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Instructional Design and Effects of Mandarin Tone

Learning Tool for Acquiring Pronunciation Ability

MING SUNG KANG

ABSTRACT

In the 2nd language learning, adults are superior in their ability to memorize
knowledge of new languages and have better learning strategies, experience, and
intelligence to integrate knowledge. However, unless one learns pronunciation in
childhood, it is almost impossible to reach a native-level accent, especially foreign
languages. Although both of Japanese and Chinese use Chinese character in their
language, their pronunciation differs completely. This is a major problem when
Japanese learn Chinese. Although there are many Chinese teaching materials, it is still
not easy for Japanese to acquire correct pronunciation. In this thesis, we aim to develop
a learning method and a tool of Chinese pronunciation for learners of Chinese as a
foreign language.

The general method for learning Chinese tone is focused on performing exercises of
simple conversation. However, there are three challenges in learning Chinese
pronunciation by Japanese: (1) Part of elements of pronunciation that does not exist in
Japanese, such as tones. (2) There is a large individual difference in tone learning speed,
which places a heavy burden on educators. (3) There are learners who practicing
pronunciation of words, phrases or conversation even if they cannot recognize it.
Furthermore, a lack of guidance and learners not being conscious of tones cause
fossilized errors and learning stagnation.

To implement the learning method, we carried out the perceptual experiments to
investigate the tone-understanding ability of university students who does not have
Chinese learning experience. The experiment results showed that the students could not
initially distinguish tone correctly. To promote the categorization perception of tones of
learners, we designed the four-syllable tone perception questions using the following
three rules: (1) One question includes all four types of tone. (2) Only one pronunciation
used for each question. (3) Significantly slow down audio speed (2 seconds per syllable).
These rules help students identify pitch changes in tone.

Referring to the input hypothesis and the results of perceptual experiments, we
made a collection of the perceptual training questions, composed of various training
tasks. These tasks led learners to start from the simplest perception question 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 perceptual ability and select perceptual training
tasks that matched their abilities according to the feedback.

To verify the effect of the perceptual training with tasks designed, we compared
tone pronunciation abilities after using our perceptual training application with an
imitation practice application with voice analysis function. After use of the application
for a total of 3 hours, users of the perceptual training application that focuses on
cognitive ability of tone had an average correct answer rate 20% and 16% higher in two
basic tone pronunciation tasks, respectively. However, though the perceptual training
app is more effective for improving the tone pronunciation ability compared to existing
apps, there were users who could not recognize the tone and had a low correct answer
rate in the pronunciation test.

To improve the learning effect of the perceptual training application, we optimized
the interface design, operation design, and loading time, which aimed to minimize the
extraneous cognitive load without changing the intrinsic cognitive load (contents of
learning). Furthermore, according to the experiment conducted using the prototype of
the perceptual training app, the pronunciation test after the app was used increased
about 20% by preparing the pronunciation test before using the app. Therefore, we also
tried to improve the learning effect by incorporating pronunciation practice into the
perceptual training application.

According to the tone pronunciation correct answer rates of users after using the
application, the implementation of the tone pronunciation practice function did not help
perceptual training app users to improve their tone pronunciation ability. However, we
considered the shortness of sensory memory and optimized the interface and operation
design of the perceptual training application, compared with the prototype. As a result,
the tone pronunciation correct answer rate of users was 10% and 20% higher in two basic
pronunciation tasks and 13% higher in the phrase pronunciation task after using for a
total of 3 hours. The experimental results show the learning effectiveness and potential
of perceptual training. We considered that this research can provide an empirical
foundation for improving Chinese tone ability in the future.

As a future task, we will study on the feedback method of pronunciation errors.
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 should be presented to the learner as feedback for learning. It is also
necessary to consider the instructional design of pronunciation practice based on
difficulty of tone combination, error patterns, phonemes, etc. 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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Chapter 1

Introduction

Language learning may be faster and easier for younger people, and it 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, such as the learning environment and
knowledge of the learner.

According to related works [1], [2], 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 as well as 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 with a native-level accent. The existing research
was mainly focused on achieving “native-like” fluency or accent in foreign
languages [3].

Second language learning refers to interlanguage theory. A systematic error

that occurs during language learning is mainly due to negative transfer of the



native language. Learning to listen and pronounce a language is different from
learning to read and write as they 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.

1.1. Background of This Research

Studies on language production [4], [5] show that pronunciation of the
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 make 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.


https://ejje.weblio.jp/content/difficulties

1.1.1. 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 learning 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 1-1 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 seems easy. However, acquisition of Mandarin
Chinese tone is difficult for non-Mandarin Chinese speakers, and many studies
on Mandarin Chinese tones and tone pronunciation have been conducted to

solve this issue.

@
5 ) =

2 )\@). -~
1

Figure 1-1. Four tones in Mandarin Chinese using five-level tone mark (the
numbers on the left side show the relative pitch: 1. Bottom, 2. Low, 3. Middle, 4.
High, 5. Top).



Speaking with a correct tone is crucial in Chinese conversation. In Chinese
primary education, many expressions place importance on pronunciation and
tone learning [9], [10]. However, their pronunciation varies widely and there are
substantial individual differences in learning tone, which causes problems when
learning Chinese. Furthermore, the task of tone acquisition is a burden on both
the teacher and the learner. In Chinese classes and materials for quick raise the
level of Chinese conversational skills that learners are most interested in and to
avoid frustration, the training of tone tends to be neglected. A study on Mandarin
Chinese tone perception has shown that even the advanced second-language
learners who have sufficient knowledge of words have difficulty recognizing
tones included in polysyllables and sentences [11].

