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1 Introduction

Decades of research within constraint-based phonological grammars has formally modeled many aspects
of first language (L1) learning — often by comparing simulated data to observed stages of child speech (e.g.,
Levelt et al., 1999; Curtin and Zuraw, 2002; Hayes, 2004; Jarosz, 2010; Becker and Tessier, 2011; Jesney,
2016). However, comparable work in the second language (L2) domain of phonological acquisition remains
relatively limited (though c.f. Broselow, 2004; Zhang & Tessier, 2024)!. This paper reports interim results
from one such larger project, which investigates in particular how L1 grammars that permit multiple surface
optima (i.e., grammatical variation) might serve as the basis for transfer to an L2 grammar built of the same
constraints, and what consequences that inherent L1 variation might bring about in L2 learning.

This study examines phonotactic variability in sequences of low vowel + nasal coda (+ following
consonant) (loVN.C) in two varieties of Mandarin, Northern Mandarin (NM) and Chengdu Mandarin (CM),
as compared with North American English. We first report the phonotactic variation in the two Mandarin
varieties, and then model L1 NM and CM grammars and their comparison with L2 English. We conducted a
production study to collect nasometry data on the relative rates and asymmetries of phonological repairs to
low vowel + nasal codas. We adopt a Maxent framework (Goldwater and Johnson, 2003 ef seq) of weighted
constraints, and a Full Transfer approach to L2 acquisition (as in van Leussen and Escudero, 2015; see also
Schwartz and Sprouse, 1996). We establish the necessary weighting conditions for Maxent grammars that
produce multiple possible optima across contexts, with different probability distributions for each language.
We discuss the learning effects of adopting a MaxEnt framework to capture that variability, and its
consequences and challenges when applying the grammar to novel inputs.

This paper is structured as follows. Section 2 compares the phonotactic restrictions of loVN and loVN.C
sequences in the two Mandarin varieties vs. English. Section 3 presents the methodology for the production
study, including data coding and nasality measurement. Section 4 reports the results for the production study,
focusing on the variation in the proportions of nasal deletion and nasal place change/assimilation produced
by L1 NM and L1 CM speakers, as predicted by logistic mixed-effects regression models. Section 5 presents
a MaxEnt account of L2 grammatical learning of these sequences in different contexts, with the L1 end-state
grammar as the initial L2 state. The proposed grammars successfully model the output variabilities and
asymmetries, albeit with some exceptions. Section 6 discusses some remaining issues and implications.

2 The phonotactics of loVN (+C) in Mandarin vs. English

Both English and Northern Mandarin (including Mandarin spoken in Beijing and adjacent regions) have
three nasal consonants /m, n, n/ and two low vowels which contrast for [+/—back] in their surface inventories.
Standard North American English uses [, a] while Mandarin uses [a, a] (Duanmu, 2007). However,
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Northern Mandarin (at least) has two crucial phonological restrictions on lowV+ nasalC that do not apply in
English: (1) only [n] and [g] are allowed in coda position, but not [m] (Duanmu, 2007); (2) low vowels must
agree for [+/-back] with a following coronal or dorsal nasal coda (Rhyme Harmony in Duanmu, 2007; Luo
et al., 2020). Thus, English has 6 possible loVN combinations while Mandarin has only two, as shown in
Table 1.

In addition, the surface realizations of the legal Mandarin loVN sequences /an/ and /an/ may in fact be
quite variable. In Northern Mandarin, these outputs can surface either with a nasal coda consonant, or with
coda deletion along with nasalization and possible compensatory lengthening of the preceding vowel (see
Chen, 2000; Duanmu, 2007 inter alia; Luo et al., 2020). For example, Chen (2000) conducted acoustic
measurements on the production of Beijing Mandarin coda nasals /n, i/ preceded by high, mid, and low
vowels (e.g., shan-ao [sanl.av4] ‘hollow of the hill’). It was found that more than half of the word tokens
containing the loVN rhyme were produced without an oral closure for the nasal coda at normal speech rates,
but that this oral closure deletion was less frequently observed when the nasal followed a high or mid vowel
(Chen, 2000, p. 53-54).

Chengdu Mandarin is the Mandarin variety spoken in Chengdu, Sichuan province in China. In Chengdu
Mandarin, while the nasal coda in loVN also experiences substantial amount of deletion, the [+back]
sequence more often preserves its coda, whereas the [-back] loVN sequence is especially prone to deletion
(Liao et al., 2022).

