGL library.
This software makes use of Serenity’s iOS port, and uses the iOS native sound playing
capabilities. However, its image displaying capabilities are platform-independent. As the
current software used a number of large image files, Serenity preloaded the images into
memory before each experiment began, ensuring smooth performance throughout. After
each trial, results were saved to a text file and then uploaded to an SQL database for later
download.

Figure 9. Examples of visual stimuli used during (A) training trial, (B) familiar animal test trial, (C) novel object test
trial, (D) novel animal test trial.
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Procedure

The children were tested in a quiet area of their childcare centre, at a child-sized table and
chairs. All children wore headphones: this helped them to focus on the task and
minimized environmental noise. The iPad was placed directly in front of the child. To
ensure that the relevant plural morpheme could be heard, children were first played an /s/
and a /z/ segment extracted from the stimuli. If children indicated they could hear both
segments by repeating each sound, the experiment proceeded; if not, the volume was
adjusted until correct responses were provided.

The initial five trials contained the Practice Block, which tested children’s understand-
ing of the forced-choice paradigm. The practice trials presented children with two
pictures side-by-side, both depicting a single animal: dog vs. cat and cow vs. bird. After
the pictures had been displayed for 2 seconds, an auditory prompt told the children to
“touch the dog” and “touch the bird”. The next practice trial presented a cat next to novel
animal X, and the child heard “touch the cat”. The fourth and fifth practice trials
presented children with a dog vs. novel animal X, and a bird vs. novel animal Y, and
had the auditory stimuli “touch the nug” and “touch themib”. Upon touching a picture, an
audible chirrup would play, and the chosen picture would flash for 1.5 seconds. This
happened regardless of whether the child chose the target or the distractor. During the
practice trials, the experimenter gave the child positive verbal reinforcement.

After completing the practice trials, understanding of English plural morphology was
tested in 31 test trials divided into two blocks. Each test block contained trials with novel
pictures and auditory stimuli, as well as filler trials with known words. The segmental
plural test block consisted of 16 trials (12 novel & 4 filler), and the syllabic plural test block
consisted of 15 trials (12 novel & 3 filler).

For each test trial, two pictures of novel objects were displayed side-by-side, one of a
single object X (singular), and the other of a different set of five objects Y (plural). After
2 seconds, an auditory prompt played requesting participants to “Touch the (one of the
two pictures)”. The auditory stimulus contained a singular novel word in CVC phono-
logical form (e.g., “dup”), or an inflected plural novel word in CVCs/CVCz/CVCəz form
(e.g., “teps/degs/kosses”).

Results

First, to test whether children could comprehend the number condition of novel words,
performance was compared to chance (i.e., 50%). With alpha set at 0.05, four one sample
t-tests were conducted for each group (Figure 10). English monolinguals performed
significantly above chance on all four conditions: segmental singular (t(47) = 3.794, p <
.001), segmental plural (t(47)= 6.002, p < .001), syllabic singular (t(47)= 3.463, p= .001),
and syllabic plural (t(47) = 5.342, p < .001). However, the Mandarin group were no
different from chance on all conditions: segmental singular (t(19) = -.213, p = .834),
segmental plural (t(19) = 1.064, p = .301), syllabic singular (t(19) = 1.641, p = .117), and
syllabic plural (t(19) = .767, p = .453).

To test group differences and any interactions with the allomorph type and number
conditions, a linear mixed-effects model was constructed with both age (in months) and
months at childcare as covariates, and child as a random variable, with random slopes
fitted for each group (more maximal models could not converge; see Table 6). With
Satterswaite adjustment for denominator dfs, only a significant main effect of L1 group
was found (t(60) = -2.478, p = .016), suggesting that L1 English monolinguals performed
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Figure 10. Box plots for percent correct for novel targets consistent with segmental and syllabic plural word forms
and their singular forms for English monolinguals and L1 Mandarin-speaking pre-schoolers. ***p < .001.

