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Non-native Pronunciation Assessment Based on

Pronunciation Structure and Multilayer Regression
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In the rapid internationalization and informatization, many research efforts
have been made to build Computer-Aided Language Learning (CALL) systems
for language learners. What is requisite for good CALL systems is robust anal-
ysis of pronunciation with regard to acoustic changes caused by non-linguistic
factors such as age and gender. However, the widely used acoustic model, which
is based on HMMs, often shows an unstable performance with speakers of differ-
ent age and gender. Recently, to solve this problem, a new method for modeling
learners’ pronunciations was proposed, called pronunciation structure. In this

method, the non-linguistic features are effectively removed. The pronunciation
structure shows a much more robust performance in mismatched conditions
but its performance was lower than that of HMMs in matched conditions. To
solve this problem, multilayer regression analysis is introduced to the pronun-
ciation structure. The experimental results show a much higher performance
compared to the previously proposed structure-based method, which is compa-
rable to the HMM-based method in matched conditions. Further, by combining
the structure-based method and the HMM-based method, we realize an even
higher and more robust performance.
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Fig.1 Transform-invariant pronunciation structures.
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Fig.2 Structure-based pronunciation assessment.
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Fig.3 Two-layered regression analysis.
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Fig.4 Three-layered regression analysis.
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Fig.5 Three-layered regression analysis with GOP scores.
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Table 1 Acoustic analysis condition for pronunciation structures.
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Table 2 Acoustic analysis condition for GOP scores.
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Fig.6 Averages and standard deviations of correlation coefficients between human and machine.
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Fig.7 Averages of correlation coefficients between human and machine with warped utterances.
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Table 3 Averages over inter-rater correlations.

a:x ES] A o1 € ERe I iz U w 00
0.71 0.68 0.52 0.47 0.16 0.82 0.66 0.68 0.47 0.48 0.45

04 100000000D0ODOO
Table 4 Intra-rater correlations.

ax ES) A o1 € ERe I iz U w 00
0.79 0.85 0.37 0.61 0.33 0.82 0.73 0.84 0.59 0.49 0.63

05 00O000O0000ODO00OD
Table 5 Averages and standard deviations of scores.

ax ES] A o1 € ERe I it U w 00
oo 2.40 2.37 3.00 2.60 3.39 2.24 2.55 3.35 3.04 2.56 2.48
gooo 0.87 0.95 0.70 0.64 0.36 1.13 0.93 0.84 0.58 0.57 0.55
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Table 6 Correlations of the overall pronunciation proficiency.

GorpOOOOOOGOPOOODOODODODO 200 300 300+4LPF
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Fig.8 Correlations of the vowel-based scores between human and machine.
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