Mandarin | English

/loVN/

[an] ~ [&] /// shanl ‘mountain’ *[an] [@n] ‘ban’ [en] fang’

[an] ~ [a] & wangd forget’ *[an] [an] ‘dawn’ [an] wrong”
/loVN/ + /C/ Monomorphemic Compound

[an.k] ~ [2.k] ~ [an.k] AHFF fanl kail ‘open up’ [@n.k] ‘anchor’ [en.k], ?[en.k], *[£.k]

‘pancake’
[an.t] ~ [a.t] ~ [an.t] BT sapl.tao3 ‘discuss’ [an.t] ‘context’ [an.t], ?[(lltj.t], ’i‘[d.t] ‘long
erm

Table 1. Comparison of Mandarin and English 1o0VN.(C) with examples.

We extend the pattern to the loVN.CV context, which in Mandarin occurs only at a morpheme boundary
between a word-final nasal coda and a following word-initial C (e.g. /fanl/ + /kail/ ‘open up’). English,
though, requires nasal place assimilation to the following stop C onset within a morpheme boundary (e.g.,
[zepke+] “anchor’) (Kiparsky, 1985). This NC assimilation process is much more variable across morphemic
boundaries (e.g., gree[n bJox ~ gree[m bJox), depending on factors like speech rate (Coetzee & Pater, 2011).
In Mandarin, NC assimilation is arguably more variable and applies to a lesser degree than English, partially
due to the fact that VN.C only occurs across words. Luo (2020), for example, reported partial/incomplete
assimilation for /1/.

Our particular focus in this paper are nasal-coda + stop-onset inputs with different places of articulation
(mismatched NC) —i.e. /an+kV/ and /an+tV/, and how these sequences are produced by the two varieties of
Mandarin speakers. The L2 learners must resolve the competing pressures between applying nasal place
assimilation vs. conforming to the L1 phonotactics (Rhyme Harmony) when producing English mismatched
NC sequences. Previous findings (e.g., Chen, 2000; Luo, 2020) suggest three attested output candidates: (a)
coda place assimilation, which would violate Rhyme Harmony (RH) for IoVN; (b) faithful sequence, as a
repair for loVN [+/-back] agreement; (c) deletion, as another repair strategy to avoid the violation of RH.
We will compare the variability in the proportions of the three output candidates across L2 learners from the
two Mandarin L1 varieties, by examining different types of sequences (e.g., Mandarin-legal vs. illegal VN).

3 Methods: a production study

3.1 Participants Eleven L1 Northern Mandarin (NM) speakers and eight L1 Chengdu Mandarin (CM)
speakers participated in the study. All L1 Northern Mandarin speakers self-reported that they spoke a
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Northern variety of Mandarin (e.g., Beijing Mandarin) as their first language, and did not speak any other
Chinese language. All L1 Chengdu Mandarin speakers learned to speak Chengdu Hua before the age of 5, in
addition to Mandarin.? All L1 Mandarin speakers learned a North American variety of English as a second
language, with the mean onset age of acquisition of 6.8 years old. They arrived in Canada at the mean age of
20.1 (range = 16-26), and had been living in Canada for 2.5 years on average. They were all living in
Vancouver at the time of the study. Ten L1 North American English speakers took part in the study as the
control group. All participants were compensated with $20 CAD cash for their participation.

3.2 Procedure L1 Mandarin-speaking participants completed both Mandarin and English word
production parts, and L1 English speakers only completed the English part. In each trial, participants saw the
written text of the target word on the screen. They were instructed to click the “next” button on the screen to
listen to the recorded audio of the target word. Three carrier sentences were presented after the end of the
audio, and they were asked to read and complete the sentences using the target word they saw and heard. For
the Mandarin part, participants listened to the audio stimuli recorded in the corresponding Mandarin varieties
that they spoke. All instructions and prompts in the Mandarin part were presented in simplified Chinese
characters, while the English part was presented in English only. There were a few practice trials before they
started a different block or section during the production experiment.® All trials were fully randomized within
a block, including 16 filler trials in the English part (loVC or 1oVC.C sequences). There were 96 test trials in
total for the Mandarin part (96 words * 3 repetitions = 288 tokens), and 77 test trials in total for the English
part (77 words * 3 repetitions = 231 tokens).

The study was implemented in JsPsych. The session was conducted at the Child Phonology Lab at the
University of British Columbia. Participants sat in front of a laptop which presented the jsPsych experiment
in a recording room. The nasometry software (PENTAX Medical, Model 6450) was installed and run on a
Windows 7 Dell PC next to the laptop, and the nasometer headset was connected to the PC. After calibration,
the experimenter placed the nasometer headset on the participant at the beginning of the study. The separator
plate rested against the philtrum between the nose and the mouth to isolate nasal and oral airflow. The two
microphones positioned on the two sides of the plates measured speech signals from the nasal and oral
cavities. All audio stimuli were played through a speaker connected to the laptop.