The research on Chinese tone is mainly based on phonetic experiments and
analyzing cause, error, or acoustic features, and there are few contents related to
training methods. The results of the research are principally tone difficulty order,
the error rate of combinations, and cause analysis results (negative transfer of
native language, insufficient guidance, etc.). The remedial measures or opinions
on tone learning are mainly provisions of model voice, pronunciation practice by
imitation, to be conscious of tone, and performing exercises designed to focus on
tone combination and error trends. In addition, the research direction of related
works on the acquisition of tone in Japan and Chinese are addressed by Ding’s
research [12]. According to the research, the main idea in related works is
designing phonetic experiments based on the tone error trend and identifying
error patterns through experimental data analysis. However, there are few
learning method contents in the related works, and research on a new learning
method is needed. In many tone studies, even with learners who have studied
Chinese for more than two years, the ability to pronounce Chinese tones is quite

low. One of the studies analyzed the tone errors of Japanese learners in disyllabic



words [13]. It found that the tone error rate of disyllabic words of seven

participants who studied Chinese for two to three years was an average of 35.7%.

Another study analyzed the tone errors of polish speakers who have studied

Chinese for more than sixty hours (half of them learn over two hundred hours)

[14]. Their disyllabic tone pronunciation error rate was an average of 43.3%.

Figure 1-2 shows the results of classifying the research on tone learning [13]

-[27] that we surveyed in Taiwan according to the research target and controlled

variables.

Method

Target

Controlled Variable

——

.

None[13,14,15]

One or Disyllables >

Words

Tone Ability Comparison: Below Year or
Over Six Years Learning Experience [16]

Words and Sentences

None[17]

Error Analysis
experiment

Computer Support System: Words and
Sentences Pronunciation Practice[18]

None[19,20,21,22,23]

Computer Support System: Words and
Sentences Pronunciation Practice [24]

One or Disyllables

Lecture by Teacher[25]

Words

Perception and

Production

This Research

p
Tone Ability Comparison: Pronunciation

Training with One or Two-syllables
Words[26]

Tone Ability Comparison: Pronunciation

Training and percrptual training[27]

Four Syllable Task,
Two Syllable Task.

Tone Ability Comparison: Using Phrase
Pronunciation Practice Application or

Phrases

Designed Perceptual Training Application

Figure 1-2. Classifying the research on tone learning [13]-[27] and the standpoint of

this research.
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There are several studies on Mandarin Chinese tonal pronunciation targeting
learners whose native language is Viethamese, which has more kinds of tones
[15], [23], [24]. Vietnamese speakers, whose native language is a tone language,
have the knowledge of tone language, and they master the Vietnamese tones that
seems to be more difficult than Mandarin tones. However, due to the negative
transfer of the mother tongue, the Viethamese tones that learners are used to
speaking may cause pronunciation errors. In addition, a study target on English
speaking learners who have studied Chinese for more than six months and study
abroad in Taiwan (70% of the participants learn Chinese over two years) [22]. As
aresult, the tone pronunciation error rate of the participants was 29% on average.

Though the majority of the research on pronunciation of Mandarin Chinese
tones we investigated focused on error analysis and error corrections by phonetic
experiments, several studies have examined the differences in performance due
to controlled variables. A study by Korean learners [16] compared the tone
pronunciation ability of six learners with a Chinese learning experience of less
than one year and learning experience of more than six years. As a result, the
error rate of learners with a learning experience of less than one year was 30.6%
and 38.9% for learners with a learning experience of more than six years. In this
study, participants with more learning experience show lower performance in
tone pronunciation. And the study investigating the tone errors of Hong Kong
students showed that with experience studying in Taiwan for six months, one
year, two years and three years, the error rates of students were 38.5%, 28.8%,
16% and 12.1% on average [17], respectively. Another study by Vietnamese
learners [23] show that the error rate of learners with a learning experience of less
than one year was 40%, less than two years was 31%, more than four years was

17%.



Regarding tone learning, a lack of guidance and learners not being conscious
of tones, especially fossilized errors due to neglect of tone learning in initial
education, are the reasons that even advanced learners have such a high tone
error rate. Some studies [18], [24] have compared abilities before and after using
a computer support system that provides a voice model of Chinese phrases,
which represents pronunciation scoring and pitch trajectory. Other studies have
compared the ability of two years American learners before and after
reinforcement training by teachers [25]. The results show that the average
pronunciation and perception error rates of two-syllable words are 53.3% and
60.6%. And they reduced to 26.3% and 45.3% after training by teacher for one
month (A total of about 10 hours). However, these studies showed that the tone
of the tone improved by the learning method performed, and that it was effective,
but could not show the superiority of the learning method performed. Though
the participants’ performance improved, evaluation of training methods and
judgment of superiority were difficult, and training by teachers should consider
teachers’ personalities.

