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There is ample evidence that second language (L2) English learners have difficulty with 

both phonological (Archibald, 1997; Backman, 1979; Broselow, 1988; Broselow, Hurtig, & 

Ringen, 1987; Grosser, 1993; Guion, 2005; Wenk, 1985; Willems, 1982) as well as phonetic 

aspects of English prosody and intonation (Adams & Munro, 1978; Barlow, 1998; Flege & Bohn, 

1989; Flege & Hillenbrand, 1984; Fokes & Bond, 1989; Graham & Post, 2018; Grosser, 1993; 

Mennen, 2004; Ueyama, 2000). Few studies, however, have investigated the articulatory 

kinematics of non-native English in relation to prosodic factors. Therefore, we aim to study the 

articulatory correlate of the lexical stress condition in the English vowels produced by Mandarin 

learners of English. In American English, both tense-lax contrast and lexical stress are realized in 

spectral as well as temporal domains. Tense vowels are articulated in more extreme outer locations 

of the vocal tract than lax vowels, whereas lax vowels are articulated closer to the center of the 

vocal tract. Tense vowels also feature longer vowel durations than do lax vowels (Ladefoged, 2005; 

Ladefoged & Maddieson, 1996). English vowels associated with lexically-prominent (i.e. stressed) 

syllable features enhanced spectral and temporal information relative to the vowels that belong to 

lexically not prominent syllables (Cambier-Langeveld & Turk, 1999; Cole et al., 2010; Kochanski 

et al., 2005; Sluijter & Van Heuven, 1996). According to the Perceptual Assimilation Model 

(PAM), Mandarin speakers would merge English tense-lax vowel pair into a single category, 

resulting in assimilation in the spectral domain. Moreover, previous studies showed L2 Mandarin 

speakers’ production of spectral cues lags considerably behind their mastery of the temporal cues 

(Chen, 2006; Jiang, 2008; Lin & Wang, 2001). Thus, we hypothesize that the Mandarin speaker 

retains the tense-lax contrast that are modulated by lexical stress condition in a temporal domain.  

To test this hypothesis, the data was drawn from a Mandarin Accented English-

Electromagnetic Articulogrophy Corpus (Ji et al., 2014). It contains time-synchronous acoustic 

and articulatory-kinematic data, collected from native English speakers and Mandarin learners of 

English. The target vowels with and without lexical-prominence were selected from the subset of 

the corpus. Acoustic (spectral and temporal information) and articulatory (horizontal and vertical 

tongue tip and tongue body location) data of the target vowels were analyzed. The analysis relied 

upon the linear-mixed effect model and pairwise comparison for posthoc analysis. The model was 

built including Group (L1 vs L2) and Vowels as predicting factors with random intercept by the 

speaker. The results revealed that L1 speakers used both temporal and spectral cues to distinguish 

the tense-lax pair, regardless of stress conditions. The tense vowels were longer than the lax vowel 

in both stress conditions (p<.01). Two vowels were separated more clearly with a smaller overlap 

in the stressed condition than in the unstressed condition in articulatory and acoustic domains. On 

the other hand, L2 speakers used only temporal cues distinctively for the tense-lax pairs in both 

stress conditions (p<.01). The spectral cues of the tense and lax vowels were similar to each other 

showing a large overlap. In particular, the TT gestures (Fig. 1) of /i/ and /ɪ/ were more overlapped 

in the stressed condition (70%) than in the unstressed condition (61%). We describe additional 

details that we found from acoustic and articulatory results of other vowel categories.  

 

 

 



(a) Stressed (b) Unstressed 

 ENG MAN         ENG MAN  

  
Figure 1. TT gesture of /i/ in red and /ɪ/ in green modulated by lexical stress. 
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