Table 6. Fixed Effects Parameter Estimates for Group by Number and Allomorph

95% Confidence
Interval

Effect Estimate SE Lower Upper Df t p

(Intercept) 0.623 0.028 0.568 0.678 58 22.251 < .001

Mandarin – English �0.136 0.061 �0.255 �0.018 58 �2.253 0.028*

Singular – Plural �0.053 0.028 �0.107 0.001 1420 �1.926 0.054^

Syllabic – Segmental 0.028 0.028 �0.026 0.082 1420 1.026 0.305

Mandarin – English ✻
Singular – Plural

0.047 0.055 �0.061 0.155 1420 0.846 0.398

Mandarin – English ✻
Syllabic – Segmental

0.098 0.055 �0.010 0.206 1420 1.782 0.075

Singular – Plural ✻ Syllabic
– Segmental

0.030 0.055 �0.078 0.138 1420 0.540 0.589

Mandarin – English ✻
Singular – Plural ✻
Syllabic – Segmental

0.060 0.110 �0.156 0.276 1420 0.540 0.589

R-code: Score ~ 1þ Group þ Number þ Allomorphþ Group:Number þ Group:Allomorph þNumber:Allomorph þ Group:
Number:Allomorphþ(1 | Child).
*Indicates significance at p<.05 and ^approaching significance
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significantly better than L1 Mandarin-speaking preschoolers. Importantly, the English-
speaking monolinguals did not treat singulars ending in a fricative (e.g., coss, dass) as
plurals; this would violate English word minimality constraints (CV syllables with short
vowels cannot constitute well-formed words in English), showing a nuanced understand-
ing of English phonological and lexical structure (see Davies et al., 2017, 2019, 2020, for
discussion).

Finally, length (months) at childcare was used to assess exposure to English on
performance. Again no significant effect was detected (see Appendix D). These results
provide further support for Study 2, showing that Mandarin-speaking pre-schoolers are
not yet able to comprehend the number condition of novel words, performing signifi-
cantly below their English monolingual peers.

General discussion

In this series of studies, we probed L1 Mandarin-speaking emerging bilingual pre-
schoolers’ knowledge of L2 English inflectional morphology. Study 1, using an elicited
imitation task, found thatMandarin-speaking pre-schoolers with only one to two years of
exposure to English can PRODUCE plural words quite well when asked to repeat, though
plural words with coda clusters (e.g., ducks) and syllabic plurals (e.g., horses) were not
produced as consistently as phonologically simple plural codas like bees. Their unex-
pected good overall production in shows that, even with less L2 English input and having
an L1 with a different phonological structure, these young children can acquire English
phonotactic structures relatively quickly, showing developmental patterns that are similar
to that of younger monolingual children (Demuth, 2014).

However, it was unclear whether these emerging bilingual 3-year-olds had PRODUCTIVE

knowledge of plural morphology: perhaps they kept these three-word sentences in short-
termworkingmemory and then simply repeatedwhat they heard, producing plural words
without understanding the internal morphological structure or grammatical function of
the plural inflections. Further support for this possibility came from their poor perform-
ance on the plural formation task in the PLS-5 screener (one cat, two cats).

To probe this possibility, Study 2 used an elicited production task with real words (like
the PLS-5 screener), and tested slightly older 4-year-olds. As with the PLS-5, the results
showed that these emerging bilinguals were not able to supply the plural forms of familiar
words. In contrast, their monolingual peers performed at ceiling. But perhaps generating
the plural was too hard for these children, taxing working memory and lexical access. A
COMPREHENSION task was therefore designed, where children needed only to RECOGNISE the
novel word forms that were consistent with plural word structures.

