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Some languages have a larger number of vowel phonemes than others; for example, English 
has a denser vowel system than Japanese (Nishi et al., 2008). Traditionally, American English 
is analysed as having ten monophthongs, whereas Japanese has only five. This difference in 
vowel inventory size leads L2 learners to conflate certain vowel contrasts. For instance, 
Japanese learners of English often have difficulty distinguishing /æ/ and /ʌ/, and tend to realize 
both vowels as a single category similar to the Japanese vowel /a/ (Hashimoto et al., 2025a). 

The relationship between L2 production and perception, as well as that between L2 imitation 
and perception, remains an open question (Jia et al. 2006; Llompart & Reinisch 2019). The aim 
of this study is to examine the relationship between vowel perception and production, with a 
particular focus on vowel conflation, as well as the relationship between imitation and 
perception. Specifically, the study asks whether L2 learners who conflate an English vowel 
contrast in perception also exhibit vowel conflation in their production and imitation. 

To address this question, we conducted an experiment consisting of production, perception, 
and imitation tasks. Thirty-nine Japanese learners of English participated. First, participants 
read aloud twenty words containing /æ/, twenty words containing /ʌ/, and additional forty 
English words. The recordings from this session served as baseline production data. 
Participants then completed a set of perceptual tasks. For the perception tasks, we created 
acoustically manipulated vowel stimuli whose formant values ranged from bat /bæt/ to but /bʌt/ 
in five steps. Participants listened to each stimulus and indicated which word they perceived. 
Those who consistently identified stimuli as either /æ/ or /ʌ/ were considered phonologically 
aware of the vowel contrast. Following this task, participants completed an AX discrimination 
task in which they listened to pairs of stimuli drawn from the manipulated continuum and 
judged whether the two sounds were the same or different. Sensitivity (d′) scores were 
calculated for each participant. After completing the perceptual tasks, participants were 
explicitly instructed to imitate model speech stimuli produced by an American English speaker. 
The words used in the imitation task were identical to those used in the baseline production 
session. Orthographic information was not provided, as spelling is known to influence phonetic 
imitation (Hashimoto et al., 2025b). At the end of the experiment, participants listened to the 
auditory stimuli again and identified the words they heard. Tokens that were not correctly 
identified were excluded from the statistical analysis. The recordings from the baseline and 
shadowing sessions were manually annotated using Praat (Boersma & Weenink, 2020), and 
formant values were extracted using a Praat script. 

Linear mixed-effects regression analyses were conducted on baseline and shadowed 
utterances. The results showed that participants who were aware of the vowel contrast produced 
/æ/ and /ʌ/ more distinctly than those who were unaware of the contrast (see Fig. 1). In contrast, 
no significant difference was observed between the two groups with respect to L2 phonetic 
imitation (see Fig. 2). The statistical models further indicated that sensitivity (d′) scores 
significantly predicted imitation performance but were not associated with baseline production. 
  In sum, perceptual phonological awareness was closely associated with baseline production. 
This finding can be interpreted to mean that L2 perception and production are based on a shared 
phonological representation to some extent. By contrast, sensitivity (d′) scores were closely 
associated with imitation, indicating that L2 imitation is closely linked with phonetic acuteness. 
This suggests that phonological representations may not be necessarily involved in L2 imitation. 
L2 imitation may reflect lower-level processing than baseline production.  



 
Fig. 1. Baseline production compared with model stimuli. Red indicates the STRUT vowel /ʌ/, 
and green indicates the TRAP vowel /æ/. Circles represent the mean values for participants 
who were aware of the vowel contrast, triangles represent the mean values for participants who 
were unaware of the vowel contrast, and diamonds represent the mean values of the model 
stimuli. 

 

Fig. 2. Imitated production compared with model stimuli. Colours and shapes are identical to 
those in Fig1. 
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