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Abstract: In language learning, adults seem to be superior in their ability to memorize knowledge of
new languages and have better learning strategies, experiences, and intelligence to be able to integrate
new knowledge. However, unless one learns pronunciation in childhood, it is almost impossible to
reach a native-level accent. In this research, we take the difficulties of learning tonal pronunciation in
Mandarin as an example and analyze the difficulties of tone learning and the deficiencies of general
learning methods using the cognitive load theory. With the tasks designed commensurate with the
learner’s perception ability based on perception experiments and small-step learning, the perception
training app is more effective for improving the tone pronunciation ability compared to existing apps
with voice analysis function. Furthermore, the learning effect was greatly improved by optimizing
the app interface and operation procedures. However, as a result of the combination of pronunciation
practice and perception training, pronunciation practice with insufficient feedback could lead to
pronunciation errors. Therefore, we also studied pronunciation practice using machine learning and
aimed to train the model for the pronunciation task design instead of classification. We used voices
designed as training data and trained a model for pronunciation training, and demonstrated that
supporting pronunciation practice with machine learning is practicable.

Keywords: language learning; pronunciation practice; perception training; teaching materials design;
machine learning

1. Introduction

Language learning may be faster and easier for younger people, and this seems to be due to the
differences in effort to acquire native and second languages. However, there is a significant difference
in language cognition between native language and second language learning, relative to the learning
environment and knowledge of the learner.

According to related works [1,2], the language learning speed of adolescents and adults in the same
learning environment is higher than that of children and younger children, who increase their language
learning ability as their age increases. However, with the speed of language learning, pronunciation is
different from learning words and grammar, or constructing and translating documents [2]. Though
older people have more knowledge, learning experience, and memory strategies, it is almost impossible
for adult learners of a second language to pronounce new languages with a native-level accent.
The existing research was mainly focused on achieving “native-like” fluency or accents in foreign
languages [3].

In language learning, we focused on the difference between pronunciation learning and the
acquisition of knowledge, such as learning words or grammar, and considered cognitive and
pronunciation learning support with the application. This study aims to improve the pronunciation
learning efficiency of tones, which is a major issue for foreign language learners, especially those who
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do not speak tonal languages. This study was conducted through surveys and evaluation experiments
on Japanese learners.

Section 2 describes the related works on Mandarin Chinese tone learning and the cognitive
abilities of learners that tend to be neglected in Mandarin Chinese education and theories about human
cognition. Section 3 describes the shortcomings of general learning methods and the improvement
plans based on cognitive load theory.

In Section 4, the effect of the improved learning method is shown by the evaluation experiment
results of the tone learning applications.

Section 5 describes the tasks designed to make pronunciation practice more effective and to give
feedback on the pronunciation of learners, provided by machine learning.

Section 6 presents the conclusions and future tasks of this research.

2. Background of This Research

Second language learning refers to interlanguage theory. Systematic errors that occur during
language learning are mainly due to negative transfers from the native language. Learning to
listen and pronounce a language are different skills from learning to read and write, as the latter
involve remembering knowledge (letters, phonetic transcription, words, grammar, phrasing, etc.).
The environment in which only the native language is used and age (neurological constraints [3])
make it difficult to cognize elements of pronunciation in a foreign language (phonemes, mora, accent,
syllable, tones, etc.) that are not in the learners’ mother tongue. To learn the pronunciation of a foreign
language, generally, learners need to be able to cognize elements of pronunciation and combine them
with knowledge of letters and notation.

A study on language production [4,5] shows that pronunciation of a second language is quite
distinct from grammatical encoding, and another study on bilingual language processing [6] shows that
bilingual speakers have a knowledge of two phonological systems and can activate both during language
processing. However, the difficulty of pronunciation is that there are many learners who cannot
pronounce or recognize the second language even if they have knowledge of it. The pronunciation
errors of learners are caused by the native-language transfer or part of elements of pronunciation that
do not exist in the learners’ native language. Though it is important to teach pronunciation properly, it
is difficult for all learners to cope with the difficulties and correct pronunciation errors in the second
language class, which aims to have learners gain basic conversation skills in a short period of time (one
or two semesters). In addition, teachers that instruct language learners may be non-native speakers,
and it is possible that the teacher’s own pronunciation accuracy and the ability to correct the learner’s
pronunciation are insufficient.