Study 3 therefore used a forced-choice comprehension task on the iPad, where the
child heard a novel word, and had to press either the singular picture or a plural picture
with a different set of novel items. This tested emerging bilingual pre-schoolers’ know-
ledge of plural morphology on words they had never heard before. Although the
monolingual children were again at ceiling, the emerging bilinguals were at chance,
suggesting little productive knowledge of English plural formation. Taken together, the
results from Studies 2 and 3 provide a consistent picture, suggesting that these L1
Mandarin-speaking pre-schoolers have not yet acquired productive use of L2 English
plural grammar. They also suggest that the elicited imitation task used in Study 1 did not
tap knowledge of inflectional morphology for these Mandarin-speaking pre-schoolers,
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even though it has shown this for monolinguals (Mealings & Demuth, 2014; Mealings
et al., 2013).

These findings have both theoretical and applied implications. They suggest that
Mandarin-speaking pre-schoolers do not yet understand the morphological structure
and grammatical function of English inflected words, despite being able to imitate these
forms in production. Early L2 learning childrenmay thus need longer exposure to English
before the learning of inflectional morphology is achieved. Although the syllabic plural
presented challenges for these children in the present study, there are reports that school-
aged Mandarin-speaking children learning L2 English acquired the syllabic form of the
past tense (e.g., batted) earlier than segmental allomorphs (e.g., kicked), matching
Mandarin disyllabic word structure (Nicoladis, Yang & Jiang, 2020). These results differ
from ours. First, since our pre-schoolers are still learning their L1 Mandarin phonology,
they may not be able to capitalise on L1 transfer as much as their older school-aged
counter parts. Second, Davies et al. (2017) have established that the syllabic plural
allomorph is far less frequent than the segmental allomorphs, accounting for only 6.9%
of plural types in pre-schoolers’ input. This raises many questions about when and how
pre-schoolers learn L2 English inflectional morphology more generally, and the segmen-
tal and frequency contributions of different allomorphs (e.g., tense forms such as walk-s,
wash-ed), calling for a longitudinal study to track this development over time.

Our results also highlight the importance of using the appropriate methodology to tap
into young L2 learners’ morphological representations. Although the elicited imitation
task is sensitive to eliciting the acquisition of phonotactics (e.g., coda complexity) and
prosodic (utterance position) effects, and morphology in younger monolingual 2-year-
olds, it is not useful for assessing older L2 pre-schoolers’morphological representations.
Future studies could try longer sentences but that might be too challenging for early L2
learners. On the other hand, both elicited production and novel word comprehension
tasks appear to be effective at testing L2 pre-schoolers’ morphological representations.
The novel word comprehension task may also be suitable to use with younger L2 learners
who are not yet able to produce speech reliably.

These findings may also generalise to pre-schoolers speaking other L1s that do not
have codas, clusters, or grammatical inflections. This suggests the need for further study
of emerging bilingual pre-schoolers from other L1s that are typologically distinct from
English. This is especially important given that previous studies on typologically more
similar L1s have suggested that there may be a critical period for acquiring L2 inflectional
grammar at around the age of 4 (Meisel, 2004, 2009). The Mandarin-speaking children
discussed in the three studies here were acquiring L2 English much earlier, at 2 and
3 years, yet might still show challenges in acquiring new morphological structures.
However, these results are likely due to reduced English input compared to their
monolingual peers, and may reflect slower rather than different acquisition patterns
for these very early L2 learning pre-schoolers. Future studies, especially with longitudinal
designs, that document patterns of EARLY bilingual language development across different
groups of L1 and L2 learning children are needed to better understand how early L2
acquisition might differ from L1 acquisition.

In addition to L1 typology, other factors may have contributed to the current findings.
In Australia, Mandarin is the most common home language spoken besides English, and
there are high concentrations of Mandarin-speaking communities in Sydney. Mandarin-
speaking pre-schoolers often have peers and teachers in childcare centres who also speak
L1 Mandarin. This provides an environment where they may have less early L2 immer-
sion than children in other countries or children speaking other L1s. Thus, lack of
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sufficient exposure to the L2, combined with L1 typology, may contribute to the present
results. Note also that most of the parents of these children were generally well-educated,
with sufficient English language skills to attend university. However, even if the parents
occasionally speak English at home, the inputmay havemissing grammatical morphemes
(Lardiere, 1998a,b). Future longitudinal studies will therefore need to consider the role of
both amount and type of L1 and L2 input at home and in childcare, the potential effect on
these children’s L2 acquisition, and if and when these children catch up to their
monolingual peers.