3.3 Materials  Mandarin stimuli included 16 monosyllabic (monomorphemic) words with loVN
sequences, 40 disyllabic words with IoVN.C sequences, and 40 nonce disyllabic words. All real words were
selected from the corpus DOWLS (Neergaard, et al., 2021). The loVN monosyllabic words consisted of 8
words with /an/ (e.g., /sanl/ ‘mountain’) and 8 words with /an/ (/wan4/ ‘forget’). For the loVN.C words, the
following Cs included stops (/t, t", k, k"/), fricatives (/s, ¢, X/), affricates (/ ts", ts, te, te"/) and glides (/j, q, w/).
The place of the N could either match or mismatch the place of the following C. For example, /sanl.xai4/
‘harm’ is an example of matched place, whereas /fanl.k"ail/ ‘open up’ is an example of mismatched place
(see Table 2 for details).

Word type [Monosyllabic Real disyllabic

Context VN 'VN.C: matched NC VN.C: mismatched NC
an/ /sanl/ [/} ‘mountain’ |/tanl.tu2/ HEW ‘alone’ /fanl khail/ ZGAF ‘open up’
an/ /wand/ & ‘forget’ | /than2.kood/ #EF candy’ sanl.tao3/ AT ‘discuss’

Table 2. Mandarin stimuli type and examples.

77 English target words were included in the production experiment, including 16 monomorphemic
words with VN sequences (e.g., b[an]) and 21 with VNC sequences (e.g., c[an]tact), 16 real compounds with
VNC (e.g., p[en] [k]ake), and 24 nonce compounds with VNC (e.g., dawn yield). All real words were
selected from the corpora IPhOD (Vaden et al., 2009). A Canadian English speaker (female, aged 29)
recorded all English stimuli. For the loVN.C words, the following Cs included stops (/t, d, k, g/), fricatives
(/s, z, [7), affricates (/tf, d3/) and glides (/j, w/). As presented in Table 3, the monomorphemic VNC words

2 Chengdu Hua is a local Chinese language spoken in Chengdu, Sichuan province in China.
3 There was a nonce word block in the production study but we only report data on the real words in this paper.
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had matched place between N and C (e.g., t{eng]le), wheras the compounds always had mismatched place
(e.g., [an] [tJerm). The VN context included Mandarin-legal and -illegal sequences.

Type monomorphemic compound

Context VN IVN.C: matched NC [VN.C: mismatched NC
legal: /&n/, /an/ ban, wrong |handy, donkey an cake, long term
illegal: /an/ /zy/ rawn, bang |contact, anchor lawn care, hang dog

Table 3. English stimuli type and examples.

3.4 Data coding and nasality measurement The criteria for determining whether the nasal coda was
deleted or not were based on combining evidence of nasalance measurements and subjective coding by three
phonetically trained coders.

The degree of nasality of the nasal stop and the preceding vowel was measured through nasalance scores.
Nasalance score was calculated as the relative proportion of energy (amplitude) coming from the nose vs. the
mouth: Anasat/(Aorat + Anasa). A Praat script was run to measure the average root-mean-squared (RMS)
amplitude from both the oral and nasal channels for the vowel and nasal intervals respectively.

The subjective coding was based on acoustic evidence from the waveform and the spectrogram in Praat.
In general, nasal consonant production was indicated by increased amplitude in the nasal channel and
decreased amplitude in the oral channel. When a nasal coda was coded as present, the oral channel showed
zero or near-zero amplitude while the nasal channel showed clear energy, indicating a separation of the two
channels as vowel energy declined and disappeared. This pattern was further supported by weakened vowel
formants on the spectrogram. In contrast, when a nasal coda was coded as absent, changes in the oral and
nasal channels were more gradual, with oral energy persisting alongside nasal energy throughout the nasal
interval.

A nasal coda was considered deleted if it was coded as “absent” based on acoustic cues or if its nasalance
score was below 80 (Shi et al., 2011). Conversely, a nasal coda was considered fully produced if it was coded
as “present” and had a nasalance score above 80. These two criteria were largely consistent.

Regarding the coding of the place of the nasal coda (alveolar vs. velar), each token was independently
coded by two coders based on perceptual judgements and acoustic cues observed at the VN boundary on the
spectrogram such as velar pinch. Inter-coder agreement was high; cases of disagreement were resolved by a
third coder.