2.1. Studies about Mandarin Chinese Tone Pronunciation

There are several languages called tonal languages [7] that distinguish the meaning of spoken
words based on pitch change patterns included in each syllable. It takes a great deal of effort and
time for second language learners to recognize tone correctly and learn to pronounce the words with
the right tone, especially for the non-tone native-language speakers. Furthermore, there is a large
individual difference in tone learning speed, which places a heavy burden on educators who must
help learners deal with tone leaning difficulties and keep learners motivated.

We targeted Mandarin Chinese, which has four main tones, and investigated the study of Mandarin
Chinese tone pronunciation. The four main tones used in Mandarin Chinese conversation are the
flat-high tone (tone 1), medium-rising tone (tone 2), low-dipping tone (tone 3), and high-falling tone
(tone 4), as shown in Figure 1 using Zhao's five-level tone mark [8]. Compared with languages (like
Vietnamese) that have six or more tones, the features of Mandarin Chinese tones are more obvious and
may seem easier. However, the acquisition of Mandarin Chinese tones is difficult for non-Mandarin
Chinese learners, and many studies on Mandarin Chinese tones and tone pronunciation have been
conducted to solve this issue.
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1
Figure 1. Four tones in Mandarin Chinese using five-level tone marks (the numbers on the left side
show the relative pitch: 1. Bottom, 2. Low, 3. Mid, 4. High, 5. Top).

There are several studies on Mandarin Chinese tonal pronunciation targeting learners whose
native language is Vietnamese, which has more kinds of tones [9-11]. Vietnamese speakers, whose
native language is a tone language, have the knowledge of a tone language, and they have mastered
the Vietnamese tones that seem to be more difficult than Mandarin tones. However, due to the negative
transfer of the mother tongue, the Vietnamese tones that learners are used to speaking may cause
pronunciation errors. In addition, if the similarity between the native language and the Mandarin
Chinese tone is high, specific pronunciation errors are likely to occur frequently, such as that the pitch
should be slightly higher or that the falling of the pitch should be more obvious.

The majority of the research on the pronunciation of Mandarin Chinese tones that we investigated
focused on error analysis and error corrections by phonetic experiments. Though some research may
be conducted without restrictions on the subject’s native language and learning experience [12], most
of the research is to specify the subject’s native language, discuss the differences between the native
language and Mandarin Chinese, then discuss the pronunciation errors based on the results of the
experiments [13-21]. However, the research on Mandarin Chinese tone pronunciation has little content
on tone learning method, and the conclusion of the experiment is mainly the error analysis of tone
pronunciation of Mandarin Chinese learners, such as the order of difficulty of each tone and the cause
analysis result of pronunciation errors. As a result, almost every study focuses on the negative transfer
of the learners” mother tongue.

In addition, according to the related works, the tone pronunciation of subjects with more than
two years of learning experience is far from ideal, and there is an experiment result even showing
that the tone pronunciation ability of learners with more than six years of learning experience is even
lower than those of less than one year [15]. Regarding tone learning, a lack of guidance and learners
not being conscious of tones, especially fossilized errors due to the neglect of tone learning in initial
education, are the reasons that even advanced learners have such a high tone error rate.

The general method of Mandarin Chinese tone learning is to practice the pronunciation of
words, phrases, short sentences, etc. The tone learning method mainly used in previous research
and the remedial learning after error analysis is pronunciation practice or practicing pronunciation
of two-syllable words focused on the combination of tones and short sentences. The remedial
instructions in related works included one-month of intensive instruction by a teacher [21] and
imitation pronunciation practice using a computer support system with Mandarin Chinese model
voices and a pitch tracking function [10,17]. However, these studies showed that the tone improved
with the learning methods, and that they was effective; however, they could not show the superiority
of the learning methods performed. Therefore, we aim to improve learners’ tone cognition and
pronunciation ability of tone by using different learning methods and strategies. For this purpose,
we researched theories and experimental results of tone cognition and human processing.