A study compared two training methods to estimate the effects of teaching
methods, one uses a monosyllabic tone, and another uses disyllable tone
combinations for the initial training [26]. As a result, the pronunciation error rate
of monosyllabic words of the group trained for the monosyllabic tone was 45.3%.
And the error rate of the monosyllabic words from the group trained for
disyllabic tone pairs perception and pronunciation tasks designed was 10.9%.
The pronunciation error rate of the disyllabic words from the group trained for
monosyllabic tone was 61.7%. And the error rate of the disyllabic words of the
group trained for disyllabic tone pairs was 16.7%. However, the participants’
learning experiences and nationalities were different in this research. In related

works, the learning experience and nationality of participants is rarely consistent.



There are studies that have conducted perceptual training to improve 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 [28]. 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 [29]. Similarly, pronunciation practice is
effective to improve monosyllable tone pronunciation, but the effect to improve
monosyllable tone perception is lower than that of perceptual training. However,
a study using the application to practice disyllable word perception and
pronunciation by imitating model voice with pitch tracking shows that it is
effective to improve pronunciation ability only with perceptual training [27].
Training only in perception is sufficient for improving the tone perception and
pronunciation in disyllabic words. And the disyllabic words tone error rate of
participants who had studied Chinese for over eighty hours before training was
44.5% on average. The participants after perceptual training with 1280 disyllabic
words in the application for eight hours, their error rate reduced 24%.

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. In language learning, we focused on the difference between
pronunciation learning and acquisition of knowledge, like 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
do not speak tonal languages, and conduct surveys and evaluation experiments

on Japanese learners.

1.2. Tone Cognition and Human Processing

A study [11] has shown that even advanced second-language learners have
difficulty recognizing tones. Differences between target language and native
languages and individual cognitive ability determine 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 [26]. The results show that using disyllable words in the
initial education is much more effective in acquisition of tone perception and
pronunciation of monosyllable words and disyllable words (18.7% to 45%
improvement). Regarding tone error of Mandarin Chinese learners, a study
shows that teaching the third tone as “dipping-rising tone” may cause tone
pronunciation errors [30]. Furthermore, there are tone errors due to wrong
learning strategies of learners, such as learners who are confident or good at
recognizing and imitating pitch learning tones as melody or learners who
concentrate on reading and writing without noticing the importance of tone that
may lead to fossilized errors.

Therefore, we focused on tone recognition based on information processing
in cognitive psychology [31], [32], which uses computer information processing

to approach or explain human information processing.



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 were
previously overlooked;

2. Memory —Make the information meaningful and store in short-term or
long-term memory;

3. Modify —Modify long-term memory (re-learn).

It is assumed that tone learning is recognizing audio information based on
existing knowledge of learners [33]. The knowledge of tone, especially the visual
symbols as shown in Figure 1-1, can greatly help learners to discover and
memorize tones. Furthermore, it is considered that recognizing tone requires
considering the shortness of sensory memory (about 1 second or 0.25 to 4
seconds) among 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 [34] 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. Germane cognitive load —Related to learning effect (learning tasks,
function, etc.).

3. Extraneous cognitive load —Related to how to present the learning
content (interface, operation design, etc.).

Even learners who are unable to recognize the tone are likely to be able to

pronounce tone correctly in pronunciation practice by imitation of words and
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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 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.

1.3. Research Method

The general learning method and many teaching materials emphasize on
imitation practice. Furthermore, in Chinese classes that are offered as second or
foreign language education, students are required to learn basic knowledge of
Chinese and to develop basic speaking skills and listening comprehension in a
rather limited time. This means teachers could not take a biased educational
policy in class aimed at overcoming specific difficulties. Especially acquisition of
tone varies considerably from person to person. There is a strong need for
support through electronic teaching materials that can provide voice stimulation
leading to the improvement of students” perceptual and pronunciation abilities.

To develop students’ sense of a second language, teachers must be conscious
of the students’ recognition of the phonetic composition of the target language.
However, it is liable to neglect the ability of Chinese learners to recognize the
tone. For this reason, incorrect pronunciation wears, the progress of learning is
often stalled, especially for learners who are not good at dealing with tone.
Training and confirming ability about pronunciation by supported with teaching
materials in this background is considered necessary. Therefore, we considered
that a mobile app offering high teacher availability and freedom would be most

suitable.
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Table 1-1. Comparison of Feature between Related Works and This Research.

Features of Related works (Figure 1-2) This research

research
Investigating how to overcome Discovering  an  appropriate
the difficulties of Chinese tone learning method based on the
pronunciation by finding out perceptual state of Chinese
error trends among learners. learners.

Purpose Few studies considered the Focusing on polysyllabic
differences in performance due perceptual training tasks design
to controlled variables like and verify the effectiveness of
learning experience or teaching training by solving perception
strategies. questions.

Investigate error trends through Investigate  tone-understanding
phonetic experiments refers to ability by perceptual experiments
an interlanguage hypothesis, to design learning tasks.

Research contrast analysis, and error Carried out the evaluation

method analysis. experiment with the disyllabic,
The contents of the phonetic four-syllable task and phrases to
experiments are mainly examine tone  pronunciation
disyllabic words. ability.

Challenges Inﬂue.ncle of .native language, Inappropriate learning method or
Insufficient guidance. tasks.
Imitation practice focusing on Task design that aims to improve

Learning tone combination or lecture by perceptual ability; Polysyllabic

methods the teacher (mainly on disyllabic perceptual training tasks that make

words and phrases).

learners feel the difference of tone.

We consider that acquiring tone should start from recognition, the input of

learners. Therefore, we emphasize a learning method that aims to make learners

feel the difference of each tone. Furthermore, providing the model voice thought

to be useful for learners to grasp the acoustic feature of Chinese tone is also our

purpose.

