Acquisition of articulatory dynamics in second language speech:
Japanese speakers’ production of English and Japanese liquids
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Introduction. First-language (L.1) Japanese speakers have difficulty in producing English liquids. It is widely hypoth-
esised that this is a consequence of L1 Japanese speakers classifying English liquids as poor instances of the L1 liquid
category (Japanese /r/; Bradlow 2008). The precise nature of this influence in articulation, however, is not widely under-
stood, due to a lack of direct comprehensive research on English versus Japanese liquids. Given that alveolar taps, the
canonical realisation of Japanese /r/, show a greater vocalic coarticulation than other members of liquids, I hypothesise
that (1) L1 Japanese speakers show distinct liquid-vowel coarticulatory patterns in English liquids according to vowel
contexts due to a carry-over effect from articulatory strategies for Japanese /r/ and (2) proficient L2 learners are more
capable of adjusting coarticulation patterns than less proficient L2 learners (Beristain 2022).

Methods. Midsagittal ultrasound tongue images and audio recordings were collected from 29 L1 Japanese speakers and
14 L1 North American English speakers. L1 Japanese speakers are classified into ‘intermediate’ (n = 9) and ‘advanced’
(n = 20) groups based on perceptual identification accuracy of English /1 1/ using Gaussian mixture models. Target words
for the production study include 16 English words (eight minimal pairs) contrasted by word-initial /I/ and /1/ and five
Japanese words with word-initial Japanese /r/ preceding /a/, /i/ and /u/. In total, there are 1,309 tokens of English /1/,
1,321 tokens of English /1/ and 445 tokens of Japanese /r/ for analysis. Tongue splines were tracked based on a set of
x/y Cartesian coordinates for 11 reference points along the tongue surface using the DeepLabCut plug-in via Articulate
Assistant Advanced (AAA), which were then within-speaker z-scored for cross-speaker comparison. Tongue splines were
extracted in the analysis window consisting of acoustically delimited word-initial liquid-vowel intervals with an additional
350ms interval padded before the liquid onset (as articulatory onset can precede acoustic onset).

Three statistical analyses were used to evaluate liquid-vowel coarticulatory patterns. First, I run Principal Component
Analysis (PCA) to identify key dimensions in midsagittal tongue shape throughout the interval and summarise them into
numeric values (PC scores). I then conduct functional PCA (FPCA) to further convert into numeric values (FPC scores)
time-varying changes of the PC scores from 350ms prior to the onset through to the offset of the word-initial liquid-vowel
interval. Finally, I fit Bayesian hierarchical regression models to predict the PC trajectory patterns, expressed numerically
by FPC scores, by vowel contexts and groups as fixed effects and the interaction between them. The random effects
include by-speaker varying intercepts and slopes for vowel contexts and by-item varying intercepts and slopes for groups.
I use weakly informed priors to allow for a wide range of possible values. I report the estimated coefficients (3) and the
95% credible intervals (i.e., [min., max.]) calculated from the model (cf. Roettger, Mahrt, and Cole 2019).

Results. The PCA analysis is shown in the left panel in Figure 1. The first two PCs explain the largest variation in the
data: 39.28% for PC1 and 30.59% for PC2. PCl is associated with tongue body raising and lowering and PC2 with tongue
advancement. In the subsequent analyses, I focus on PC1 given its proportion of variance being the largest.

Next, the results of the FPCA analysis is shown in the middle panel in Figure 1 for English /1/ (top), English /1/ (middle)
and Japanese /1/ (bottom). Here, to highlight the overall tendency, time-varying changes of PC1 scores are reconstructed
directly from FPC1 that accounts for the largest variation in trajectory pattern (58.10%). The x-axis represents proportional
time from the onset of the 350ms window (0%) to the vowel offset (100%), and the two vertical dotted lines represent
mean liquid interval. The trajectories show that the speaker’s tongue position is close to the mean tongue shape prior to
the liquid onset, representing their pre-speech posture (Wilson and Kanada 2014). The tongue is then slightly retracted
immediately before transitioning into the liquid and vowel portion. During the liquid and vowel interval, the trajectory for
the /i/ context (red) is associated with higher FPC1 values, indicating a greater degree of tongue body raising and fronting



(i.e., higher PC1 values), followed by in the /u/ (green) and /a/ (blue) contexts. Here, a clear clustering of dynamic
PC1 contours is shown for L1 Japanese speakers (i.e., intermediate and advanced groups), suggesting that tongue body
movement across vowel contexts is more variable for L1 Japanese speakers than for L1 English speakers.