2.2. Tone Cognition and Human Processing

A study on Mandarin Chinese tone perception has shown that even advanced second-language
learners who have sufficient knowledge of words have difficulty recognizing tones included in
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polysyllables and sentences [22]. The differences between the target language and native languages
and the individual cognitive ability determine the difficulty in learning tones. However, educational
policies and awareness of tone and learning strategies can be modified, which is a major factor in
improving the efficiency of tone acquisition. A study was conducted to compare the learning effects of
using monosyllable words with using disyllable words on the initial education of Mandarin Chinese
tones [23]. The results show that using disyllable words in the initial education is much more effective
in the acquisition of tone perception and pronunciation of monosyllable words and disyllable words
(18.75% to 45% improvement). Regarding the tone errors of Mandarin Chinese learners, a study
shows that teaching the third tone as a “dipping-rising tone” may cause tone pronunciation errors [24].
Furthermore, there are tone errors due to ineffective learning strategies of the learners, such as learners
who are confident or good at recognizing and imitating pitch learning tones as melodies or learners
who concentrate on reading and writing without noticing the importance of tone that may lead to
fossilized errors.

According to our research [25], although Mandarin Chinese beginners were trained in tone
knowledge, most of the learners could not distinguish tones in four-syllable Mandarin Chinese, even
when we slowed down the speech speed. It is considered that the pronunciation practice by imitating
words and phrases, which is a general learning method used in existing learning materials and
related research, is not the best way to acquire tone. Learners with low tone cognitive ability are
more likely to practice pronunciation without noticing their pronunciation errors and inappropriate
learning strategies, and the pronunciation errors get fossilized over time. Therefore, we focused on
tone recognition based on information processing in cognitive psychology [26], which uses computer
information processing to approach or explain human information processing. In addition, we used
machine learning, which increases in accuracy with large amounts and variations of training data to
metaphorize how learners acquire categorical perceptions of Mandarin Chinese tones.

Cognitive psychology aims to elucidate the human information processing (perception, memory,
cognition, etc.). Human information processing has stages and includes the following three processes:

1.  Discovery—Be aware of information in the environment that was previously overlooked;
Memory—Make the information meaningful and store in short-term or long-term memory;
3. Modify—Modify the long-term memory (re-learn).

We assume that tone learning is recognizing audio information based on the existing knowledge
of learners [27]. The knowledge of tones, especially the visual symbols as shown in Figure 1, can greatly
help learners to discover and memorize tones. Furthermore, it is considered that recognizing tones
requires considering the shortness of sensory memory (about 1 second or 0.25 to 4 seconds) among the
three stages of human memory: sensory memory, short-term memory, and long-term memory.

In the theory of cognitive psychology and education, based on the fact that the mental resources
that can be used for human information processing are quite finite, cognitive load theory [28] for
effective use of human cognitive resources has been developed. Cognitive load can be classified into
the following three categories in relation to learning.

1.  Intrinsic cognitive load—Related to the learning content (difficulty of learning content);
2. Extraneous cognitive load—Related to how to present the learning content (interface design, etc.);
3. Germane cognitive load—Related to the learning effects (learning tasks, function design, etc.).

Even learners who are unable to recognize the tones are likely to be able to pronounce tones
correctly in pronunciation practice through the imitation of words and phrases due to the help of
sensory memory. Imitation pronunciation practice seems to be effective; however, we consider that for
learners who are unable to recognize the tone, pronunciation practice by imitation improves speech
memory and imitation ability rather than the acquisition of tone. In addition, to avoid fossilized errors
caused by pronunciation practice without correction, it is important to support learners’ language
recognition with different learning contents and methods or voice analysis and machine learning.
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3. Research Method

Based on the related research and theory in the previous section, we considered the intrinsic
cognitive load (Difficulty of speech recognition, complexity of information received by learners),
extraneous cognitive load (Information that is not expected to be effective in learning tones, teaching
material interface, and operation design, etc.), and germane cognitive load (The instructional design
and feedback to promote tone understanding) of the general learning method. The research procedure
is shown in Figure 2.