Table 1-1 shows the features of the related works in described in Section 1.2

and this research.

1.3.1. Perception of Information about Tone

Recognition of tone is based on auditory sense. First, learners store voice

information in working memory, and then, based on existing knowledge (the
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definition of tone), they make the voice information meaningful and store it in
long-term memory. It is speculated that tone is often a difficult feature to learn
because students cannot distinguish pitch difference, which is a characteristic of
tone, or they are unable to link the information with their existing knowledge.
Abilities that necessary for learning Chinese tone are correct recognition of
tone based on knowledge acquisition and perceptual ability in human
information processing. The proposed method emphasizes the perceptual ability
of the acoustic features of tone. To move from the first stage of information
processing, discovery and recognition of information processing, to the next
stage, coding and storage, it is important to enhance the impression by tone

imaging and encoding.

1.3.2. Program Instruction Design on Perceptual State

A stepwise learning method such as program instruction starts with
simplified items and gradually adds factors to approach high difficulty objects
little by little. For validation of the characteristics of the program instruction, the
item contents need to be designed based on experimental data on tone learning.
In accordance with the tone learning procedure proposed, for improving
perceptual tone ability, we have to investigate the factors that make tone difficult

to learn and designed training items based on a learner’s tone perception survey.

1.3.3. Support through Electronic Teaching Materials

Because of large individual difference in tone learning speed, which places a
heavy burden on educators, a material that provide voice stimulations to help
learners deal with tone learning difficulties is important. In order to develop
students’ sense of a second language, teachers must be conscious of the students’

recognition of the phonetic composition of the target language. Therefore, we



considered that a mobile app offering high teacher availability and freedom
would be most suitable.

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), germane cognitive load (the
instructional design and feedback to promote tone understanding) of the general
learning method, and extraneous cognitive load (information that is not expected
to be effective in learning tones, teaching material interface and operation design,

etc.). The research procedure is shown in Figure 1-3.

Investigate Learner's Tone Information Reception Status

Knowledge of Tone Tone Image (Visual Symbol) Perceptual Ability

A 4

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 1-3. Research method.

This thesis is organized as follows. Chapter 1 describes the related works on
Mandarin Chinese tone learning and the cognitive abilities of learners that are
tend to be neglected in Mandarin Chinese education and theories about human

cognition. Based on the learning theory which is thought to be appropriate for



improving tonal skills, we focused on a new learning method from a different
viewpoint and aimed at developing a tone perceptual training application.

In Chapter 2, as a first step in realizing the proposed method, we conducted
tone perceptual experiments and describe the results of investigating the tone
recognition state of learners, the individual difference and the effects of training
tasks. Based on the results, learning contents of the tone perceptual training
application designed and the shortcomings of general learning methods and the
improvement plans based on cognitive load theory are described.

In Chapter 3, the effect of the improved learning method
is shown by the evaluation experiments results of the user study of the tone
learning applications. We compared the effect of the imitation practice application
and the perceptual training application we designed. The application usage status
of participants, results of pronunciation tests and questionnaire are described.

In Chapter 4, based on the theories about human cognition, we attempted to
improve the tone perceptual training app by optimizing the user interface and
adding pronunciation practice function. The results of evaluation experiment that
compared the effect of the optimization are described.

Chapter 5 presents the general discussion and the fundamental study for
future tasks designed to make pronunciation practice more effective and
feedbacks on the pronunciation of learners provided by machine learning. In

addition, the conclusion and future tasks of this research are described.



Chapter 2

Development of a Tone Perceptual Training Tool

Based on the relevant research and the theories in the previous section, this
research aims at developing a self-learning material with multi-syllable
perceptual training contents. We targeted on Japanese learners who have no
Chinese learning experience and investigated the educational contents that help
learners acquire categorical perception of Mandarin Chinese tone. According to
the results of the investigation, we made a prototype of tone perceptual training

material with the educational contents.

2.1. Educational Contents Design

In the theory of cognitive psychology and education, to make full use of
learner’s cognitive resources, we focused on difficulty of speech recognition,
complexity of tone information received by learners, instructional design and

feedback to promote tone understanding.

2.1.1. Intrinsic Cognitive Load (Contents of Learning)
The model voices used for imitation pronunciation practice are mainly words

and phrases. However, a Chinese word or phrase is composed of many elements



that could be not exist in learners’ native language and learners should need to
deal with phonemes, tones, phonetic notations, characters and meaning during
practicing pronunciation of words and phrases. It is assumed that the intrinsic
cognitive load appears to be very high for most Chinese beginners. Even learners
aim to learn tone by phrases pronunciation practice, the intrinsic cognitive load
would increase because of the other elements in Chinese phrases.

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. The
experiment was planned to conduct with native speakers of Japanese that use
Chinese characters as well as Mandarin Chinese as participants and investigated
how beginners can recognize tones, how designed perception tests can help
improve cognitive abilities, and individual learner differences in tonal cognitive
abilities. We aimed to create 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.