Conclusions and implications

This series of studies provides an important first look into the L2 English abilities of
Mandarin-speaking emerging bilinguals during the crucial pre-school years of early
language development, with implications for school readiness. The results suggest that
while pre-schoolers can acquire new L2 phonology quickly, they are much slower in
acquiring productive use of a new L2 morphology. However, the learning constraints
appear to be similar to those for monolinguals and simultaneous bilinguals rather than
older school aged L2 learning children. The findings also highlight the need to use
appropriatemethods for tapping the grammatical knowledge of L2 learning pre-schoolers
and role of reduced input on early L2 acquisition. More research is needed to understand
typical L2 development for children who speak a typologically distinct L1 from English
under different language environments and to track longer term acquisition patterns.
Until these questions are addressed, it will prove challenging to identify emerging
bilinguals at risk of developmental language disorders.
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Appendix A. Post-hoc pairwise comparisons for Coda, Number, and Position

Coda Number Position Coda Number Position Difference SE t df pbonferroni

Cluster Plural Final vs. Cluster Plural Medial 0.233 0.038 6.157 1335.800 < .001***

Cluster Plural Final vs. Cluster Singular Medial 0.057 0.040 1.429 55.100 1.000

Cluster Plural Final vs. Singleton Plural Final 0.014 0.038 0.365 46.100 1.000

Cluster Plural Final vs. Singleton Plural Medial 0.061 0.040 1.530 53.300 1.000

Cluster Plural Final vs. Singleton Singular Medial 0.096 0.040 2.386 56.000 0.572

Cluster Plural Medial vs. Singleton Plural Medial �0.172 0.041 �4.247 58.000 0.002**

Cluster Singular Final vs. Cluster Plural Final 0.054 0.038 1.427 47.300 1.000

Cluster Singular Final vs. Cluster Plural Medial 0.288 0.040 7.216 56.500 < .001***

Cluster Singular Final vs. Cluster Singular Medial 0.112 0.038 2.968 1334.700 0.085

Cluster Singular Final vs. Singleton Plural Final 0.068 0.038 1.796 46.000 1.000

Cluster Singular Final vs. Singleton Plural Medial 0.115 0.040 2.915 53.300 0.145

Cluster Singular Final vs. Singleton Singular Final 0.057 0.039 1.488 48.400 1.000

Cluster Singular Final vs. Singleton Singular Medial 0.151 0.040 3.757 56.100 0.012*

Cluster Singular Medial vs. Cluster Plural Medial 0.176 0.041 4.313 59.600 0.002**

Cluster Singular Medial vs. Singleton Plural Medial 0.004 0.041 0.090 57.500 1.000

Cluster Singular Medial vs. Singleton Singular Medial 0.039 0.041 0.947 60.400 1.000

Singleton Plural Final vs. Cluster Plural Medial 0.219 0.040 5.475 55.000 < .001***

Singleton Plural Final vs. Cluster Singular Medial 0.043 0.040 1.081 54.500 1.000

Singleton Plural Final vs. Singleton Plural Medial 0.047 0.038 1.249 1333.100 1.000

Singleton Plural Final vs. Singleton Singular Medial 0.082 0.040 2.040 55.900 1.000

Singleton Singular Final vs. Cluster Plural Final �0.003 0.039 �0.077 48.500 1.000
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Appendix A. (Continued)

Coda Number Position Coda Number Position Difference SE t df pbonferroni

Singleton Singular Final vs. Cluster Plural Medial 0.230 0.040 5.698 56.900 < .001***

