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Introduction This paper introduces a new model of “dual mechanism” for tonal-segmental 
interaction in Standard Mandarin, tested with the diphthongs /ai/ and /au/ data from a reading 
corpus. The interaction between tones (contours of f0) and vowels has been extensively studied, 
with accumulating evidence of intrinsic f0 (e.g., [1]) and the tonal effect on vocalic realization 
of simple vowels (e.g., [2,3]) or of diphthongs [4,5,6]. This interaction has been verified as a 
common and inherent phenomenon. However, existing research on simple vowels all used data 
taken from the midpoint of production, and the dynamic changes of f0-F1 interaction over time 
are not clear. [7] treated tones as a consonantal gesture in terms of gestural coordination within 
the Articulatory Phonology framework [8]. In a CV syllable in Mandarin, the tonal gesture (T) 
tends to show an in-phase coordination with the vowel gesture (V), and an anti-phase 
coordination with the consonant gesture (C) leading to a C-centre effect on their temporal 
coordination [7] (Fig. 1a). We thus hypothesize that the vowel realization has three phases (Fig. 
1b). In Phase 1, a purely physiological linear relationship between f0 and F1 is observed due 
to the tonal part not being yet activated, with f0 being controlled only by the vowel gesture; in 
Phase 2, due to the increased impact of the tonal gesture, we hypothesize that the impact of f0 
on F1 is assumed to be gradually reduced or even reversed due to the joint control on f0 by 
tonal and vowel gestures; in Phase 3, the part where the release from the target of the tonal 
gesture starts, the control on f0 by the tonal gesture will fade gradually and f0 will display a 
“purely physiological” interaction with F1. 
Methods The data was composed of recordings of 20 participants (10 females and 10 males) 
from a reading corpus AISHELL-1 [9]. We analyzed the samples of /ai/ and /au/ from the non-
initial mono/disyllabic words without glides. The data were automatically segmented and 
aligned at the syllable and the phoneme levels, using the Montreal Forced Aligner [10]. 
Segmental boundaries, word information, acoustic information (f0 and F1), tonal information, 
segmental information, and sentence information were automatically measured and extracted 
in Praat [11]. This yielded a data set of about 3000 occurrences for each diphthong. For each 
occurrence, we obtained 11 time-normalized intervals. Using GAMMs [12], we modelled the 
interaction between the two continuous predictors: f0 and duration, with the outcome being F1. 
We used time as a continuous predictor, represented via a smooth as a non-linear variable, to 
track the dynamic patterns during the diphthong realization. Speaker and word were considered 
as random smooths adjusted by the preceding tone.  
Results We used the plot_diff function to quantify the mutual influence of f0 on F1 over time. 
We set the high pitch at the 80% interval of f0 and the low pitch at 20%. The output is the 
difference of F1 between two f0 values, which can represent the impact of f0 on F1 (Fig. 2, /ai/ 
top; /au/ bottom). Fig. 2a, 2b, 2c, and 2d show that the F1-difference in the low-high range of 
f0 is negative in Phase 1 and approaches/crosses the 0 value in Phase 2 for all cases confirming 
our predictions formulated above. In Phase 3, the F1-difference comes back to negative in the 
case of /au/ (Fig. 2c and 2d) and /ai/ for male speakers (Fig. 2a). 
Conclusion The modelling results are generally consistent with the hypothesis for the two 
diphthongs: this “three-phase” pattern can be explained by the “dual-mechanism” control 
within the tonal effect. f0 impact on F1 shows a negative F1-difference in Phases 1 and 3, 
indicating an inherent negative correlation; the impact declines or reverses its direction in 
Phase 2, due to the “decoupling” of the laryngeal-supralaryngeal interaction due to the joint 
control of tonal and vowel gestures in this phase. The positive correlation in Phase 3 for /ai/ in 
the female case indicates a potential for a gender-specific difference in diphthong realization: 
female speakers tend to have more dynamic and less monophthongized realizations of 
diphthongs, found previously in [13,14], which needs further exploration in the future. 



(a) (b)  
Fig. 1. (a) Gestural organization of CV syllables in Mandarin. (b) Predicted f0 impact on F1 in three Phases. 

(a) (b)  

(c) (d)  
Fig. 2. The F1-difference between high pitch and low pitch. The thick red dashed vertical lines show the limits 

of three phases (P1, P2, P3). (a): /ai/ male. (b): /ai/ female. (c): /au/ male. (d): /au/ female. 
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