2.1.2 Germane Cognitive Load (Instructional Design and Feedback for
Learning)

The general teaching materials are a provision of model voice (manly words,
phrases, and sentences) and provide visual feedback using pitch tracking
function for learners to check their pronunciation. However, lack of cognitive
ability, especially for beginners of Chinese, means that categorization perception

of tone has not been advanced, and it is unlikely that learners can improve or



evaluate their own pronunciation correctly by listening or checking the results of
pitch tracking. 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 tasks design of tone learning aims at improving the
cognitive ability, which is the basic ability for tone acquisition, and speech
information provided should focus on promoting the categorization perception
of tones. Therefore, referring to the input hypothesis [35], we made the
perceptual training questions collection, that led learners to start from the
simplest perception question 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 perceptual ability and select perceptual training tasks that matched

their abilities according to the feedback.

2.2, Perceptual State of Chinese Tone

The learning method we prefer emphasizes step by step acquisition with
polysyllabic perceptual training. To implement the learning method, we carried
out the perceptual experiments to investigate the tone-understanding ability of
university students who have not had previous Chinese learning experience.
Before experimenting on the perceptual state of the Chinese tone, it is necessary
to let learners acquire a basic knowledge of Chinese pronunciation first. The
introduction about tone is performed using the tone image seen in the previous
section. In addition, we let participants hear models that combined voice and
tone images, such as a four-syllable template of tones, disyllabic words, four

syllables, and number counting in Chinese.
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2.2.1. About Tone

In Chinese pronunciation, each syllable has a tone that distinguishes
meaning through pitch change. The four kinds of Chinese tones are the first tone
(high tone), the second tone (mid-rising tone), the third tone (low-dipping tone
or falling-rising tone) and the fourth tone (high-falling tone). The requirement
that each tone holds is the pitch height relate to the others. We considered that it
is necessary to emphasize the training of relative pitch height perception for the

task design.

2.2.2. Tone Image

The image of the tone uses Yuen Ren Chao's five level tone marks [8] (Figure
2-1). Then, in consideration of the actual conversation state and the burden and
efficiency of learning, the third tone (Figure 2-2) of the perceptual experiment

used the “low-dipping tone” [36], [37].
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Figure 2-1. Images of tones used in the perceptual experiment.
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Figure 2-2. Two images of the third tone.
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Zhang's disyllabic word pronunciation research [13] shows that there is a

tendency to speak the third tone with a "Falling-rising tone" as one of the reasons
for pronunciation errors of the third tone. Furthermore, the frequency of the
“Low-dipping tone” is higher than the "Falling-rising tone" in Chinese, and it is

easier to express the third tone without misusing it.

2.2.3. Four-character Idioms

In order to investigate the Chinese tone perceptual state of Japanese native
speakers who have no Chinese learning experience, we used the four-character
idioms in the first experiment. The way the experiment progresses is to gather
the participants in the classroom, distribute sheets for recording the interview
results, and let them write the tone of the heard voice. Audio of each question is
presented twice and the participant fills answers in the sheet by drawing the
image of tone shown in Figure 2-1. In order to investigate the Chinese tone
perceptual state of Japanese native speakers who have had no Chinese learning
experience, we used four-character idioms in the first experiment. After
explaining the language composition, we let the participants hear the four-
character idioms and fill in answers on the answer sheet (Appendix 1).

In this experiment, we chose four-character idioms that exist in both Japanese
and Chinese, such as “E\#F EIE” and “£R#EHE 5,” and the four-character idioms
were presented using a model voice. After hearing the model voice for each
question twice at normal speed, we let participants hear the model voice twice at
a low speed and answer the question again to investigate the state of tone
perception for low-speed Chinese.

The experiment was conducted using a total of eight participants: one female

in her 20s, six males in their 20s, and one male in his 50s on 17th April 2017.
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Tone Perception of Four-character Idioms

100%
9]
m‘c’é 80%
S 60%
=
<‘6’ 40% m Normal Speed
% 20% II I I II || m Slow Speed
|

0%

1 2 3 4 5 6 7 8

Participant

Figure 2-3. Tone perceptual experiment 1.

Except for one participant, the correct answer rate of the four-character
idioms (a total of 56 syllables) was less than 50%. Figure 2-3 shows the
experimental results. According to Figure 2-3, it appears that improving the rate
of correct answers by listening at a lower speed isn’t significant. Sometimes
participants made a mistake when answering the slow speed task even if they
answered correctly in the normal speed task.

The experimental results show that beginners of Chinese could not recognize
tone correctly. Therefore, repeating the model voice of Chinese phrases, which is
a general Chinese pronunciation exercise, is performed in a state in which the
tone can hardly be recognized, and we speculate that there is a high possibility

that tone learning does not advance in this case.

2.2.4. Tone Perceptual Experiment with Rules

In response to the results of 2.2.3, to realize the stepwise learning method of
program instruction, we designed a tone classification task, which seems to be
effective in the early stages of learning, and carried out the following experiment

two weeks later on 1st May 2017 (Appendix 2).
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In the experiment (Figure 2-4), we aimed to create tasks that simplified the
four-character idioms and carried out perception experiments of four syllables
using the following three rules.

(1) One question includes all four types of tone
(2) Only one pronunciation used for one question
(3) Increase the speed reduction rate (2 seconds per syllable)

The first rule was used to make participants concentrate on the difference of
each tone; the second rule was to eliminate voice information that may confuse
participants, and according to the results of experiment 1, speed reduction was
considered to have had an effect on the improvement of tone perception; thus,
we used the third rule to increase the effects of the method. We surmised that
individual differences in tone perception of participants would appear; thus,

three males in their 20s were added to the participant group in this experiment.

