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Machine learning techniques have been increasingly utilized over the past decade to predict
second language (L2) speech perception patterns. This is based on the either direct or indirect
assumptions of several speech models (e.g., Speech Learning Model/SLMTr; Flege, 1995,
Flege & Bohn, 2021; Perceptual Assimilation Model/PAM-L2, Best, 1995; Best & Tyler,
2007; Second Language Linguistic Perception model; Escudero, 2009; Universal Perceptual
Model, Georgiou, 2021) that acoustic/articulatory-phonetic similarity between first language
(L1) and L2 sounds can predict the perception of L2 sounds. However, predictions have
largely depended on the use of discriminant analysis approaches (e.g., Escudero et al., 2012;
Georgiou, 2022). To date, no studies have compared the classification accuracy of different
algorithms. This study aims to assess the ability of three machine learning algorithms,
namely, linear discriminant analysis (LDA), decision tree (C5.0), and artificial neural network
(NNET) to predict the classification of L2 sounds in terms of L1 categories. The models were
trained using the first three formants and duration of the L1 Cypriot Greek vowels /i e a o u/
and fed with the same acoustic features of the L2 Standard Southern British English
(henceforth English) vowels /11: € 3: & a: A p 0: u: v/. The trained data were produced by 22
(nfemales =11) adult Cypriot Greek speakers. The vowels were embedded in a /pVs/ context
and were part of the carrier phrase ‘Léne <target word> tora’. The testing data included the
same acoustic parameters for English vowels and were produced by 20 (nfemales = 10) adult
English speakers. The vowels were included in an /hVd/ context and as part of the carrier
phrase “They say <word> now”. The output was normalized using the Lobanov method. To
validate the algorithms’ accuracy, adult Cypriot Greek speakers of L2 English completed a
perceptual classification task. The participants were 20 Cypriot Greek speakers (nfemales =
10) with an age range of 19-43 (Mage = 31.9, SD = 6.93). They were born, raised, and
permanently resided in Cyprus at the time of the study and had never lived in an English-
speaking country for a long time. The results indicated that NNET predicted with success the
classification of all L2 vowels with the highest probability in terms of L1 categories, while
LDA and C5.0 missed only one vowel. NNET was also the most accurate in predicting the
full range of above chance responses followed by LDA and C5.0. Overall, NNET
demonstrated the best discrimination accuracy slightly followed by LDA, while C5.0 did not
meet expectations. The models’ plots are illustrated in Figures 1-3. The findings can have
significant implications for updating the current speech acquisition theories by better
understanding the role of acoustic cues in L2 speech perception and for better modelling of
listeners’ L2 sound discrimination difficulties using a classifier that offers optimal
predictions.
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Figure 1: Linear Discriminant Analysis scatter plot for vowel classification.
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Figure 2: Decision tree for the C5.0 algorithm.
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Figure 3: NNET architecture plot for the trained vowels.
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