Investigate Learner's Tone Information Reception Status

Knowledge of Tone Tone Image (Visual Symbol) Perceptual Ability

Design the Training Tasks to Make Learners Recognize Tone Information

Polysyllabic Tasks Emphasize Pitch Change Respond to Individual Differences

|¢

Design the Programmed Instruction based on Cognitive Load Theory

Input Hypothesis (Small Step) Interface design Basic Pronunciation Exercises

|¢

Application Support for Pronunciation Practice

Voice Analysis Machine Learning (Learn from the Process of Machine Learning)

Figure 2. Our research method.

3.1. Intrinsic Cognitive Load (Contents of Learning)

The model voices used for imitation pronunciation practice are mainly of words and phrases.
However, a Chinese word or phrase is composed of many elements, such as phonemes, tones,
phonetic notations, characters, and meaning, and practicing the pronunciation of words and phrases is
accompanied by changes of these elements. It is assumed that the intrinsic cognitive load appears to
be very high for most Chinese beginners.

First, we focused on the first stage of human information processing, discovery, and aimed to
make learners cognizant of the tone. An experiment was conducted to investigate the relationship
between knowledge and tone perception using visual symbols of tone and tone perception tests [25].
The experiment was conducted with native speakers of Japanese that use Chinese characters as well
as Mandarin Chinese as subjects and investigated how beginners can recognize tones, and how
designed perception tests can help improve cognitive abilities and individual learner differences
in tonal cognitive abilities. We have created a collection of perceptual training questions that are
unproblematic, emphasizing the comparison of each tone, and with many variations of model voice
(multiple pitch ranges, sounds, phonemes, and speakers) to make learners recognize the differences of
tone in relative pitch patterns.

3.2. Extraneous Cognitive Load (Perceptual, Visual, and Operation Load)

The intrinsic cognitive load of phrase pronunciation practice seems to be too high for Chinese
beginners as described in the previous section, although it can be reduced by having preliminary
knowledge. However, information unrelated to tone would lower the learners’ concentration on tone
and affect the learning effectiveness. In addition, the pitch tracking function often used in teaching
materials and pronunciation practice applications takes time to record, analyze, and confirm, which
may reduce the pace of learning and increase the cognitive load. The results of audio analysis could
not faithfully reproduce what humans feel and may not be effective for learning.
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Using teaching materials and applications for learning can be further classified into three categories:
perceptual load, visual load, and operation load. Regarding the perceptual load, we set the learning
target only to tone recognition, and the audio task was designed based on the learner’s cognitive ability.
The audio task was provided as a self-learning material in the order of task difficulty. To minimize
the visual load of learning contents, only the images of the four tones (Figure 1) that show relative
pitch patterns of Mandarin tones were used as visual symbols in the perceptual training application.
The operation load of using the application is manly related to how to select the perceptual training
question sets and answer the perception questions.

It is assumed that the application interface and operation design are related to the perceptual load,
visual load, and movement load during learning and affect the learning effectiveness. To investigate
the effects of interface and operation design, we focused on the burden and efficiency of learning
and optimized the interface design, the loading time, and the operation method of the perceptual
training app.

3.3. Germane Cognitive Load (Instructional Design and Feedback for Learning)

The general teaching materials are a provision of a model voice (mainly words, phrases, and
sentences) and provide visual feedback using a pitch tracking function for learners to check their
pronunciation. However, a lack of cognitive ability, especially for beginners of Chinese, means that
categorization perception of tone has not been advanced, thus it is unlikely that learners can improve
or evaluate their own pronunciation correctly by listening or checking the results of pitch tracking at
this stage. Furthermore, the results of pitch tracking are different from human perception, and acoustic
analysis results vary for visual symbols designed based on the perception of native Chinese speakers.

We considered that the task design of tone learning aims at improving the cognitive ability, which
is the basic ability for tone acquisition, and that the speech information provided should focus on
promoting the categorization perception of tones. Therefore, referring to the input hypothesis [29],
we made the perceptual training questions collection, composed of various training tasks, that led
learners to start from the simplest perception questions and gradually change the pitch ranges, sound
phoneme, or speaker as the germane cognitive load. Furthermore, showing the answer status of each
question and task as learning feedback, the users could improve their perception ability and select
perceptual training tasks that matched their abilities according to the feedback.