Tone Perception with Rules (Male Voice)

100%

80%
60%
40% m Normal Speed
20% I m Slow Speed
W
7 8

1 2 3 4 5 6 9 10 11

Participant

Correct Answer Rate

Figure 2-4. Tone perceptual experiment 2.

As shown in Figure 2-4, the four kinds of tones are classified by the relative
height of the pitch, and by using these three rules, it is easier to feel the difference
and the pitch change regarding tone. Three trends were found in the tone
learning results from the experiment.

(1) 3 of the 11 participants found it difficult to recognize the tone, even with
this method.
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(2) 3 participants were able to recognize tones at normal speed by hearing
them again at low speed.
(3) 5 participants had a favorable recognition status irrespective of speed.

In this experiment, we decided to use four kinds of phonemes for each of the
three questions according to participants who demonstrated trend (2) and had a
0%, 0%, 25% correct answer rate for normal speed questions when changing the
phoneme. After hearing the slow stimulus, the correct answer rate was 50%,
87.5%, and 87.5%, respectively. Therefore, lowering the speed can be considered
an effective method to improve the tone perception of different phonemes. The
phonemes used were two vowels similar to the Japanese “i” and “u” and two
vowels that are not used in Japanese. Then, we changed the speaker of the
questions from male to female and carried out this tone perception experiment
again two weeks later on 15th May 2017 (Appendix 3).

According to the results of this experiment (Figure 2-5), we created two
groups of tendencies: difficulty in recognition and favorable recognition state.
The classification ability of the tone and different phoneme perceptual experience

acquired by the training can also be applied to the tone with the changed pitch

range.

Tone Perception with Rules (Female Voice)
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Figure 2-5. Tone perceptual experiment 3.
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After conducting these two experiments, we have concluded that by using
the above three rules, 73% of participants were able to improve their ability to

classify tones by answering tone perceptual questions.

2.2.5. Relationship Between Phoneme and Tone Perception

We speculated that the perceptual state of phonemes may be related to tone
perception. To confirm this, we designed a phoneme and tone perceptual
experiment and carried it out a week later on 22th May 2017 (Appendix 4).

In this experiment, we used six four-character idioms (24 syllables) and let
participants mark the phonemes and tones on the answer sheet. There were 14
phonemes tested in the perceptual test. If the phoneme “su” was tested,
participants would hear six four-character idioms in order once and mark the
sign of the phonemes that they thought was included in the syllable. The 14
phonemes were presented with Zhuyin fuhao (BoPoMoFo), the Chinese
transliteration system used in Taiwan. To test 14 phonemes and tone,
participants would hear the 6 four-character idioms 11 times. The perceptual test
of tone was the last one in the experiment.

Figure 2-6 shows the correct answer rate of 10 phonemes (Zhuyin fuhao)
used more than three times in the six four-character idioms and tone perception.
As shown in Figure 2-6, the relationship between phonemes and tone perception
is weak.

Figure 2-7 shows the number of incorrect answers filled in for each phoneme.
The data shown in Figure 2-7 does not include incorrect answers filled in due to
retroflex false perception; the perception of retroflex had an 87.5% error rate in

24 syllables of seven participants.
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Phoneme and Tone Perception
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Figure 2-6. Correct answer rate of phonemes and tone perception of 7
participants (experiment 4)
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Figure 2-7. Number of incorrect answers filled with each phoneme in experiment
4.
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2.2.6. Learning Effect of Tone Perceptual Questions with Rules

In order to investigate the learning effect of answering rule-attached tone
perceptual questions in more detail, the fifth experiment was performed with
perceptions of four-character idioms after the rule-attached tone perception on
5th June 2017. (Appendix 5)

This experiment did not use the speed reduction method, and 22 questions
of rule-attached tone perception using 22 phonemes and four-character idioms
perceptual questions were carried out. The results are shown in Figure 2-8. The
22 phonemes consisted of the vowels and the combination of vowels with

pronunciation changes.

Rule-attached and Four-character Idioms Perception

100%

ot
S 80%
2 60%
é
f_; 40% m Rule-attached
E 20% II I I I I B Four-character Idioms
o I
1 2 3 6 7 8 9 10 11

Participant

Figure 2-8. Tone perceptual experiment 5.

According to the 4th experiment’s results, after conducting the rule-attached
tone perceptual experiment, there were five participants with a correct answer
rate of more than 80% in the four-character idioms, significantly higher than the
1st experiment’s results. However, in the 5th experiment’s results, although there
was a participant who had a correct answer rate of more than 90% by tone
classification of the rule-attached tone perceptual questions, they obtained a

correct answer rate of less than 30% in the four-character idioms section. The
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results are considered to be related to the number of times the model voice is

heard.

2.2.7. Tone Perception from One Syllable

In the previous section, 27% of participants could not correctly classify tone
in the rule-attached tone perceptual experiments, and the improvement of the
correct answer rate was insignificant. Therefore, to discover the perceptual
question with the learning effect, we conducted the 6th, 7th, and 9th experiments
on 19th June, 3rd July and 31st July 2017. (Appendix 6,7,9) In this case, perceptual
experiments were carried out by gradually changing the method from the
questions considered to be the easiest, and the change in the correct answer rate
of perception was investigated. In each experiment, five patterns, as shown in
Table 2-1, were also compared, in addition to one syllable, rule-attached, and

four-character idioms tone perceptual questions.

