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In today's environment of rapid globalization, people have increasing opportunities
for speaking in foreign languages, and the ability to communicate in foreign language is more
important than ever. Various applications (dialogue-based computer assisted language
learning (CALL) systems, car navigation system, hotel reservation systems, mobile platforms,
etc.) are incorporating spoken language interfaces for non-native speakers to provide more
convenient life. The key role for these kinds of interfaces is non-native automatic speech
recognition (ASR) or second language (L2) speech recognition.

Non-native speakers usually have a limited vocabulary and a less than complete
knowledge of the grammatical structures of the target language. This limited vocabulary
forces speakers to express themselves in basic words, making their speech sound unnatural
to native speakers. In addition, non-native speech includes less fluent pronunciation and
mispronunciation even in case in which it is well composed. Therefore, non-native speakers
represent a significant challenge for state-of-the-art ASR.

Two major problems need to be addressed for non-native ASR: (1) For given speech
with limited vocabulary and less knowledge of grammatical structures, how can a speech
recognizer take advantage of these characteristics by the speakers? (2) For given speech with
different pronunciation variations, how can a system recognize speakers correctly? In order
to tackle above problems, I propose to derive the customized phoneme set different from the
canonical one for recognition of non-native speech, particularly when the mother tongue of
users is known. Then based on the efficiency of derived phoneme set for the non-native
speakers with different proficiency levels, we build a proficiency-dependent phoneme set to
capture their different pronunciation variations.

The dissertation focuses on several important aspects for above two problems: the
phonological knowledge between mother tongue (L1) and target language (TL), acoustic and
linguistic features of speech, proficiency of non-native speakers. The first part of the
dissertation proposes the statistical method using integrated acoustic and linguistic features
on the phonetic decision tree (PDT) to derive the phoneme set for L2 speech recognition. As
the results of the first part of the dissertation, the effect of the derived phoneme set is
different depending on the speakers' proficiency in L2. To further improve the second
language ASR, the second part of the dissertation investigates the relation between
proficiency of speakers and a derived phoneme set customized for them. The investigated
results are then used as the basis of a novel speech recognition method using a lexicon in
which the pronunciation of each lexical item is represented by multiple phoneme sets for
each L2 speaker with various proficiency levels.

The dissertation verifies the efficacy of the proposed methods using second language



speech collected with a translation game type dialogue-based English CALL system. In
conclusion, the dissertation shows that the feasibility of building a speech recognizer with the
proposed methods is able to alleviates the problem caused by confused mispronunciation by
L2 speaker. As a result, the ASR system can achieve the higher recognition accuracy with the
derived phoneme set than that with the canonical phoneme set which is used in the
traditional English speech recognition system.