Regarding pronunciation practice, we investigated the effects of pronunciation practice before
and after answering perceptual training questions. The content of the pronunciation practice was
pronunciation with tone combinations and phoneme changes.

4. The Improvement of Tone Pronunciation Ability with Applications

We gathered 30 Japanese college students who had never learned Chinese and divided them into
groups (depends on their age and gender) to measure the learning effect of the applications. Each
group used the application with different learning methods or application designs. We considered that
practice every day in a short period is more effective for acquisition of tone, and the procedure of the
experiment we designed was as follows:

Acquisition of knowledge (about 20 minutes);

Training with application (3 days, 30 minutes per day);
Pronunciation test (the first test);

Again—Training with application (3 days, 30 minutes per day);
Again—Pronunciation test (the second test);

A

Questionnaire.

We designed two basic pronunciation tasks: reordering of four tones (use the same phoneme and
all four kinds of tones in four syllables and changing the order of the four tones, for a total of 24 patterns;
96 syllables) and two-syllable phoneme combination changes (using two phonemes and disyllable
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tone combinations, for a total of 15 patterns and two tasks; 60 syllables) and a phrase pronunciation
task. Before testing the basic pronunciation tasks and phrase pronunciation task, participants may
have to practice their pronunciation of the tone templates twice (Figure 1) and monosyllable tones
(eight syllables), or phrase imitation pronunciation as a break-in.

4.1. Learning Method

The target of the perceptual training application consisted of the perceptual training questions
designed in Sections 3.1 and 3.2 to compare with the "Chinese pronunciation learning tool provided by
NHK (Japan Broadcasting Corporation)", which includes a function to display model voices of Chinese
words, phrases, and sentences. The users of the NHK’s tone leaning application can record and play
their pronunciation, track their voice pitch, and compare to the model voice. The participants can
practice pronunciation by imitation for a range of more than 160 model voices.

After use of the application for a total of three hours, users of the perceptual training application
that focused on cognitive ability of tone had an average correct answer rate 20% and were 16% higher
in the two basic tone pronunciation tasks. In the results of the paired sample t-test, there is a statistically
significant difference in the correct answer rate of the two basic tone pronunciation tasks from learning
with the NHK application and the perceptual training application (¢(9) = 2.65, p = 0.026, Cohen’s d =
0.839; #(9) = 3.68, p = 0.005, Cohen’s d = 1.16) [30]. We assume that the simplification of the learning
content reduces the intrinsic cognitive load, and the instructional design of the perception questions
causes the germane cognitive load for learners. However, regarding the performance of the phrase
pronunciation tests after the imitation practice, the scores of users of the perceptual training application
were about 2% and 3% lower than the users of the NHK application. The participants who practiced
by phrase imitation had a slightly higher ability to imitate and memorize phrases.

To confirm the learning process and phrase pronunciation ability, we conducted an experiment
with a pronunciation pre-test. The pronunciation pre-test was performed after providing the tone
templates model voices to participants three times. Carrying out the pre-test made the performance
of participants improve by about 20% after training with the application. The performance of the
perceptual training application users were 17% and 7% higher in the basic pronunciation tasks than the
users of the imitation pronunciation practice application. The correct answer rate improvement of the
perceptual training application users before and after training were more than double the improvement
of the imitation pronunciation practice application users. Furthermore, canceling the imitation practice
before the phrase pronunciation test made the imitation pronunciation practice application users
perform worse in the phrase pronunciation test. However, the perceptual training application users
continued to improve their performance in the phrase pronunciation tests. The experimental results of
the phrase pronunciation pre-test, first test, and second test (canceling the imitation practice before the
second test) are shown in Figure 3.

4.2. Application Interface and Operation Design

Although the perceptual training application was shown to be more effective than the imitation
pronunciation practice application, according to the questionnaire results after the experiment, the
users of the NHK application focused more on learning and found it harder to learn tones. In addition,
the NHK app is more interesting for tone learning, and the perceptual training app users felt that it
was more troublesome.