4 Results

Figure 1 and Figure 2 plot the overall raw data, namely proportions of nasal coda outputs that were
coded as faithful, deleted, or changed in place (i.e., alveolar to velar or vice versa). Fig.1 presents the two
groups’ Mandarin productions, and Fig 2. presents their L2 English productions; each split by following
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segmental context (note that here, we only analyze the N.C clusters where the C was a stop).
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Figure 1. Mandarin nasal coda produced in simple words with VN and disyllabic compounds with VN +
matched stop C and mismatched stop C by L1 NM and L1 CM speakers. %Outputs were calculated for
nasal deletion, faith and nasal place change (assimilation).
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Figure 2. English nasal coda produced by L1 NM and L1 CM speakers in simple words with VN, simple
words with VN + matched stop C, compounds with VN + mismatched stop C. %Outputs were calculated
for nasal deletion, faith and place change.

We ran four separate logistic mixed-effects models: two predicting the proportion of deletion
compared to other treatments, and another two to predict proportion of place change (repair or NC place
assimilation), one each for Mandarin and English productions.* For further analysis and a larger set of

4 We do not report results from the L1 English control group, but they produced faithful nasal coda outputs with almost
no deletion, and quite little nasal place changes, as compared to the L2 speakers.
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segmental and morphological contexts, see Zhang (forthcoming).
4.1 Results of L1 Mandarin production

4.1.1 Nasal coda deletion A logistic ME model was fit for Mandarin L1 simple word and disyllabic
compound production, with independent variables of group (L1 NM vs. L1 CM), following context (null vs.
matched NC vs. mismatched NC). The outcome variable was nasal coda deletion (deleted = 1, not deleted =
0). The model revealed a significant main effect of the following context (B = 4.78, p < 0.001), such that
more deletion occurred in IoVN in isolation compared to when a following C was added, regardless of
whether the place was matched or not between the NC. There was a significant interaction effect between
group and following context, such that CM speakers produced more deletion than NM speakers when there
was a following C ( = -1.03, p < 0.05). Among loVN.C sequences with matched vs. mismatched NC, CM
speakers deleted more nasal codas for the mismatched NC than the matched NC (B = -2.12, p < 0.01), yet
NM speakers did not have such a difference.

4.1.2 Nasal place assimilation In L1 Mandarin production, the nasal coda underwent place change
only in the context of a mismatched following C, as seen from Fig. 1. We fit a model on place assimilation
for mismatched NC sequences in Mandarin production. Place assimilation applied almost exclusively to the
alveolar nasal rather than the velar nasal in both NM and CM (B =-3.72, p <0.001). In addition, NM speakers
produced more assimilation than CM speakers (f = -1.22, p <0.05).

4.2 Results of L2 English production

4.2.1 Nasal coda deletion A logistic ME model was fit for both English L2 simple word and compound
production, with independent variables of group (L1 NM vs. L1 CM), following context (null vs. matched
NC vs. mismatched NC), and VN legalness (whether VN follows Rhyme Harmony as in Mandarin: legal vs.
illegal), and their interactions. The outcome variable was nasal coda deletion (deleted = 1, not deleted = 0).
Similarly, the model suggested that there was significantly more deletion in IoVN in isolation compared to
when a following C was added, with either a matched or mismatched place (p =4.51, p <0.001). There were
no effects of L1 Mandarin varieties or VN legalness.

4.2.2 Nasal place change in simple words  Moving on to L2 English production, we first report a
model on how much place repair applied in simple words including loVN and loVN.C. Note that in the simple
1oVN.C words, the place of NC was always matched in the UR, so the change of the place must be due to the
pressure of Rhyme Harmony between V and N. The model showed that NM speakers had significantly more
place repair compared to CM speakers (f = -0.81, p < 0.05). Illegal loVN sequences underwent more place
repair than legal sequences (B = -0.80, p < 0.05). More place repair applied to loVN.C compared to loVN in
isolation (B =0.73, p <0.05). A significant interaction effect suggested that NM speakers applied more place
repair for illegal sequences than CM speakers (B =-1.62, p <0.05).

4.2.3  Nasal place assimilation in disyllabic words ~ We also fit a model on how much place
assimilation applied in disyllabic words including both simple and compound words with loVN.C. Place
assimilation was coded when the produced nasal coda shared the same place as the following C. A change of
nasal place in the compound was considered “assimilation”, whereas a faithful output in the simple loVN.C
words was considered “assimilation”. For the mismatched NC sequences (compounds), more assimilation
applied when VN was illegal compared to legal VN for both Mandarin speakers (B =-1.57, p <0.001). For
instance, /hang/ + /dog/ is more likely to assimilate to ha/n.dJog compared to /fan/ + /girl/ -> fa[y.gfirl.
Mismatched NC had slightly more assimilation than matched NC ( =-0.93, p <0.05), and CM speakers had
more assimilation (faithful to the UR) than NM speakers for the matched NC (B = 1.43, p < 0.001).
Interestingly, there was a significant interaction effect between matched vs. mismatched NC and VN
legalness (B = 2.91, p < 0.001). The effect of Rhyme Harmony on the proportion of place assimilation was
greater for the matched NC than the mismatched NC.

