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ABSTRACT 

 

This study investigates the link between L1-Mandarin 

speakers’ perception and production of English /i, ɪ/ 

(high) and /ɛ, æ / (mid) vowels. Through perceptual 

categorization and phonetic imitation experiments, 

we found that L2 speakers have difficulty integrating 

spectral and durational cues for English vowel 

categorization, as indicated by either a trade-off or a 

null correlation between the perceptual weights of the 

two cues at the individual level. For the perception-

production link, the imitation of English high vowels 

was constrained by the reliance on durational cues in 

perception and mediated by L1 categories at the 

phonological level. In contrast, the perception-

production link for English mid vowels was only 

established at the acoustic-phonetic level for vowel 

quality but not for vowel duration. Our findings 

provide a look into the level of abstraction of L2 

sound categories in non-native speakers across 

different phonetic aspects and vowel contrasts. 
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1. INTRODUCTION 

While some second-language (L2) learning models 

propose a strong connection between speech 

perception and production [4], other models do not 

make a clear association between the two [1, 2]. Most 

L2 studies explored the two modalities separately in 

different tasks, yielding discordant claims about the 

perception-production link. To rectify this, the 

current study uses perceptual categorization and 

phonetic imitation experiments to investigate the 

perception and production of English /i, ɪ/ and /ɛ, æ / 

vowel contrasts by L1-Mandarin speakers and the 

perception-production link at the individual level 

through engaging the two modalities simultaneously.  

In English, tense vowels have more peripheral 

F1/F2 values and longer durations than lax vowels 

[6]. Perceptually, however, English native speakers 

rely more on spectral than durational cues for 

categorizing high (/i, ɪ/) and mid (/ɛ, æ /) vowels [10]. 

Furthermore, the perceptual weights of spectral and 

durational cues are positively correlated at the 

individual level in mid vowels [11], whereas the 

correlation is underexplored in high vowels. In 

addition, [11] used a phonetic imitation task to 

examine the perception-production link for mid 

vowels in English native speaker. They found less 

faithful spectral imitation in ambiguous tokens than 

in unambiguous /ɛ/ and /æ / tokens, suggesting that 

native phonological categories constrain phonetic 

imitation. In contrast, duration, the secondary cue in 

L1-English speakers’ vowel categorization, was 

imitated gradiently. At the individual level, the 

speakers with a stronger reliance on spectral cues in 

perception exhibited a greater degree of duration 

imitation in production, implying that some English 

native speakers were more sensitive to acoustic-

phonetic information in general, which was reflected 

in their duration imitation and showed the perception-

production link at the acoustic-phonetic level. 

In contrast, previous studies showed that L1-

Mandarin speakers heavily rely on duration to 

distinguish English high vowels /i, ɪ/, while the role 

of duration is less clear for mid vowels /ɛ, æ / [7, 8]. 

This highlights the fact that L1-Mandarin speakers 

use acoustic-phonetic cues to categorize English 

vowels differently from native speakers. The 

correlation between spectral and duration cue weights 

in L1-Mandarin speakers, however, remains unclear. 

Regarding the L2 perception-production link, most 

studies correlate perception and production measures 

through separate tasks and thus lead to mixed 

conclusions [5, 8, 17]. In addition, in terms of 

phonology, Mandarin lacks tense-lax vowel contrasts 

but has /i/ and [ɛ] (an allophone of /a/) in its 

inventory; also, Mandarin contrasts vowels in 

spectral but not durational aspects [13]. These 

indicate a possible modulation of L1 linguistic 

knowledge in the L2 perception-production link [5, 8, 

17].  

Given the differences in phonetic cue weightings 

and native phonological categories compared to 

English native speakers, we aim to investigate the 

perception-production link in L1-Mandarin speakers 

for different L2 English vowel contrasts. 

2. METHODS 
2.1. Participants 

Twenty-five L1-Mandarin speakers were recruited. 