Therefore, we optimized the interface design, operation design, and loading time, aiming to
minimize the extraneous cognitive load without changing the intrinsic cognitive load (contents of
learning). The most important optimization for tone recognition is the effort required to answer the
perceptual training questions. We eliminated the loading time (0.8 to 1 s in the prototype) required to
move to each question, task, and confirmation screen of answer status. The operations of the optimized
perceptual training application required to answer the questions are: 1. Click the button to play the
sound of the perception question, 2. Click the button to answer the question, 3. Swipe to move to
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another question. With the perceptual training app after optimization, it was possible to move to the
next question within the length of sensory memory (about 1 second) and challenge the next question.

Phrase Pronunciation Task
100%
90%

80% I i 1

70%
60% I
50%
40%
30%
20%
10%
0%

Average Correct Answer Rate

Imitation Practice App Users Perceptual Training App Users
Pre-test (Imitation Practice in Advance)
Post-test (Imitation Practice in Advance)

M Final-test (without Imitation Practice in Advance)

Figure 3. The average correct answer rate and variance of application users on the phrase pronunciation task.

The results of the experiment showed that the users of the optimized perceptual training app
performed 10.6% and 20.1% higher on the two basic pronunciation tasks than they did with the
prototype, and in the phrase pronunciation tests, the performances of the optimized perceptual training
app users were improved by 12.5%. In the results of the paired sample t-test, there is a statistically
significant difference in the correct answer rate of the pronunciation tasks from learning with the
prototype and the optimized perceptual training application (#(9) = 2.36, p = 0.043, Cohen’s d = 0.745;
£(9) = 2.61, p = 0.028, Cohen’s d = 0.827; t(9) = 2.45, p = 0.037, Cohen’s d = 0.766) The results of the
questionnaire after the experiment (Table 1) show that the appraisal of the app after optimization
improved considerably; however, it is slightly lower than the NHK’s app.

Table 1. The questionnaire result of application users (6-point Likert scale). Japan Broadcasting

Corporation (NHK).
Perceptual Training App
Average Score/Item NHK App
Prototype Optimized
I focus on learning the tone 5 42 4.8
(At first use) I use the application thoroughly 54 4 5.2
(At second use) I use the application thoroughly 5.4 4.4 5.2
This application helps me to understand tone 5.4
The pronunciation test helps to train tone ability 5.2 5 6
Pronunciation tests are interesting 54 52 4.8
Tone learning is interesting with this application 52 4.4 4.8
The learning method of this application is troublesome 2.4 2.8 2.4
Tone perception is difficult 4.4 5 4.2

Tone pronunciation is difficult 4.2 5 3.8
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4.3. Practicing Pronunciation in the Perceptual Training Application

As outlined in Section 4.1, we conducted the pronunciation pre-test before training with the
app, and the correct answer rate after training with the application was significantly improved by
about 20%. Therefore, we added a screen for instructing the tone pronunciation pre-exercise in the
application. In the pronunciation training screen, light practicing content (12 syllables) was used to
support the perceptual training after enabling the app, and in addition, the basic pronunciation tasks
and the model voice of the four tones were presented at the end of the perceptual training questions
for users to practice pronunciation.

As a result, the implementation of the tone pre-exercise screen did not help perceptual training
app users to improve their tone pronunciation ability. On the other hand, the number of the perception
questions answered by users was reduced due to the pronunciation practice, which may adversely
affect the tone learning effects of the perceptual training app. Furthermore, a participant who used the
perception questions was only in the first stage of the training with the app, and in the second stage
they were only practicing the pronunciation, making the performances of two basic pronunciation
tasks and the phrase pronunciation decrease by 4.2% to 14.6%.

5. Discussion

There are studies that have conducted perceptual training to improve the tone ability in Chinese
perception and production; however, the content of the learning is mainly monosyllabic and disyllabic.
A study that described the effects of perceptual training showed that after two weeks of perceptual
training using disyllable words, the tone perceptual ability improved by 21% and lasted for over six
months [31]. Studies have also divided participants into groups to measure the learning effect of
the perceptual training and pronunciation practice, showing that when using monosyllabic words
to perform perceptual and pronunciation training, perceptual training has a significant effect on
improving perceptual ability, but the improvement in pronunciation ability is much less than that
achieved by pronunciation practice [32]. Similarly, pronunciation practice is effective at improving
monosyllable tone pronunciation; however, the effect on improving monosyllable tone perception is
lower than that of perceptual training. However, using the application to practice disyllable word
perception and pronunciation by imitating a model voice with pitch tracking shows that it is effective
to improve pronunciation ability only with perceptual training. Training only in perception is sufficient
for improving the tone perception and pronunciation in disyllabic words [33].