The following table (Table 4) summarizes some of the key findings on the comparison between L1 vs.
L2 production by the two varieties of speakers.



Zhang & Tessier Asymmetries in Chengdu and Northern Mandarin

Context Mandarin English
VN deletion (~0.45): NM = CM deletion (~0.49): NM = CM

faithful (~0.55): NM = CM place change: NM (0.16) > CM (0.05)
VN.C: mostly faith: NM (0.98) > CM (0.92) faith (~0.80), with little deletion
matched NC little deletion: CM (0.08) > NM (0.02) place change: NM (0.27) > CM (0.06)
VN.C: deletion: CM (0.20) > NM (0.07) assimilation (~0.61): NM = CM
mismatched NC | assimilation: NM (0.31) > CM (0.16)

Table 4. Summary of speaker group-level differences in the outputs of Mandarin and English.

In sum, both groups of speakers had a substantial and equal amount of deletion in loVN and seemed to
transfer this pattern into L2 English, though L1 NM speakers repaired place to satisfy VN Rhyme Harmony
more often than L1 CM speakers in English. For the VN.C sequences with place-matched NC, both groups
of speakers produced the faithful forms overwhelmingly and very few deletion forms. For the VN.C
sequences with place-matched NC, both groups produced overwhelmingly faithful forms and very few
deletions. In L1 Mandarin, NM speakers produced more faithful and fewer deletion forms than CM speakers.
In L2 English, NM speakers showed more nasal place repair, paralleling their production in the VN
sequences. For the mismatched NC, however, the L2 patterns cannot be fully explained by L1 transfer. In the
L1, CM had more deletion while NM had more assimilation. But in the L2 production, this asymmetry did
not show up as it did in the L1: both groups of speakers had around the same rates of assimilation and deletion.

S5 MaxEnt Grammar and learning

In this section, we present a formal account of the grammars of NM and CM speakers in a set of MaxEnt
grammars. We show how the MaxEnt-predicted proportions may (or may not) match the observed production
data — that is, the proportions reported in the previous Results section — based on the proposed constraints
and weighting conditions. If a pattern is significantly different among the two groups of Mandarin speakers
as evidenced by the statistical models in section 4, we propose two different grammars respectively (although
due to the limit of space we only present tableaux for NM and discuss the group difference for CM in the
prose); otherwise we present a single grammar for both groups. To simplify the grammatical illustrations
here, we only present our grammar’s treatment of alveolar nasal inputs (i.e., /an/ and /an/), though further
analysis will need to distinguish between alveolar vs. velar inputs to capture the differentt treatment of
Mandarin mismatched VN.C (see also Zhang and Tessier, 2024).

We start with the L1 grammars for the two Mandarin varieties (5.1 below) as a starting point for L2
grammatical learning of English (5.2). In what follows, we provide hand-weighted grammars, i.e. with
constraint weights chosen by us (out of the many possible options), to illustrate the interconnectedness of
these constraints across contexts and L1 vs. L2 languages. A full analysis which uses a MaxEnt learner
(Goldwater and Johnson, 2003; Hayes and Wilson, 2008; interalia) to reach the closest approximation of
the two groups’ observed probabilities, given certain priors, is work in progress (see Zhang, forthcoming.)

First, we introduce the following Markedness constraints:

RHYME HARMONY: Assign a violation mark to every sequence of two segments, a low vowel + nasal
consonant, where one is [+back] and the other [-back] [adapted from Duanmu (2007)].

“NASALV: Assign a violation mark for every nasalized vowel.

*FINALCODA: Assign a violation mark to every segment associated with the coda position of a syllable
word finally.

LICENSE-CODAPLACE: Coda place must be licensed by the following consonant (adapted from Ito,
1988).
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*C.C: Assign a violation mark for every coda consonant followed by an onset consonant across a
syllable boundary.’

We will also use the following Faithfulness constraints (as well as one other novel constraint, introduced
later):

IDENT-PLACE: Assign a violation mark for every pair of input and output segments in correspondence
which disagree in place.

UNIFORMITY: Assign a violation for every output segment that corresponds to more than one input
segment (i.e., whenever multiple input segments are fused into a single output segment).