Table 2-1. Question patterns added to perceptual experiments

X, y in question patterns indicates the composition of the four-character idioms

Question patterns Detail

xxxx  four-character The four-character idioms perception with the same tone in 4
idioms syllables

xxyy four-character The four-character idioms that the first two syllables are the
idioms same, and the last two syllables are the same tone.

wxyz four-character The four-character idioms that 4 syllables all different tone

idioms

xxyy four-character The four-character idioms that the first two syllables are the

idioms x,y=1 or 4 same, and the last two syllables are the same tone being 1st or
4th tone.

xxyy four-character The four-character idioms that the first two syllables are the

idioms (x,y=4) same, and the last two syllables are the same tone.

*k The answers were all 4th tone.

Although the results of the survey (Figures 2-9, 2-10, and 2-11) showed an
increase in the correct answer rate for rule-attached tone recognition, some

participants had a correct answer rate of less than 60%. From these experiments,
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it was found that there was a large individual difference in the perceptual ability
of tone among participants whose native language is Japanese. It is considered
important to acquire the basic ability of perceptual and pronunciation ability of

tone with suitable training tasks.

Tone Perceptual from One Syllable

100%
o 380%
5
~
§ 60% One Syllable
:Cé’ Rule-attached
g 40% m wxyz Four-character Idioms
S m xxyy Four-character Idi
S 900 xxyy Four-character Idioms
m Four-character Idioms
0%
4 5 7 8 9 10 11
Participant
Figure 2-9. Tone perceptual experiment 6.
Tone Perceptual from One Syllable
100%
o 80% One Syllable
5
~
§ 60% Rule-attached
Z
8 40% m wxyz Four-character Idioms
]
5
O 90% m xxyy Four-character Idioms
x,y=1or4
0% I m Four-character Idioms
0 2 4 7 8 9 11
Participant

Figure 2-10. Tone perceptual experiment 7.
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Tone Perceptual from One Syllable

100%

80% One Syllable
60% Rule-attached
40% m wxyz Four-character Idioms
20% m xxyy four-character idioms
I (x,y=4)
0% m Four-character Idioms
3 5 6 7 8 9 10 11

Participant

Correct Answer Rate

Figure 2-11. Tone perceptual experiment 9.

2.2.8. Change of Correct Answer Rate at Perceptual Tasks - Phoneme and
Speed

We confirmed the correct answer rate for different tasks in the experiments
we conducted to investigate the learners’ tone perceptual state regarding
different voice element changes.

The 8th experiment was executed by adding the following 2 rules to the four-
character idioms and carried out on 18th July 2017 (Appendix 8). We carried out
and compared the correct answer rate with the normal (3 rules) rule-attached
tone perception (Figure 2-12).

(1) One question includes all four tones

(2) Increase the speed reduction rate (2 seconds per syllable)

As shown in Figure 2-12, the correct answer rate of some participants at
normal speed decreased in the four-character idioms composed of unknown or
complex phonemes. However, we found that the correct answer rate regarding

the normal rule-attached questions can be obtained by lowering the speed.
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Rule-attached Tone Perception w/o Phonemes Change

100%
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Correct Answer Rate (Question)

B Three Rule-attached

o (Slow Speed)
Particiapant

Figure 2-12. Compare of tone perceptual experiment 3 and 8.

2.2.9. Error Analysis in Perceptual Experiments

A survey of difficulties for users who advanced their training using the
technique designed by the authors found that they successfully improved their
perceptual ability of tone. According to this survey, we analyzed the error rate of
each tone in the four-character idioms perceptual experiments of participants
whose correct answer rate for syllables was 85% or higher in the simplified tone
perceptual experiment. We show the error tendency caused by the complication
of phonemes and tone combinations. For the analysis, we used the data from
experiments that carried out both simplified tone perception and four-character
idioms in the experiment conducted by the authors in Chapter 3.

Figures 2-13 and 2-14 show the error rates of the four tones and the ratios of
confusing them with other tones. As shown in Figures 2-13 and 2-14, the tone
with the highest error rate was the 4th tone with 38.4%, and the others showed

an error rate of 20.6% to 24%. The 1st tone tended to be confused with the 2nd
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and 4th tone. Furthermore, the 2nd and 3rd tone were easily mistaken for each

other, and the 4th tone was easily mistaken for the 1st tone.

Error Rate of 4 kinds of Tone
40%
35%

30%

o 25%
&
= 20%
£
B 15%
10%
5%
0%
1st Tone 2nd Tone 3rd Tone 4th Tone
Figure 2-13. Tone perception error rate of 4 tones.
Error Trend of Four Tones
100% eeeem 0 oSN oW
\ ______
\ %
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o /
=
3
< : /
20%
2
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1st Tone 2nd Tone 3rd Tone 4th Tone

B 1lst Tone ®2nd Tone ©E3rd Tone ®M4th Tone

Figure 2-14. Tone perception error trend of 4 tones.
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The error rate of error patterns is shown in Figure 2-15 by multiplying the
error rate of each tone and the ratios of being mistaken for the other tones. As
shown in Figure 2-15, the highest probability was found with the 4th tone being
mistaken for the 1st tone with 31.9%, and the second highest was mistaking the

3rd tone as the 2nd tone (13.7%).

Error Trend of Tone Perception

35%
30%
25%
20%

15%

10%
I I
0% [ I i = I O

1=2 1=3 1=4 2=1 2=3 2=4 3=1 3=2 3=4 4=1 4=2 4=3

Error Rate

Figure 2-15. Error rate of tone error patterns.

