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ABSTRACT

A Study of Rhotic Vowels in Naish Languages

Youjue He (Linguistics and Applied Linguistics Major)
Supervised by Prof. Feng Wang

ABSTRACT

This study investigates the rhotic vowels in the Naish languages, providing a systematic
empirical description and comparative analysis across four dialects: Lijiang, Bowan, Ciwa, and
Boshu. By examining rhotic and related vowels, the research explores historical phonological
traces and outlines an evolutionary path for rhotic vowels in the context of general linguistics.

The methodology integrates field-collected acoustic signals with Ultrasound Tongue Imag-
ing (UTI). Acoustic parameters, including formant patterns, duration, and voice quality data,
were analysed using interpolation for missing values, various normalisation, and Discrete Co-
sine Transform (DCT). Physiological data were extracted using the DeepLabCut model to
obtain tongue contours for articulatory pattern comparison. Statistical modelling involved
both static and dynamic analyses, employing k-means clustering, Linear Mixed-Effects Models
(LMM), and Generalised Additive Mixed Models (GAMM).

Acoustic analysis, using the cross-linguistic stable vowel /a/ as a reference, reveals signif-
icant differences in the acoustics of the rhotic vowel /2+/ across the four dialects. While Bowan
and Ciwa exhibit similar F1 X F2 patterns, Lijiang and Boshu are more closely aligned. Re-
garding rhoticity (manifested as F3 lowering), Boshu shows the strongest effect, followed by
Lijiang, with Ciwa and Bowan being relatively weaker. GAMM-based temporal analysis indi-
cates that /2+/ possesses a dynamic trajectory in all dialects, primarily in F1 and F3. Due to the
simple syllable structure of Naish, rhoticity tends to be realised either early (at approximately
30% of the duration) or at the offset, suggesting it is an intrinsic feature of these vowels.

Physiological results indicate that while posterior tongue and tongue root movements are
consistent across dialects for /2+/, tongue tip gestures diverge significantly. Boshu and Ciwa
favour a "bunched” pattern (tongue tip down with body retraction), whereas Lijiang and Bowan
exhibit a “retroflex” pattern (tongue tip raised). Specifically, Bowan shows significantly lower
tongue root and posterior positions. Temporal analysis reveals that maximum displacement
velocity occurs within the first 10% - 20% of the segment, aligning with the high-rhoticity

acoustic target at 30%. Coarticulatory effects from initials are evident: retroflex and alveolar
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initials facilitate earlier realisation of the articulatory target, followed by labials.

The study also examines the rhotic vowel /v+/ and the pharyngealized vowel /&%/, both
of which are cognates of /2+/ and can be considered as different stages in sound change. Ciwa
preserves a unique phonemic contrast between /&*/ and /&/, where pharyngealization is char-
acterised by tongue root retraction. In Bowan and Boshu, the labiodental rhotic /v+/ displays
varying acoustic patterns depending on its phonological status. Regarding the “tense-lax”
vowel debate in Lijiang, the results show that rhotic articulation induces significant H1-H2
differences, confirming the interaction between phonation (voice quality) and supraglottal ar-
ticulation.

In conclusion, combining synchronic experimental evidence with historical comparison,
this study revisits the sound change of Naish rhotic vowels. It is proposed that the pharyn-
gealized vowels in Ciwa represent a residual stage of “derhoticization,” while variation pat-
terns in Lijiang suggest a universal trend toward apical or plain vowels. The coalescence in
Boshu reflect the early stages of rhotic vowel formation influenced by initials. Despite varied
physiological strategies, certain intra-dialectal consistency is observed. Boshu and Lijiang are
dominated by a tongue-tip raising gesture, whereas Ciwa and Bowan primarily exhibit a re-
tracted tongue-body gesture. By integrating these articulatory findings with acoustic data and

historical comparison, this study proposes a general model for the evolution of rhotic vowels.
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