5.1 Mandarin grammars for loVN and VN.C sequences We start with the MaxEnt grammar for the
loVN sequences in simple monosyllabic words for NM and CM, which are identical in this case:

(1) Mandarin monosyllabic VN:

/an/ *FINALCODA | UNIFORMITY | *NASALV H prob Observed
9 5 4

(1). an -1 -9 0.5 0.5

(ii). a -1 -1 -9 0.5 0.5

In the Mandarin monosyllabic VN, the faithful output form in (1i) violates *FINALCODA. The output form
in (1ii) undergoes coda deletion and shift the nasalization feature onto the vowel, which violates both
UNIFORMITY® and *NASALV. The constraint weights shown in (1) condition satisfy the weighting condition
w(*FINALCODA) = w(UNIFORMITY + *NASALV), so the grammar outputs an equal proportion of deletion and
faithful forms. Recall that Mandarin morphemes all satisfy Rhyme Harmony (RH), meaning that no /VN/
inputs will include */ag/ or */an/ sequences. Thus we also note that RH must be weighted highly enough to
rule out the faithful mapping of those rich base inputs. This weighting will be crucial below, starting in (3).

Next, we present the relevant constraints and their weights for Mandarin disyllabic compounds with a
matched NC place in (2):

(2) Mandarin disyllabic compound VNC with matched NC:

Jan + t/ *C.C UNIFORMITY | *NASALV H Prob Observed
6.5 5 4

(1). an.t -1 -6.5 0.924 0.93

(ii). 4.t -1 -1 -9 0.076 0.07

In (2), Mandarin speakers produce overwhemingly more faithful outputs and very little deletion. Thus,
we have W(UNIFORMITY + *NASALV) >> w(*C.C). Compared to *FINALCODA in (1), the key markedness
constraint here *C.C that bans a coda consonant word-internally has a lower weight.

Now we consider the grammars for VN+C with mismatched NC place, with the NM system illustrated
in (3). Since the weights of *C.C, UNIFORMITY and “NASALV have all been determined already as in (2), the
choice between the output candidates (31) and (3ii) is determined by the competition between RH and IDENT-
PLACE vs. LICENSE-CODAPLACE. For NM, %place assimilation (0.57) has a higher probability than %faith
(0.37), so the sum of RH and IDENT-PLACE which both penalize candidate (3ii) must outweigh LICENSE-
CODAPLACE. However: inspection of this tableau in (3) reveals that the deletion candidate (iii) is now more
complicated to consider:

3> We intend this constraint to only apply to C.C sequences at word boundaries, i.¢. at the juncture between members of
a compound. Any other *C.C constraints which apply to word-internal contexts must be weighted much more highly in
a Mandarin grammar.

¢ We note that UNIFORMITY may well need to be a family of constraints, penalizing fusion relative to specific segmental
or featural components; this particular flavour of UNIFORMITY may only be relevant to penalize the fusion of an input
vowel+nasal sequence into a single nasalized vowel. See more discussion in section 5.3.
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(3) NM: disyllabic compound VNC with mismatched NC

/an+k/ | *C.C | Lic- ExiSFAITH | UNIF | RH | *NAsaLV | IDENT- H prob | observed
6.5 CODAP | [NASAL- 5 5 4 PLACE
6 C]5.5 0.5
(). -1 -1 -12.5 ] 0.36 0.37
an.k
(i1). -1 -1 -1 -12 | 0.60 0.57
an.k
(iii). -1 -1 -1 -14.5 | 0.04 0.06
ak

Looking now at candidate (3iii), there must be a constraint in addition to UNIFORMITY and *NASALV to
further penalize this particular deletion mapping, but not the deletion mapping in (2ii) — in other words, it
must somehow be worse to delete an input nasal from an /N+C/ cluster if the resulting surface [C] does not
share that /N/’s place. For the moment we will call this constraint ‘Existential Faith’, relativized to Nasal
Consonants (EF-NC), whose definition we will discuss in section 5.3. The gang of these three constraints —
UNIFORMITY, *NasalV and EF-NC — must have a combined weight greater than w(*C.C + RH + IDENT-
PLACE) and w(*C.C + Lic-CODAP), so the grammar’s outputs are mostly faith and assimilation forms with a
very low proportion of deletion.

To compare with CM (whose grammar we do not present in a tableau for reasons of space): this group
had a lower probability for place assimilation form (0.32) compared to NM (0.57). The opposite weighting
condition applies to CM as %faith (0.47) > %assimilation, i.e., w(RH + IDENT-PLACE) >> w(LIC-CODAP).
CM has a higher weight of IDENT-PLACE (1) and lower weight of LIC-CODAP (5.65). Deletion has a much
higher probability for CM (0.21) compared to NM (0.06), thus EF-NC has a lower weight in CM (4), with
*NasaLV and RH at the same weights in both groups.