Singleton Singular Final vs. Cluster Singular Medial 0.054 0.040 1.344 56.500 1.000

Singleton Singular Final vs. Singleton Plural Final 0.011 0.039 0.284 48.300 1.000

Singleton Singular Final vs. Singleton Plural Medial 0.058 0.040 1.443 55.000 1.000

Singleton Singular Final vs. Singleton Singular Medial 0.093 0.039 2.421 1331.900 0.437

Singleton Singular Medial vs. Cluster Plural Medial 0.137 0.041 3.339 60.700 0.040*

Singleton Singular Medial vs. Singleton Plural Medial �0.035 0.041 �0.863 59.100 1.000
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Appendix B. Fixed Effects Parameter Estimates for Coda Type and Number with Length of Exposure to
English (LoE) as a covariate for Mandarin-speaking children

95% Confidence
Interval

Effect Estimate SE Lower Upper Df t P

(Intercept) 0.774 0.049 0.677 0.870 19 15.770 < .001

Coda 0.056 0.028 0.001 0.110 623 2.010 0.045

Number �0.051 0.028 �0.105 0.003 623 �1.850 0.064

Position �0.117 0.028 �0.172 �0.063 624 �4.230 < .001 ***

LoE 0.015 0.009 �0.002 0.032 15 1.760 0.098

Coda ✻ Number 0.217 0.055 0.109 0.325 623 3.940 < .001 ***

Coda ✻ Position 0.160 0.055 0.052 0.268 623 2.890 0.004 **

Number ✻ Position �0.061 0.055 �0.170 0.047 623 �1.110 0.267

Coda ✻ Number ✻
Position

0.157 0.110 �0.059 0.374 623 1.430 0.155

Fixed Effects Parameter Estimates for Allomorph with Length of Exposure to English (LoE) as a covariate
for Mandarin-speaking children

95% Confidence
Interval

Effect Estimate SE Lower Upper df t p

(Intercept) 0.692 0.055 0.584 0.799 19 12.630 < .001

Singleton - (Cluster,
Syllabic)

0.252 0.093 0.069 0.434 69 2.710 0.009 **

Cluster - (Syllabic) 0.184 0.178 �0.164 0.532 57 1.040 0.304

Medial - Final �0.145 0.034 �0.213 �0.078 446 �4.220 < .001 ***

LoE 0.009 0.009 �0.008 0.026 49 1.050 0.297

Singleton - (Cluster,
Syllabic) ✻ Medial –
Final

0.179 0.072 0.039 0.320 443 2.500 0.013 **

Cluster - (Syllabic) ✻
Medial – Final

�0.103 0.086 �0.272 0.065 447 �1.200 0.229

Appendix C. Fixed Effects Parameter Estimates for Allomorph with Length of Exposure to English (LoE)
as a covariate for Mandarin-speaking children

95% Confidence Interval

Effect Estimate SE Lower Upper df t p

(Intercept) 0.230 0.056 0.120 0.340 19 4.114 < .001

Allomorph 0.320 0.085 0.153 0.487 19 3.760 0.001 ***

LoE 0.009 0.012 �0.015 0.033 19 0.750 0.463
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Appendix D. Fixed Effects Parameter Estimates for Number and Coda type with Length of Exposure to
English (LoE) as a covariate for Mandarin-speaking children

95% Confidence
Interval

Effect Estimate SE Lower Upper df t p

(Intercept) 0.5685 0.0427 0.4849 0.6521 19 13.327 < .001

Singular - Plural �0.0298 0.0524 �0.1324 0.0729 319 �0.568 0.570

Syllabic - Segmental 0.0774 0.0524 �0.0252 0.1800 319 1.478 0.140

LoE 0.0537 0.0427 �0.0301 0.1374 19 1.256 0.233

Singular - Plural✻ Syllabic -
Segmental

0.0595 0.1047 �0.1457 0.2648 319 0.568 0.570
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