There are various factors that can affect the results of the tone pronunciation experiment, such
as the training time, individual differences among learners, learning experience of participants, etc.
However, considering the reasons why the two studies that compared perception and pronunciation
training described above led to different conclusions, we speculate that using monosyllable or disyllable
words and training with an application or a teacher is key. Training with a teacher can give the
learners a proper opinion and help them to avoid pronunciation errors when practicing pronunciation.
As shown in our experimental results, pronunciation practice with only the application may lead to
fossilized errors. Furthermore, using monosyllable words to perform perceptual training does not
focus on the relative pitch and categorization perception of tones. Although the participants in the
study could generally distinguish four tones in monosyllables, recognizing and imaging the Mandarin
Chinese tones correctly was still difficult for them.

Based on cognitive psychology theories, the perceptual training app we developed examines the
learning content, conducts experiments, and optimizes the perceptual training tasks and application
interfaces that help users in learning Mandarin tones. The results of the evaluation experiment
showed that the perceptual training application user’s cognitive ability was improved, and the tone
pronunciation errors were reduced. However, a participant who had a high correct answer rate
(93.33%) in the disyllabic pronunciation task after training with perception questions performed worse
(83.33) in the disyllabic pronunciation task after practicing their pronunciation instead of perception.
Therefore, to support pronunciation practice to improve tone production, the task design and feedback
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of pronunciation practice with the application should be based on considering the tone understanding
and categorization, error correction, vocal cord exercises, etc.

Learning Mandarin Tone with Machine Learning

In many cases, artificial intelligence (AI) refers to machine learning or neural networks that refer
to human cognitive structures. For foreign language pronunciation learning, there are some cases
that recommend using Al, such as speech recognition systems, which can be used for practicing
conversation in foreign languages. Speech recognition can grade learners’ pronunciation through
speech analysis of the acoustic features, etc. However, the answers calculated using these technologies
and Al may be wrong, or the accuracy rate may be significantly reduced depending on the purpose
of the system. Using a speech recognition conversational system to practice tone pronunciation, it is
likely that the correct tones and tonal errors will be ignored to make a conversation. In the studies of
Chinese tone recognition using machine learning, the tone of monosyllable words was used as training
data, and the method and accuracy of tone recognition were examined.

The highest accuracy (95.53%) was obtained using the convolutional neural network (CNN) and
the mel-frequency cepstral coefficients (MFCCs) for tone pronunciation of 4500 syllables by 125 children
aged 3 to 10. This study [34] showed that tone recognition by machine learning is possible; however,
there are some shortcomings in learning tones with the tone recognition system. This study used
children’s speech, which had limitations on the pitch range, and the spectrogram and MFCCs of
pronounced monosyllabic words in the paper showed that the third tone was a dipping-rising tone
(Figure 4). In related works, as mentioned in Section 2.2, training with disyllabic words is more
effective than training with monosyllabic words [23], and teaching the dipping-rising tone may cause
pronunciation errors [24]. Furthermore, as the tones are made up of differences in relative pitch patterns,
we considered that it is necessary to design pronunciation tasks that promote tone categorization
of learners.

Amplitude

Frequency (kHz)

Ceptrum index

Figure 4. Machine learning data from previous studies on tone recognition [34]. Top: Time waveforms;
Middle: Spectrograms; Bottom: Mel-frequency cepstral coefficients (MFCCs).
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A study [35] that used the training data fetched and selected from the pronunciation of 590 short
sentences by two pairs of men and women obtained an accuracy of 87.6% using a CNN. The accuracy
of tone recognition is strongly related to the data used for machine learning, and we aimed to design
pronunciation tasks that improve the abilities required for tone pronunciation rather than correctly
recognizing tones. At the first stage of learning tone, we consider that learners should acquire the
cognitive ability of tones, then learners should practice pronunciation with vocal cords and their tonal
cognition. We used the designed voices as training data and made a pronunciation exercise using
a CNN. The designed task for the pronunciation exercise was a disyllabic task that requested the
pronunciation of tones 1, 2, 3, and 4 in the first syllable combined with tone 1 in the second syllable
within 1.1 seconds and the length of the first syllable in less than 0.55 seconds. The data used for
machine learning (CNN) were pronunciation data (a total of 547 items of audio, 60% for training and
40% for validation) of four men and three women who followed the rules of the pronunciation task
for the training and test set. The classification accuracy was 98.18%, which was high due to the data
pattern selection by rules and the features of the two-syllable tone. Figure 5 shows a part of the data
used for machine learning.