However, 9 and 6 participants were excluded from the 
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data of high and mid vowels, respectively, due to their 

mislabeling responses in the perception experiment 

(reversed pattern of identification), resulting in a 

sample of 16 participants for high vowels (8F, 8M; M 

= 24.3) and 19 participants for mid vowels (11F, 8M; 

M = 24.5). All participants were native Mandarin 

speakers and had learned English as a second 

language. Their self-reported English proficiency was 

4.38 and 4.33 on a scale of 1 to 7 (1 being poor and 7 

being proficient), and the onset of L2 exposure was 

6.25 and 5.94 years of age, for the high vowel group 

and mid vowel group, respectively. None of the 

participants reported speech or hearing impairments.  

2.2. Stimuli 

2.2.1. Perceptual categorization 

Bit-beat [bɪt-bit] and bet-bat [bɛt-bæ t] continua were 

created from natural tokens produced by a 

phonetically trained male native English speaker in a 

sound-attenuated booth. To resynthesize the tokens, 

we first used Tandem-Straight [9] to manipulate 

spectral F1/F2 values of the vowels and created a 

seven-step continuum from /bɪt/ to /bit/ and from /bɛt/ 

to /bæ t/. Next, the PSOLA technique was 

implemented in Praat [3] on each spectral step to 

manipulate the vowel durations in seven equal steps 

(40 ms/step) from 100 ms to 340 ms. In total, 49 

stimuli (7 spectral steps x 7 duration steps) were 

created for each of the high and mid vowel pairs for 

the vowel categorization task (Fig.1, left panel). 

2.2.2. Phonetic imitation 

We included a subset of stimuli for the vowel 

categorization (steps 1, 4 and 7 at 140ms, 220ms and 

300ms) along with additional perceptually salient 

tokens (steps 1, 4, 6 at 60ms and 380ms). In total, 15 

stimuli (3 spectral steps [steps 1, 4, 7] x 5 duration 

steps [60ms, 140ms, 220ms, 300ms, 380ms]) were 

created for each of the high and mid vowel pairs for 

the phonetic imitation task (Fig.1, right panel). 

2.3. Procedure 

The participants completed the two-alternative forced 

choice perceptual vowel identification task before the 

phonetic imitation task. For the perception task, they 

were asked to categorize the stimuli they heard as 

bit/beat or bet/bat upon hearing stimuli randomly 

sampled from the bit-beat and bet-bat continua via E-

Prime [15] (49 tokens x 5 repetition = 245 trials). For 

the imitation task, they were asked to imitate the 

stimuli presented to them twice in each trial. To 

establish the degree of imitation for each participant, 

baseline productions of the target words bit/beat and 

bet/bat were collected prior to the experiment for high 

and mid vowel groups, respectively (6 tokens from 

the 8 repetitions for each word). 

 

 
Figure 1: The stimuli for the perceptual categorization 

(left) and the phonetic imitation (right) task 

3. RESULTS 

3.1. Perceptual categorization 

Participants’ responses of bit/bet (lax vowels) were 

coded as 0 and beat/bat (tense vowels) as 1, as shown 

in Fig. 2. A number closer to 1 thus indicates a higher 

proportion of beat/bat responses. To examine the 

participants’ responses as a function of spectral and 

durational steps at the group level, the data were 

submitted to two mixed-effect logistic regression 

models, one for high vowels and the other for mid 

vowels, using the glmer function in the lme4 package 

in R [14]. The results showed that L1-Mandarin 

speakers’ perceptual categorization of high vowels 

was significantly predicted by both spectral (β = 1.85, 

p <.01) and durational steps (β = 1.48, p <.001), with 

sharper discontinuities along the durational 

continuum; in contrast, mid vowel categorization was 

only significantly predicted by spectral steps (β = 

2.46, p <.001; durational steps: β = -0.16, p =.47).  

 

 
Figure 2: Proportion (dashed black lines) and estimation 

(solid blue lines) of the participants’ beat responses 

(upper panel, high vowel) and bat responses (lower panel, 

mid vowel) along the spectral (left panel, step 1 = bit/bet; 

step 7 = beat/bat) and duration continua (right panel) 

Next, we extracted by-participant spectral and 

durational coefficients from the omnibus model to 

11. Phonetics of Second and Foreign Language Acquisition ID: 353

2513




