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Abstract

In recent years, with the development of artificial intelligence technology, computer-assisted
language learning has become an important research direction in the field of education, and the current
mainstream pronunciation assessment model can effectively identify mispronounced phonemes by
converting speech into a sequence of phonemes and then comparing it with the target phonemes, thus
significantly improving the accuracy of pronunciation assessment. However, the pronunciation habits and
skills of younger students are still immature, and there are a large number of phoneme substitution,
insertion, and omission errors in pronunciation, resulting in the existing pronunciation assessment models
still facing many challenges in terms of pronunciation irregularities and rapid feedback. Therefore, how
to optimise the existing pronunciation assessment models to achieve efficient, accurate and real-time
assessment has become a key issue in the current research in this field. This thesis focuses on the field of
Mandarin pronunciation evaluation, and the main work is as follows:

(1) Research on end-to-end Mandarin phoneme recognition. Aiming at the complexity of Mandarin
pronunciation and the requirement of real-time phoneme recognition, and considering that the model
needs to be deployed on devices with limited resources, this thesis proposes an end-to-end Mandarin
phoneme recognition model based on an improved Zipformer-RNN-T(Pruned) architecture. The model
adopts Zipformer as the encoder, and by reducing the number of encoder layers and designing a
three-layer Zipformer Block structure, the number of model parameters is reduced while still maintaining
a high recognition accuracy. Aiming at the neuron inactivation problem that may occur in stateless
prediction networks, this thesis introduces the GELU activation function to enhance the nonlinear
expression ability of the model. In addition, this thesis proposes a hybrid loss function optimisation
strategy to further enhance the model performance by weighted fusion of Pruned RNN-T loss function
and CTC loss function. The experimental results show that the improved model proposed in this thesis
performs well on the AISHELLI-PHONEME dataset, with a word error rate of 1.92% in the
development set, a word error rate of 2.12% in the test set, a real-time factor of only 0.002, and a
parameter count control of 61.1M, which are all better than the existing mainstream models.

(2) Mandarin Pronunciation Assessment Based on Transfer Learning. To address the challenge of
data scarcity in Mandarin pronunciation assessment for young students, this study constructs a
pronunciation assessment model specifically designed for early primary school students. A Mandarin

pronunciation assessment dataset was collected and processed based on students' oral readings of
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Chinese textbooks, and data augmentation techniques were applied to enhance sample diversity. By
adopting transfer learning, the student speech dataset was integrated into a pre-trained Zipformer-RNN-T
(Pruned) phoneme recognition model to develop a phoneme recognition model tailored for early primary
school students. Furthermore, this study proposes a P-NW phoneme sequence alignment algorithm based
on phoneme confusion patterns, which is incorporated into the phoneme recognition model to construct
the pronunciation assessment framework. Experimental results demonstrate that transfer learning reduces
the phoneme recognition WER by 26.34%, confirming its effectiveness. Meanwhile, P-NW outperforms
NW in multiple evaluation metrics, further improving pronunciation assessment accuracy.

(3) Mandarin Pronunciation Assessment System for Lower Elementary School. Aiming at the lack
of scientific, real-time and personalised support in Mandarin pronunciation assessment in the lower
primary school, this thesis designs and implements a Mandarin pronunciation assessment system based
on the teacher's end and the student's end. The teacher's end supports the function of publishing and
managing reading assignments, and tracks the students' learning progress through the statistical function
to provide a basis for teaching adjustment. On the student's side, the system helps students to correct
pronunciation problems through voice evaluation and feedback, and provides a collection function for
easy-to-write words and phrases to help students consolidate difficult pronunciation points. The system
can meet the needs of Mandarin teaching and improve the teaching efficiency of teachers and the
pronunciation level of students.

Key words: Pronunciation Assessment; Speech Recognition; Attention Mechanism; Deep Learning
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B G PR IE I S5iE R L], FERIEE TS i Conformer.
(6) 3T Zipformer [15 & 1K 51

Zipformer 1E A#T A S 20880, Yao £ NBU@E T U-Net 47 Z%it3 5 ScaledAdam 1L
#%, £ LibriSpeech F%% Conformer 21 2 £ (][RI WER &A% 5%AHX{E . Cui &8 AP
flG SSL B HURFIE, 7F GigaSpeech 114558l 11.14% WER. Yang %6 A3 H k2SSL
MESE, K Zipformer /E24 SSL T %%, 7 Libri-Light F WER AHX} [#4IK 34.8%. Wang
S NP9 I ZipEnhancer 5284, 3@ I XU A% PR A AE TE & 1 98 AF 55 PESQ 14 3.69.

i LA, BE RS T NET HMM B M4, %] CTC. RNN-T.
Transformer. Conformer Al Zipformer ¥y 2 5 HE 2L FIVH AR . H BT, Gt 215 15 5 U1 ) 7 VA8
FRRAE & P A SR HIN A, SEIRAD AR T DA & TR U R E RS RS, &
28 N 2 HTIE 9T EE R

1.2.3 ZZTENEBER IR

B A BRAGEERE A I AN 5 % o) Fa R BU3G, vF BN B R PRI R ©oAE
B AL R AT ) B B T T R o AR G VI 7 T AR RN TAR4Y, SRR H 5,
AT N TR B0 H VPl BRI i EAR S 2R S R S 2 A L R &R, B35 1Rt
TIPSR R AT e . TRk, BEEIREEF I EARPIRRE, RS VFIIAR A T
BT R MR M gevt ik, Tk Ak T a2 v AR, PRI PE R U R R

(1) 2T GOP Bk & PFE A

Sudhakara 55 A PS4 H £ DNN-HMM HE 42 o1 5] A\ Be B 7R AT RAR Y 5 7% 18 28 1) ik
GOP &%, 1t Kaldi T EGF LIS, MVFI 805 % K55 BIA ST 14.89% .
Cheng %5 NSOy 78 ASR-free VF2r ik, I & 155 1455 /0 A LR A5 R 58 4 1) 7L,
5 GOP 454 Ja RURME T 5. GOP JEZE#5 A, Chao HIPASHEH 3M #iRY, &3 AL
B E M B A gAY, #E Speechocean762 HidE £ b 5 2 R THAL 1 FE AN R S 48 A5
Duan %5 \BSUE L 515 58 % I M@ AERHE B R R B, 75 H B RHE # 1 9815 VP
Hh [ I RO AE R 22 R0 GOP A I 80R

(2) FETIRFEIE W25 1) k& PP ASE 7Y
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