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要旨（英文 800 語程度） 
Thesis Summary （approx.800 English Words ） 

The growing demand for learning a second language (L2) in today’s globalized and socially integrated 

world has brought significant attention to computer-aided language learning (CALL) systems. Compared 

to traditional one-on-one communicative approaches between teachers and students in classroom, CALL 

systems offer greater flexibility while saving resources such as teaching staff, administrative personnel, 

and classroom space. A vital component of these systems is computer-aided pronunciation training 

(CAPT), which functions as a virtual instructor. CAPT processes and analyzes learners’ speech, assesses 

pronunciation quality, and provides targeted feedback for improvement, commonly referred to as 

pronunciation assessment and mispronunciation verification. 

Effective CAPT systems should not only detect pronunciation errors in learners’ non-native utterances but 

also diagnose the type and location of these errors. Furthermore, they should provide actionable feedback 

to help learners correct their mispronunciations. For example, if a student pronounces the vowel ``u" 

incorrectly, spreading their lips instead of rounding them, the system should not only identify this error 

but also offer guidance, such as: ``Try not to spread your lips when pronouncing the rounded sound /u/." 

Research shows that incorporating information about the place and manner of articulation in feedback 

gives learners a clear understanding of how to adjust their articulators for correct pronunciation. This 

approach mirrors the instructional quality of a professional language teacher. 

Mispronunciation verification is central to the CAPT system, with most current systems leveraging state-

of-the-art speech technologies to establish acoustic models for this task. While developing acoustic models 

using non-native speech data is conceptually straightforward, the practical challenge lies in the scarcity of 

large, annotated datasets. Collecting and labeling non-native speech requires significant time and manual 

effort, creating a data sparsity issue that hampers the performance of supervised learning approaches for 

mispronunciation verification. 

To address this challenge, two main research directions have been explored. The first focuses on techniques 

to maximize the utility of limited non-native speech data, while the second relies on transfer learning. 



Transfer learning typically involves pre-training a model on a large dataset for a general task, such as 

speech recognition, and then fine-tuning it for non-native tasks. However, these methods still depend 

heavily on annotated data, perpetuating the limitations of supervised learning. 

Our work begins to introduce a novel self-supervised framework called language-adversarial 

representation learning to overcome these limitations. This framework leverages native speech data from 

both the learner’s first language and the target language for non-native acoustic modeling in 

mispronunciation verification. First, we design a self-supervised model that learns from target-language 

speech by predicting future observations within the speech signal. Then, using native-language data, we 

apply language-adversarial training to align feature distributions between the two languages by training 

the model to ``confuse" a language discriminator. 

To enhance verification accuracy and improve feedback quality, we integrate a sinc filter into the self-

supervised learning framework. This filter captures formant-like features related to the place and manner 

of articulation, offering phonetic insights crucial for generating more instructive feedback. 

Additionally, we propose methods to enrich the representations learned through self-supervised training 

for non-native acoustic modeling, including: 1) Multi-target contrastive coding: This approach contrasts 

phonetic discrepancies both within and across languages and speakers, enabling the model to learn 

nuanced phonetic representations. 2) Reconstruction regularization: By recovering the original speech 

from shared components, this method encourages the model to learn more abstract, transferable features. 

Experimental results demonstrate that our approach produces meaningful and transferable representations 

for non-native acoustic modeling, achieving state-of-the-art performance in non-native phone recognition 

and mispronunciation verification—all without requiring human supervision. 
備考 : 論文要旨は、和文 2000 字と英文 300 語を 1 部ずつ提出するか、もしくは英文 800 語を 1 部提出してください。 

Note : Thesis Summary should be submitted in either a copy of  2000 Japanese Characters and 300 Words (Engｌish) or 1copy of 800 

Words (English). 

 

注意：論文要旨は、東京科学大学リサーチリポジトリ（T2R2）にてインターネット公表されますので、公表可能な範囲の内容で作成してくだ

さい。 

Attention: Thesis Summary will be published on Science Tokyo Research Repository  Website (T2R2).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 


