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Chapter 1 Introduction

With the advent of globalization, in particular, the past decade has seen an influx of non-native
speakers entering Japan for education, job, and shopping purposes. The ability to understand and
communicate in other languages is increasingly important in our society. As a consequence,
languages contribute more and more to personal fulfillment, mutual commercial success and
international trade/communication. In order to master a foreign language, learners commonly need
to acquire the skills from the following 4 exercises' Reading, Listening, Writing and Speaking.

It is best if a foreign language learner can be taught on a one-to-one basis. Active production of
speech In such environment prepares learners to participate effectively in “real conversation' later
on. Unfortunately, a one-to-one basis learning is actually difficult for most learners, due to economic,
time and place reasons. In reality, most learners attend classes in which they have to share their
teacher with other learners. This reduces the amount of time each learner spends in speaking the
foreign language. Conventional self-study methods that are commonly used include text materials,
tape recorders, VCR language learning material, and composition textbook. However, the
disadvantages are that the learner is not forced to say anything, and that the learner receives no
corrective feedback.

In order to compensate for learner-teacher methods' and self-study methods' weak area, various
intelligent and sophisticated diagnostic CALL systems have been proposed and developed so far.
While the conventional systems are important step in the right direction, other more complex and
ambitious CALL systems are conceivable and no doubt desirable. If 1 focus only on the speaking
part: pronunciation and conversation exercise, there are still lots of problems. In pronunciation
practices, the conventional methods cannot return the intelligibility score and instruction together.
The disadvantage of the rule based methods is that the calculation of the intelligibility score is not
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given and disadvantage of the model based methods is that the instruction is not given. Iy
conversation exercise, most systems do not allow learners to produce various utterances actively ag
often as they do in learner-teacher interactive method. Most systems also cannot detect
grammatical, lexical errors et al, if there are grammar and lexical errors in a learner's utterance,
The other is that the path of the dialogue should be changed according to the learners' response

utterances similar to the learner-teacher I_nethod.
Chapter 2 Pronunciation evaluation method

In this chapter, I mainly discussed about pronunciation evaluation methods. I have briefly
pointed out the disadvantages of 3 kinds of conventional pronunciation methods: Human perception
methods, Model based methods and Rule based methods. While Human perception method returns
proper feedback that includes the intelligibility and instruction, the disadvantage of this method is
that it requires additional human perception if new minimal pairs are added. The greatest
disadvantage of Model based methods is that it is difficult in returning proper instruction, because
these methods are only concerned with how much the learner’s pronunciation is similar to native's
correct pronunciation. The disadvantage of Rule based methods is that it does not give the learner
an intelligibility score that shows the percentage of native speakers who would understand the
learner's pronunciation of each phone. '

To overcome the disadvantage of the conventional methods, I proposed the evaluation method
for Japanese pronunciations. The feature of the proposed method evaluates intelligibility scores and
returns proper feedback together. To use expert knowledge about systematic pronunciation error
made by Korean native speakers in Japanese, Japanese pronunciation problems were
gquantitatively analyzed using about 2800 utterances of 28 adult Koreans by 7 Japanese native
speakers. Furthermore, pronunciation problems depending on the ability to pronounce Japanese
were also analyzed. With our evaluation methods, a learner's pronunciation is evaluated according
to its similarity to the native speaker speech for each phone. The correlation coefficient between the
intelligibility scores and human scores is 0.72. It is verified at a significance level of 0.05. This
method can also return proper instruction, because this method is based on the rule basis methods
extended to the model basis methods.

I also incorporated an on-line speaker adaptation into the evaluation method to improve the
evaluation accuracy. Comparison of evaluation results of Koreans' speech with human-evaluated
scores and results of statistical analysis verified that the results of the evaluation were similar to

those of native speakers.
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Chapter 3 Grammar error detection method

In this chapter, I mainly discussed about grammar error detection methods. In order to deploy
ASR technology in our purposed voice-interactive CALL system, understanding of both the
limitation of ASR technology and the limitation of learners is essential. Therefore, I defined the
tasks for the limitation of ASR technology and pre-exercises such as basic vocabulary, grammar and
conversation flow for the limitation of basic knowledge of foreign language learners. In defined
tasks and pre-exercises, I investigated the ’oehdency of grammatical and lexical errors. I also
checked the influence of grammatical and lexical errors with/without pre-exercise. It is no doubt
that pre-exercises can help learners to acquire basic knowledge for 'real conversation' with system,
but the grammatical and lexical errors are decreased only from 0.223 / each sentences to 0.177.
They tried to change the vocabulary and grammar, which are acquired during pre-exercise, with
their limited knowledge of the vocabulary and grammar which are acquired in past. Error tendency
are related to the pérticle, verb conjugation and lexicon. I classified the detected
grammatical/lexical errors in the transcription and made grammar error rules.

