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Abstract

Mandarin, as the national common language of China, plays an important role in education, social
interaction, and public services. For ethnic minority students, Mandarin learning is often affected by
mother tongue transfer, differences in language environment, and the uneven distribution of teaching
resources. As a result, common problems include coarse-grained pronunciation assessment, inaccurate
error localization, and limited forms of error feedback. Traditional assessment methods that rely on
teachers’ auditory judgment suffer from strong subjectivity, low efficiency, and delayed feedback,
making it difficult to meet the needs of large-scale, personalized, and low-cost learning. To address these
issues, this thesis is based on speech recognition and speech synthesis technologies, and focuses on the
needs of pronunciation assessment, demonstration feedback, and assisted training for ethnic minority
students in Mandarin learning. The main work is summarized as follows.

(1) To address the difficulty of achieving fine-grained error recognition and localization in
traditional Mandarin pronunciation assessment, a Paraformer-RNN-T end-to-end Mandarin phoneme
recognition model is constructed to obtain stable phoneme-level modeling capability. The model maps
learner speech to phoneme sequences through front-end enhancement, multi-scale feature modeling,
lightweight encoding, and pruned decoding. On this basis, a P-SW phoneme sequence alignment
algorithm incorporating phoneme confusion priors is designed to achieve fine-grained recognition and
structured annotation of pronunciation results. Experimental results show that the proposed model
achieves a phoneme error rate of 4.85%, a real-time factor of 0.026, and 66.4M parameters on the
AISHELL1-PHONEME dataset. After being transferred to the self-built MPAD-EMS dataset and
fine-tuned, the phoneme error rate decreases from 32.03% to 5.73%. The P-SW-based pronunciation
assessment method outperforms comparative methods in precision, recall, and F1 score, with the best
model combination achieving an F1 score of 0.6837.

(2) To address the lack of high-quality standard pronunciation demonstrations in Mandarin learning,
this thesis takes VITS as the baseline framework and constructs an end-to-end Chinese speech synthesis
model based on VITS-BigVGAN. The model is optimized from two aspects, namely text modeling and
generator structure. In the text processing stage, a multi-receptive-field feature modeling strategy and a
positional encoding mechanism are introduced to alleviate the insufficient capability of capturing
multi-scale acoustic features. In the waveform generation stage, the BigVGAN generator is adopted to

improve high-frequency detail restoration and the overall naturalness of listening quality. The improved



model outperforms the baseline model on objective metrics, and the subjective MOS score increases
from 4.24 to 4.36, enabling it to provide clear, stable, and repeatable standard demonstration speech for
Mandarin learning scenarios.

(3) To address the fragmentation among assessment, feedback, and demonstration in Mandarin
pronunciation learning, this thesis designs and implements a Mandarin pronunciation-assisted learning
system for ethnic minority students. The system adopts an architecture combining a Web-based
management terminal and a WeChat Mini Program learning terminal, and implements core functions
including pronunciation practice, automatic assessment, error feedback, and standard pronunciation
demonstration. By integrating the proposed pronunciation assessment model and speech synthesis model,
the system forms a complete closed loop from practice input to automatic assessment, error analysis, and
demonstration feedback. System testing results show that the system runs stably and provides complete
functionality. It can meet the practical needs of ethnic minority students in Mandarin learning, verifying
the engineering feasibility and application value of the proposed research.

Key words: Mandarin Pronunciation Evaluation; Phoneme Recognition; Speech Synthesis
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