5.2 L2 English grammars for loVN and VN.C sequences  As mentioned above: we assume that the
initial learning state of the L2 is identical to the end state grammar of the L1, as presented in (1)-(3). As the
L2 learner receives more and more English inputs — including those that are novel to their L1 (here, illegal
VN sequences like [an]) — the L2 grammar gradually develops towards the target grammar with the
readjustment of the constraint weights. The production data here are from L2 learners at an advanced learning
stage, which has nevertheless not reached the target grammar yet.

For the English monosyllabic words with VN that are legal in Mandarin in (4), the output proportions
are slightly different from the L1 Mandarin VN (see (1)), with a bit more deletion (0.6) compared to the
faithful output (0.4) in L2 English. This is not a pattern that can be fully explained by learning or transfer, as
if anything we would expect more faithful productions, not fewer. Nevertheless, here we assume that the
weights of the constraints are still mostly transferred from (1), though with a small decrease of UNIFORMITY
and *NAsALV, such that w(*FINALCODA) >> w(UNIFORMITY + *NASALV).

(4) English monosyllabic legal VN

/&en/ *FINALCODA UNIF *NASALV H prob observed
9 4.75 3.75

(). &n -1 -9 0.38 0.4

(ii). & -1 -1 -8.5 0.62 0.6

(5) shows the grammar for NM regarding the monosyllabic Mandarin-illegal VN. The weight of RH has
decreased from 5 in the L1 grammar to 0.2, so that the faithful form [an] in (5i) which violates RH is often
allowed (0.3). However, the largest probability mass goes to deletion outputs (0.51). IDENT-PLACE outweighs
RH in NM so that more faithful (i.e. place-mismatched) VN in (5i) are produced compared to the place-
repaired form in (5ii).

(5) NM: English monosyllabic illegal VN
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/an/ *FINALC | UNIF *NasaL | IDENT- | RHYME H prob observed
ODA 4.75 \% PLACE HARM
9 3.75 0.5 0.2
@i). an -1 -1 9.2 0.27 0.30
(ii). an -1 -1 9.5 0.20 0.19
(iii). & -1 -1 -8.5 0.53 0.51

Again comparing (5) for NM to the CM group: the CM grammar has a higher weight of IDENT-PLACE
(1.5) and the same weight of RH, which leads to a smaller proportion of place change (0.05) compared to
NM (0.19) in the output. Note that the group difference in the place change here mirrors the L1 Mandarin
production in VNC with mismatched NC. Namely, NM speakers change nasal place more often compared to
CM speakers, with a lower weight of IDENT-PLACE in both L1 and L2 grammars.

In our current grammatical analysis, we will skip the grammar for English simple disyllabic words, with
matched NC (e.g., anchor). We recognize the result in 4.2.2 and Fig. 2 (“matched NC”) suggest a small
proportion of place changes i.e. /ar.k/ = [an.k] in NM. Since this input has matched place between both VN
and NC, and this winner has neither, it would appear that a harmonically-bounded candidate is winning much
more frequently than any MaxEnt grammar would allow. We therefore hypothesize that learners must
sometimes be using the wrong stored input for these forms, i.e. /an.k/, and so set them aside.

Now we move on to the disyllabic compounds with legal VN and mismatched NC (e.g., pan cake) as
shown in (6). According to section 4’s results, the NM and CM group difference disappears (e.g., in place
change), with both groups producing outputs of mostly place assimilation (0.53) and a decrease in deletion
(0.03). UNIFORMITY, *NASALV, IDENT-PLACE and RH all have their weights already determined for this L2
grammar in the monosyllabic words illustrated in (4) and (5). Compared to the L1 grammar, the weights of
Lic-CoDAP and ENCF have dropped dramatically, from 6 and 5.5. to 0.9 and 1 respectively.

(6) NM: English disyllabic compound with legal VN and mismatched NC
/een + k/ *C.C | UNIF | *NasV | EF- Lic- IDENT- | RH H | prob | obser
6.5 4.75 3.75 NC CoDAP | PLACE | 0.2 ved
1 0.9 0.5
(). ®n.k -1 -1 -74 | 043 0.44
(i1). ®nk | -1 -1 -1 =72 052 0.53
(iii). .k -1 -1 -1 95 005) 0.03

If we translate these same constraint weights from (6) to the context of illegal VN + mismatched NC
(e.g., lawn care) as in (7), the difference between the faithful and assimilation output probabilities increases
compared to the legal VN context as expected. The grammar prefers the assimilation form much more over
faith, as the former option satisfies both RH and Lic-CODAP. However, this asymmetry predicted by the
Maxent grammar (faith: 0.34; assimilation: 0.61) is not to the same extent as the observed values (faith: 0.12;
assimilation: 0.81). The same problem occurs in a CM grammar, i.e., we also cannot not predict the exact
same great amount of asymmetry if we translate the grammar for legal VN to the illegal context in compounds
with the current set of constraints. We leave for future work the task of investigating what further constraints
might best amplify the difference between these two contexts.