In order to detect learners' grammatical and lexical errors, I proposed several methods and
examine the recognition rate and error detecting rate. The feature of the proposed method 1 is that
the original correct grammar which does not include any grammatical errors is used. The
disadvantage of the manual method is that it is difficult to extend grammatical errors. To overcome
this disadvantage, the concept of this method uses correct system grammar (which does not include
grammatical and lexical errors) to recognize a learner's utterance and N-best recognition results
are extended by grammar error rule to generate the predicted utterances and a learner's utterance
is searched. The feature of the proposed method 2 is that general grammar which does not consider
the relationship between verb, particle and each noun is used. To overcome the disadvantage of the
manual method, this method uses a general grammar (which does not consider the relationship
between verb, particle and each noun) to recognize a learner's utterances, whereby the N-best
recognition results are calculated and the utterances of the learner are searched.

Comparing to the manual method (the best recognition rate / error detecting rate, but system
grammar was constructed by hands), error detecting rate of the proposed method 2 is the same and
the recognition rate is similar (It decreased about 2.7¥%, but the recognition improvement of the -
manual method was not significant at the significance level 0.05. Therefore, it can conclude that the
recognition rates of both methods are the same). Considering of disadvantage of the manual method,

I confirmed that the proposed method 2 is effective.
Chapter 4 Voice-interactive CALL system

In this chapter, I mainly discussed about a voice-interactive CALL system. To realize such a
system, I also discussed about system design. It is quite difficult for learners to try to produce
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spontaneously what they want to say well with limited vocabulary and phrases. I introduced 5
pre-exercise to help learner to prepare ‘interactive conversation exercise’. First, a learner doeg
exercises on basic exercise (vocabulary, grammar and typical conversation) and acquires basic
knowledge of a defined task. Then, they do applied exercise (pronunciation, grammar ang
conversation exercise), '
To investigate the influence of a pre-exercise, I examined the number of interjection and
out-of-grammar error from interview data. With the pre-exercise, the number of interjection per
sentence decreased by about 0.122 per sentence from 0.787 to 0.645. Under the ‘without
pre-exercise’ condition, 14% of total sentences include out-of-grammar errors, but 5.4% of the errors
are committed under the condition ‘with pre-exercise’. It is no doubt that pre-exercise can help a
learner to produce their own sentences naturally.
I also integrated the proposed pronunciation evaluation method in chapter 2 and grammar
detection method in chapter 3 and developed a new concept of dialogue-based CALL system.
I also surveyed user trial for 6 Korean and administered a questionnaire. According to the results of
questionnaire, most of learners answered that pronunciation evaluation and grammar error
detection are very significant, useful and essential. However, the reason of grammar error and
various examples of correct sentences are necessary in the techmical point. They also pointed out

that various grammar expression and dialogues are necessary in the contented point.

Chapter 5 Conclusion

The long-term goal of our research is to develop a voice-interactive CALL system. I developed
the new concept of an interactive CALL system. Using such a system, a learner can practice
pronunciation exercise, grammar exercise, composition exercise and conversation exercise.

In this thesis, I discussed about the pronunciation evaluation method in chapter 2, grammar
detection methods in chapter 3 and voice-interactive CALL system in chapter 4. I developed a new
concept of dialogue-based CALL system and surveyed user trial. According to the results of
questionnaire, pronunciation evaluation and grammar error detection are very significant and
useful. .

However, there still remain other subjects that need to be improved on. Even though I implemented
a voice-interactive CALL system and surveyed user trial, I need long-term user trial quantitatively

and survey the effectiveness of the system as a future work.
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