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Abstract

Learners of a second language (L2) often
map non-native phonemes to similar native-
language (L1) phonemes, making conventional
L2-focused training slow and effortful. To ad-
dress this, we propose an L1-grounded pro-
nunciation training method based on com-
positional phoneme approximation (CPA), a
feature-based representation technique that ap-
proximates L2 sounds with sequences of L1
phonemes. Evaluations with 20 Korean non-
native English speakers show that CPA-based
training achieves a 76% in-box formant rate in
acoustic analysis, 17.6% relative improvement
in phoneme recognition accuracy, and over
80% of speech being rated as more native-like,
with minimal training. Project page: https://
gsanpark.github.io/CPA-Pronunciation.

1 Introduction

This paper explores how leveraging a learner’s
native-language (L1) phonological system can
guide the acquisition of non-native L2 phonemes.
Learners often substitute such L2 phonemes with
the closest yet non-interchangeable L1 phonemes,
resulting in pronunciation errors (Kartushina and
Frauenfelder, 2014; Shi et al., 2019; Wayland,
2021). This phenomenon undermines the effective-
ness of conventional pronunciation training meth-
ods (Grimaldi et al., 2014), such as audiovisual
mimicry of L2 speech (Espinoza et al., 2021; Gal-
imberti et al., 2023; González and Ferreiro, 2024)
and explicit phonological instruction (Karhila et al.,
2019; Awadh et al., 2024). These approaches focus
solely on the L2 target and overlook the learner’s
L1 background, often resulting in time-intensive
training requirements.

Foundational theories have shown that L1 back-
ground strongly shapes how learners perceive L2
phonemes (Best et al., 1994; Flege, 1995; Flege
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Figure 1: Compositional phoneme approximation rep-
resents L2 phonemes absent in the learner’s L1 as com-
posite sounds derived from multiple L1 phonemes.

et al., 2021). Empirical studies further demon-
strate that when an L2 sound is perceptually as-
similated to an existing L1 category, this percep-
tual confusion is mirrored in production, resulting
in systematic substitutions and a noticeable for-
eign accent (Flege, 1993; Baker and Trofimovich,
2005). Consequently, many pronunciation training
approaches have emphasized making L1–L2 pho-
netic contrasts more salient in order to counteract
these overlaps.

Common approaches include contrasting L1 and
L2 sound pairs to highlight phonological distinc-
tions (Carey et al., 2015; Leppik et al., 2022),
integrating signal processing techniques such as
foreign accent conversion (Felps et al., 2009)
and L1-adaptive automatic speech recognition
(ASR) (Arora et al., 2018; Khaustova et al., 2023),
and leveraging L1-specific error corpora (Husby
et al., 2011) to provide personalized computer-
assisted pronunciation training (CAPT). However,
these approaches primarily focus on drawing atten-
tion to the differences between L1 and L2 sounds,
rather than leveraging the learner’s existing L1 ar-
ticulatory knowledge as a resource to support the
acquisition of unfamiliar L2 phonemes.

To this end, we propose an L1-grounded pro-
nunciation training method that leverages compo-
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Figure 2: (a) An L2 vowel is approximated by combining two L1 vowels whose features jointly mirror the
phonological identity of the target vowel. (b) An L2 consonant is approximated by inserting one or two L1 segments,
forming allophones that more closely match the phonological features of the target consonant.

sitional phoneme approximation (CPA), a repre-
sentation technique that approximates non-native
L2 phonemes using sequences of L1 phonemes as
in Figure 1. Building on articulatory proximity and
theoretical linguistics, CPA is formulated over a
phonological feature space. We apply CPA in a sin-
gle 10-minute pronunciation training session with
20 Korean learners of English. Computational and
quantitative evaluations across acoustic, phoneme,
and word levels demonstrate measurable improve-
ments with minimal instruction.

2 Method

To formulate CPA, we represent phonemes as
22-dimensional feature vectors (Mortensen et al.,
2016)1. To approximate the feature vector of the
target phoneme, we then define a rule for com-
posing these vectors in the feature space. We also
show how the combination is phonetically realized
(Fig. 2). We apply CPA only where it adds value.
It is skipped (i) when the target segment is already
present in L1 with the same feature vector as no
approximation is needed and (ii) when an identical
match cannot be constructed in the feature space;
a forced composite would add little guidance, and
the large acoustic gap itself helps learners notice
and acquire the new sound (Flege, 1995).

2.1 Vowel Approximation

The composition of vowels follows the princi-
ple of monophthongization, a phonological pro-
cess that reduces two vowel sounds to a single

1We add [front] as part of the backness dimension.

Feature Target V1 V2 CPA

French /y/ ∼ Spanish /i/+/u/
IPA /y/ /i/ /u/ /i/+/u/
front – – + –
back – – + –
high + + + +
low – – – –
round + – + +

English /6/ ∼ Mongolian /O/+/a/
IPA /6/ /O/ /a/ /O/+/a/
front – – + –
back + + + +
high – – – –
low + – + +
round + + – +

Table 1: CPA-based vowel approximation. Each block
shows how L2 vowels are approximated using a combi-
nation of two L1 vowels, with feature-wise comparisons.

vowel (Philippa et al., 2017; Elramli, 2018; Alah-
dal, 2019). Formally, it is defined as the following
operation in the feature vector space: we take back-
ness ([front], [back]) from the first vowel, height
([high], [low]) from the second, and assign round-
ing ([round]) if either source vowel is rounded, as
illustrated in Table 1. This composition covers three
of the four dimensions of vowel identity, excluding
tenseness due to its lack of consistent articulatory
grounding (Raphael and Bell-Berti, 1975). Among
candidate pairs with an exact match to the L2 target,
we select those whose individual vowels exhibit
fewer unmatched features.

2.2 Consonant Approximation

Consonant approximation in CPA draws on pat-
terns of allophonic variation, in which consonant re-
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