A Multi-faceted Statistical Analysis for Logit-based Pronunciation Assessment
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Abstract

The Goodness of Pronunciation (GOP) score for
pronunciation quality assessment is a key
technology in computer-assisted language
learning. Recent studies have shown that
computing GOP scores directly from the acoustic
model’s raw output logits outperforms traditional
softmax-probability-based methods, because
logits avoid probability saturation issues and
retain richer discriminative information. However,
existing logit-based methods mostly rely on basic
statistics such as maxima, means, or variances,
which neglect the more complex dynamic
distributions and temporal characteristics of logit
sequences over phoneme durations. To more
comprehensively capture pronunciation details
embedded in logit sequences, this study proposes
a multi-faceted statistical analysis method. We
explore five higher-order statistical indicators that
describe different characteristics of logit
sequences: (1) moment-generating functions to
compute distribution skewness and kurtosis; (2)
information theory, using entropy to quantify
model uncertainty; (3) Gaussian mixture models
(GMMs) to fit multimodal distributions of logits;
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4) time-series analysis, computing
autocorrelation coefficients to measure logit
stability; and (5) extreme value theory, using top-
k averaging to obtain more robust peak-
confidence estimates. We conduct experiments on
the public L2 English speech corpus
SpeechOcean762, comparing these newly
proposed statistical indicators with baseline
methods from the literature (GOP_MaxLogit,
GOP_margin). Preliminary results show that
some higher-order statistical indicators—
particularly those that describe logit-sequence
stability and distribution shape—achieve higher
accuracy on pronunciation-error  detection
classification tasks and exhibit stronger
correlation with human expert ratings. This study
demonstrates that deeper statistical modeling of
logit sequences is an effective approach to
improving the performance of automated
pronunciation assessment systems.
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kurtosis 0.661284 0.160985 0.422185 0.233090 0.081851
skewness 0.700848 0.163859 0.354305 0.224084 0.076690
gmm_weights 0 0.796730 0.186625 0.198675 0.192462 0.076373
gmm_vars 0 0.589221 0.145617 0.486755 0.224171 0.060064
gmm_vars_|1 0.648365 0.146584 0.390728 0.213189 0.052300
autocorr_lagl 0.699435 0.149644 0.312914 0.202464 0.049562
logit variance 0.183690 0.125924 0.958609 0.222607 0.043964
mean_logit margin 0.129996 0.122761 0.998344 0.218637 0.027728
gmm_means 0 0.124142 0.122193 1.000000 0.217775 0.017578
gmm_weights 1 0.855268 0.144654 0.038079 0.060288 0.012652
evt k3 0.124748 0.122114 0.998344 0.217611 0.010338
prosetrior_probability 0.144933 0.122453 0.975166 0.217584 0.009389
entropy_mean 0.122124 0.121946 1.000000 0.217383 0.005295
gmm_means_| 0.123738 0.121991 0.998344 0.217415 0.004471
max_logit 0.147961 0.122048 0.966887 0.216738 0.002055
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BT R 2 D IRAEELEE (ML MCC 2 EHEF)

Method Accuracy Precision Recall F1-Score MCC
mean_logit margin 0.793070 0.176943 0.300600 0.222761 0.117813
kurtosis 0.854972 0.206271 0.165085 0.183394 0.105670
skewness 0.851258 0.201360 0.171195 0.185056 0.104221
gmm_weights 0 0.874960 0.232898 0.116639 0.155434 0.102638
prosetrior_probability 0.516339 0.127815 0.670158 0.214684 0.101243
entropy_mean 0.847082 0.194424 0.175014 0.184209 0.100268
gmm_means_| 0.651917 0.127739 0.433824 0.197364 0.069247
gmm_means_0 0.360902 0.110918 0.780906 0.194246 0.062045
max_logit 0.587120 0.120325 0.504746 0.194325 0.061078
evt k3 0.782597 0.134983 0.222586 0.168053 0.053708
autocorr lagl 0.878608 0.171588 0.060229 0.089162 0.046327
gmm_vars_1 0.857275 0.128065 0.076923 0.096115 0.024759
gmm_vars 0 0.132306 0.099640 0.970104 0.180719 0.016395
gmm_weights 1 0.885648 0.104607 0.021058 0.035059 0.002845
logit variance 0.105967 0.098287 0.986361 0.178760 -0.012059
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