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Puzzle: In the Formosan language Thao, the sibilants /s/ and /ʃ/ and the lateral fricative /ɬ/ trigger 
full assimilation in an anticipatory (right-to-left) consonant harmony process exemplified in (1).  
 
(1) (a) *ʃisi > /sisi/ ‘goat’ 
 (b) *saqiʃ > /ʃaqiʃ/ ‘face’ 

(c) *saɬa > /ɬaɬa/ ‘Formosan maple’  (Blust, 1995) 
 
Interestingly, /θ/ is not a trigger, as demonstrated by the forms in (2). 
 
(2) /ʃmiθi/ ‘shake off’, /ɬuθi/ ‘don’t string them’  (Blust, 2003) 
 
Characterizing this process presents a puzzle for distinctive feature systems in which /s/, /ʃ/, and 
/ɬ/ do not form a natural class to the exclusion of /θ/ (e.g., the default feature set of Steel & Jurgec, 
2017). Possibly, the Thao rule is unnatural; alternatively, there is in fact a shared feature.  
 
Proposal: We propose that [tongue fold] is a feature that can be shared by /s/, /ʃ/, and /ɬ/ but not 
/θ/. The articulation of most speech sounds can be described in the midsagittal plane alone. 
However, electropalatography (EPG: e.g., Pouplier et al., 2011) and ultrasound (Whalen et al., 
2011) studies of the English sibilants /s/ and /ʃ/ suggest that the articulation of both segments 
involves control of the sides of the tongue to form a narrow groove for /s/ and a wider groove or 
doming for /ʃ/, while the tongue remains flat for /θ/. This observation is related to past proposals 
for the features [groove] (Halle & Stevens, 1979) and [TTCA] “Tongue Tip Constriction Area” 
(Gafos, 2014: Ch. 4) to distinguish coronal fricatives. Recent 3D Electromagnetic 
Articulatography (EMA) results for the Australian English lateral /l/ suggest that it too involves 
active control of the sides of the tongue (Ying et al., 2021). Control of the tongue to create a groove, 
dome, or tilt—what we term “tongue fold”—is thus a candidate distinctive feature that unifies 
sibilants and laterals to the exclusion of /θ/.  
 
Empirical test: If the feature [tongue fold] is emergent rather than innate (Mielke, 2008), then we 
would expect some languages to lack this feature altogether. Japanese is a good candidate for such 
a language since it lacks a lateral phoneme. Moreover, EPG data suggests that the articulatory 
kinematics of the Japanese sibilants /s/ and /ɕ/ differ from that of their English counterparts 
(Matsui, 2017). We hypothesize that Japanese phonology lacks the distinctive feature [tongue 
fold], and so the articulation of the sibilants /s/ and /ɕ/ does not involve active control of the sides 
of the tongue. Accordingly, we predict that any grooving/doming during Japanese sibilant 
production will follow as a passive consequence of directly controlling other phonetic dimensions.  
 We test this prediction using EMA recordings from three adult native Japanese speakers 
producing real words containing /s/ and /ɕ/. EMA sensors were placed along the midsagittal plane 
of the tongue at the tongue tip (TT), tongue blade (TB), and tongue dorsum (TD), and parasagitally 
to the left (PTL) and right (PTR) of the TB sensor. To quantify grooving/doming, the angle γ 
formed by the TB, PTL and PTR sensors was calculated using the law of cosines.  
 Qualitative analysis of the EMA data suggested three main articulatory differences between /s/ 
and /ɕ/: (i) /ɕ/ had a consistently domed shape, while /s/ had a consistently flatter shape, (ii) /ɕ/ had 
a higher TB than /s/, and (iii) /ɕ/ had a lower TT than /s/. (ii) and (iii) suggest a possible difference 
in the primary articulator, such that /ɕ/ is articulated primarily with the TB, and /s/ with the TT. 
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This difference might also underlie the observed difference in tongue fold: perhaps the domed 
shape of /ɕ/ is a side effect of raising the TB to achieve its constriction goal.  
 If doming is indeed a passive consequence of TB height, then we would expect a negative 
relationship between TB height and the angle under the tongue, regardless of segment. Figure 1 
shows the results: (i) a clear difference between the two segments in both TB height (/ɕ/ higher 
than /s/) and doming (/ɕ/ more domed than /s/); (ii) a strong negative relation between these 
dimensions for both segments. A linear mixed effects model of γ with fixed effects of TB height, 
segment, and their interaction, as well as maximal by-speaker random effects, revealed TB height 
to be the only significant predictor (B = -1.24, SE(B) = 0.09, t(1.64) = -14.17, p < .05); there was 
no main effect of segment (B = 0.30, SE(B) = 0.13, t(1.75) = 2.27, p = .17) or significant interaction 
between TB height and segment (B = -0.05, SE(B) = 0.08, t(1.86) = -0.70, p = .56).  
 
Discussion: These results confirm the prediction that in Japanese, grooving/doming is not actively 
controlled to signal the phonological distinction between the anterior and posterior sibilants but is 
rather a passive consequence of TB height. This finding supports the hypothesis that the distinctive 
feature [tongue fold]—while active in other languages like Thao (and some varieties of English)—
is not active in Japanese phonology. This hypothesis has a number of broader implications. First, 
it might underlie the well-known observation that adult native Japanese speakers have difficulty 
learning the English rhotic~lateral contrast. Next, the more restricted distribution of Japanese /ɕ/ 
compared to English /ʃ/ might be due to the fact that English /ʃ/ is specified for [tongue fold], 
which could render it more robust to coarticulatory effects (Keating, 1988). If sibilants can vary in 
whether or not they are specified for [tongue fold], then we might expect laterals to exhibit similar 
variation. New Zealand English presents a possible example; a recent study indicates that the 
variety may be transitioning away from active lateral control (Strycharczuk et al., 2020), achieving 

lateral sounds with only midsagittal 
constrictions in some environments. The 
[tongue fold] feature may also underlie known 
cross-linguistic variation in the phonological 
patterning of laterals (see, e.g., Mielke, 2005), 
beyond the cases discussed here.   
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Figure 1. Relationship between TB height and doming 
for all tokens of /s/ and /ɕ/ (labeled ‘S’); linear 
regression lines fit to each segment’s distribution. 
Both dimensions were normalized within subject to 
facilitate comparison across subjects. The y-axis 
represents the angle under the tongue, so a smaller 
value indicates a greater degree of doming. 