Reconstructed PCH trajectories from FPC1 Estimated FPC1 scores for IV
L1 English || Il Advanced [ L1 English Il || Advanced

, - =
FEE T E LT E

2 P P i

i P : ; i p af /Ul jal i
o i Vowel
N ; = =] o\ Estimated FPC1 scores for //

P = ; o

Estimated FPC1 scores

L1 English I I Advanced

Reconstructed PC1

Estimated FPC1 scores

£ 50 75 100
Proportional Time (%) Vowel

vowel — /a/ — /il — I/ vowel ® /a/ A [/ m [/

Figure 1: Left: Variation in midsagittal tongue shape captured by PCI1. Middle: Time-varying PCI changes
reconstructed by FPCI. Right: Posterior distributions of FPCI values for English /l/ (top) and /¥ (bottom).

Finally, the FPC1 values estimated from the Bayesian hierarchical regression models are shown in the right panel in Figure
1. FPCI1 values are overall higher in the /i/ context, followed by the /u/ and /a/ contexts. English /1/ shows a group-vowel
interaction for the estimated FPC1 scores. Credible intervals for L1 English speakers show greater overlap with zero (8 =
1.26 [—1.93, 4.22] for /i/, B = —1.99 [—4.93, 1.10] for /a/ and 8 = —2.40 [—6.03, 1.17] for /u/). This indicates that their
productions are more similar across vowel contexts compared to that of L1 Japanese speakers (8 = 3.55 [0.07, 6.91] for
fil, B =—8.51[—11.78, 6.91] for /a/ and B = —2.79 [—6.51, 1.35] for /u/ for the intermediate group; 3 = 3.22 [0.13, 6.36]
for /i/, 5 = —8.92 [—12.05, —5.91] for /a/ and B = —4.34 [—7.90, —0.55] for /u/ for the advanced group).

English /1/, on the other hand, does not show clear group-vowel interactions. Credible intervals show a greater degree
of overlap with zero for /u/ (8 = 0.59 [—3.17, 4.38] for L1 English speakers, 5 = 0.79 [—3.24, 5.07] for intermediate
L1 Japanese speakers, and 3 = 2.05 [—1.63, 5.66] for advanced L1 Japanese speakers) compared to /i/ (8 = 3.59 [0.53,
6.68] for L1 English speakers, 8 = 6.57 [3.12, 9.91] for intermediate L1 Japanese speakers and 5 = 7.59 [4.60, 10.45] for
advanced L1 Japanese speakers) or /a/ (5 = —2.87 [—6.27, 0.53] for L1 English speakers, 8 = —4.99 [—8.79, —1.23] for
intermediate L1 Japanese speakers and = —3.22 [—6.32, —0.02] for advanced L1 Japanese speakers).

Discussion and Conclusion. The analysis demonstrates that .1 Japanese speakers show a greater liquid-vowel coarticu-
lation than L1 English speakers for English /1/, suggesting L1 transfer of liquid-vowel coarticulation into L2 (cf. Yamane,
Howson, and Po-Chun (Grace) 2015). Vowel contexts influence the production of English /1/ in a similar manner across
groups, which may reflect a weaker coarticulatory resistance for English /I/ compared to English /1/ (Proctor et al. 2019).
No notable effects of L2 proficiency, investigated through classifying L1 Japanese speakers into ‘intermediate’ and ‘ad-
vanced’ groups using perceptual accuracy, are found. This could be because perceptual accuracy does not well capture
differences in coarticulatory adjustability among L1 Japanese speakers who are relatively homogeneous late bilinguals
(Beristain 2022). Future research will explore the articulatory dimensions not included in this study.
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