(a) (b)
(c) (d)

Figure 5. Training data for the pronunciation task designed in this study. (a) Combination of tone 1 and
tone 1; (b) Combination of tone 2 and tone 1; (¢) Combination of tone 3 and tone 1; (d) Combination of
tone 4 and tone 1.

We considered that we should make tone learners from the machine learning aware of the
processes of how a CNN classifies different tone pairs and the results of the classification by percentage.
Learners can obtain key information to acquire tones from the process of machine learning, learning
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with the training data (pronunciations follow rules of pronunciation task) visually (Figure 5) and
through hearing and practicing with the visual form of their pronunciations and the classification
results by percentage by using the CNN.

The design of the pronunciation task aimed to enable learners to be able to pronounce tones 1,
2, 3, and 4 combined with tone 1 correctly and individually with the speed of ordinary conversation
(about 1 second). Even for native speakers, to get a high percentage of classification by a CNN with
a pronunciation following the rules that are strictly judged requires practicing a little. It is assumed
that practicing with the designed tone pronunciation task using a CNN helps to promote the tone
understanding and categorization of learners and makes learners focus on controlling their vocal cords.

6. Conclusion and Future Tasks

This paper discusses the specialty of pronunciation learning in language learning and emphasizes
the importance of auditory cognitive ability in the second language. It takes Chinese tone learning
as an example and considers the cognitive load and the shortage of the general learning method’s
pronunciation practice by imitating the model voices of words, phrases, or sentences. Against this
background, we focused on polysyllable perceptual training, emphasized the comparison of each
tone, and designed tasks commensurate with the learner’s cognitive ability using the small step
strategy. Furthermore, we considered the shortness of sensory memory and optimized the interface
and operation design of the perceptual training application, compared with the imitation practice app.
As a result, the tone pronunciation correct answer rate of users was 30% to 36% higher in two basic
pronunciation tasks and 12% higher in the phrase pronunciation task after use for a total of three hours.
In the results of the paired sample t-test, there was a statistically significant difference in the correct
answer rate of the pronunciation tasks mentioned above from learning with the imitation practice app
and the perceptual training application (£(9) = 5.78, p < 0.001, Cohen’s d = 1.83, £(9) = 6.22, p < 0.001,
Cohen’s d = 1.97 and +(9) = 3.33, p = 0.009, Cohen’s d = 1.05).

However, the implementation of the tone pronunciation practice function did not help perceptual
training app users to improve their tone pronunciation ability. Furthermore, practicing pronunciation
could be the cause of tonal pronunciation errors. Therefore, we considered using machine learning
to support tone pronunciation practice. We aimed to use machine learning to design pronunciation
tasks rather than recognize tones correctly, as is the case in existing research. Furthermore, in addition
to the prediction results of the trained model, the percentage of classification, the training data set,
and the visualized data were presented to the learner as feedback for learning. We concluded that
machine-learning-assisted tone pronunciation practice is feasible.

In the future, it is necessary to consider the instructional design of pronunciation practice based
on the difficulty of tone combination, error patterns, phonemes, etc. Furthermore, it is also necessary
to optimize the interfaces and operation design or to use cloud computing to minimize the computing
time and extraneous cognitive load. On the other hand, there are studies showing that the individual
differences between people and the data of language processing (in Mandarin Chinese) can be used
to predict people’s ability, which helps in understanding human cognition and creates navigation by
machine learning [36,37]. Classifying learners automatically according to their phonological ability
and providing navigation considering their individual differences using machine learning are also
future issues.
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