(7) NM: English disyllabic compound with illegal VN and mismatched NC

/an + k/ *C.C | UNIF | *Nas | EF- Lic- IDENT- | RH H | prob obser
6.5 475 |V NC CODAP PLACE | 0.2 ved
3.75 1 0.9 0.5
(1). an.k -1 -1 -1 -7.6 0.34| 0.12
(i1). an.k | -1 -1 -7 0.61 | 0.81
(iii). a.k -1 -1 -1 -9.5 0.05 | 0.07
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5.3 What is ‘Existential Faith’ and its relevance to nasal consonants? In our MaxEnt analysis of
VN-+C sequences, we find that the observed rates of nasal deletion across contexts require an additional
penalty for deletion in N+C place-mismatched contexts (compare candidates (2ii) vs. (3iii)). Our tentative
suggestion as to what constraint imposes this penalty is a brand of ‘existential’ faithfulness, with regard to
the set of features that an input nasal is specified for (for a sort of precedent, see Struijke, 2000). More
specifically, we provide a definition for such a constraint:

Ex1SFAITH-[NASALCONSONANT]: Assign a violation for every input nasal consonant which has none
of its input features in correspondence with an output consonant.

This constraint is satisfied by any candidate which retains a surface nasal consonant, whether faithful or
place-changed, since both of those output nasals will retain the input segment’s [nasal] feature. In the case of
what we have described as nasal segment “deletion” — which clearly involves at least some degree of fusion,
with the [nasal] feature surfacing on the preceding vowel, see footnote 6 — this existential constraint can still
be satisfied if the input nasal’s place feature can be mapped to a surface consonant. When the input’s /N+C/
sequence shares place, as in (2), this can be achieved by more fusion, fusing the input nasal’s place feature
with its following stop. Thus, the surface [t] in candidate (2ii) is somehow the bearer of the input /n/’s coronal
place. However: if the input’s /N+C/ sequence does not share place, then no such fusion is possible: a surface
sequence of [&.k] as in (3iii) or even [d.k] in (7iii) has not retained any of the input nasal’s place OR nasal
features on an output consonant — and so they violate this Existential-Faith.

We do not present this constraint as a perfect specimen of cross-linguistic typology within a universal
CON,; rather, we use it as a tool to investigate how our production data may be captured using a MaxEnt
grammar and the rest of our constraint set. Ongoing work will continue to refine this account.

6 Discussion

Compared to other weighted-constraint frameworks such as Harmonic Grammar, MaxEnt allows
variation among multiple possible optima in the output and directly models probability distributions that are
comparable to the observed proportions in production data. The formal analysis of section 5 demonstrates
the extent to which our MaxEnt grammar is able to simulate the observed variabilities in the two varieties of
Mandarin L1 and English L2 output probabilities of loVN and loVN.C. For instance, L1 group differences
carry over to L2 in terms of nasal place change: NM speakers applied more place change in L1 Mandarin
loVN + mismatched C than CM speakers, and the same pattern was observed in L2 English illegal loVN. In
our corresponding analysis, NM speakers start with a lower weight of IDENT-PLACE compared to the CM
speakers, which is then transferred and even slightly amplified in L2 learning.

This work in progress also attempts to capture an asymmetry in the grammar of legal vs. illegal VN with
mismatched NC in English compounds. The constraints and weighting conditions translated from the legal
context generate the expected preference for the fully place matched VNC output sequences in the illegal
context, yet not to the observed magnitude. One solution might lie in proposing additional constraint targeting
segment-specific mapping when taking into account of all loVN combinations — that is, imposing separate
penalties for alveolar — velar vs velar — alveolar mappings. We also propose a constraint along the brand
of existential faithfulness to model the nasal deletion rates for loVN with a mismatched NC, and ongoing
work continues to elaborate on this analysis.

The current work extends the existing literature of formal modeling of L1 phonological learning to the
domain of L2, and make falsifiable predictions about phonological development. We also recognize that
some of our observed L2 patterns cannot be just explained by transfer or learning — namely, more deletion of
nasal coda in legal VN in L2 English as compared to L1 Mandarin. Future work can further investigate the
sources of these non-transfer effects and explore how these unexpected behaviors emerge and stabilize as L2
phonological grammars evolve over time.
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