We found that it is necessary to consider the training measures of the error
patterns and implement them in items after the simplified task in the application.
2.3. Learning Through Perceptual Questions

Based on the results of the tone perceptual experiment, the perceptual
questions using the three rules in 2.2.4 were designed to help students identify

pitch changes in tone.
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Furthermore, we prepared the tone perception questions for the learner who
needs more manageable tasks that consist of pure tones with different pitch range
and pitch height. The change in model voice was gradually added to improve
students” perceptual ability by answering several perception questions. The tone
perception questions consist of pure tones using the rule (1) One question
includes all four types of tone in section 2.2.4, and we designed them with four
pitch range: 1. High bandwidth (150Hz-600Hz) 2. Low pitch (80Hz-140Hz) 3.
Medium pitch (160Hz-280Hz) 4. High pitch (200Hz-360Hz). Except for adjusting
the width of the frequency change and pitch range of pure tones, provision of
model voice with both male and female voices, adding questions with different
phonemes etc. were used to make learners training step by step.

The tone learning tool for basic learning of tone was constructed with the
following perceptual training tasks.

(1) Introduction to Chinese Tones-explanation by texts and tone animations

(2) Pure Tone Perception-high bandwidth (10 questions)

(3) Pure Tone Perception— low pitch (10 questions)

(4) Pure Tone Perception— medium pitch (10 questions)

(5) Pure Tone Perception— high pitch (10 questions)

(6) Male voice perception of tone— Hai (10 questions)

(7) Male voice perception of tone— Ha, I (12 questions)

(8) Female voice perception of tone— Hai (10 questions)

(9) Female voice perception of tone— Ha, I (12 questions)

(10) Ability test (20 questions)

The task voice can be replayed to promote active learning of learners. In
addition to the above-mentioned tone perception questions (104 questions), there

are 15 rule-attached tone perception questions and 20 single syllable tone
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perception questions added for supplementary training. For some questions, the
four-syllable voice template animation of the tone presented as a tip.
Furthermore, the tasks for middle or advanced learners were created, such
as monosyllabic words (20 questions), four-character idioms consisted of all four
kinds of tones (10 questions) and four-character idioms (28 questions). The tasks
aim to let learners have experience dealing with polysyllable perception
questions. The four-character idioms were considered to make learners get
training to deal with tone in the process of learning Chinese words, phrases,
conversation, etc. The tone perceptual training questions designed as education

contents are totally 197 questions.
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Chapter 3

Comparison of Effectiveness of Applications to
Improve Chinese Tone Pronunciation Ability

To verify the effect of the perceptual training with tasks designed in Chapter
2, we compared tone pronunciation abilities before and after using our
perceptual training application with an imitation practice application. We
conducted two experiments on February and November 2018 (Appendix 10), one
of the experiments carried out a pronunciation pre-test for grouping the
participants based on the tone ability, the other experiment did not carry out the
pronunciation pre-test so that participants would not know the contents of the

pronunciation test.

3.1. Experimental Method

We gathered 20 Japanese college students who had never learned Chinese

and divided them into 4 groups (depends on their age and gender, or the results
of the pre-test) and to measure the learning effect of the applications. Each group
used the application with different learning methods or experimental methods.
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:
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(0) Pre-test: Basic pronunciation ability test after listening to the tone
template model voice three times

(1) Acquisition of knowledge
(2) Training with the app (first session- 3 days, 30 minutes per day)

(3) Post-test: Basic pronunciation ability test with the same contents as the
pre-test

(4) Training with the app (second session- 3 days, 30 minutes per day))
(5) Final-test: Pronunciation ability test

(6) Questionnaire

3.1.1. Acquisition of Knowledge

The participants of both groups learned the basic knowledge about Chinese
pronunciation before using the application. The contents explained the
importance of the Chinese tone. The image of tone was expressed by Yuen Ren
Chao's five-level tone mark [16] (Figure 2-2), and the phonological features of
each tone were used. Specifically, the different impressions of the third tone and

the neutral tone were introduced.

3.1.2. Application to Compare with

The target of the perceptual training application consisted of the perceptual

training questions designed in Chapter 2 to compare with was the Chinese

pronunciation learning tool “F i < A" (Seicho Kakunin Kun) 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 learning application can record and play their pronunciation, track voice
pitch, and compare to the model voice. The participants can practice
pronunciation by imitation for a range of more than 160 model voices that include

monosyllabic, disyllabic and polysyllabic words, four-character idioms and
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simple sentences ("IRAF", "FLABUH ", "R R, R HAIE", "REHREHK
AT R, ete.).
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Figure 3-1. NHK’s tone learning application.

3.1.3. Training with the Application

The period of the training for each session is three days. On two sessions, a
total of six days, the participants were told that they must use the app for 30
minutes a day. After a session, they took a pronunciation test. The participants
were instructed to meet the schedule for the tone pronunciation test, and the

purpose was to master tone.

3.1.4. Pronunciation Test

The contents of the test were designed focusing on polysyllabic
pronunciation, correspondence ability of phonemes and tone combination
change to examine the tone pronunciation ability. The basic pronunciation
tasks designed is considered that help learners practice pronouncing the acoustic

feature of tone.
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1)

(2)

3)

(4)

()

(6)

Template: Present the phoneme (e.g., Hai) and the tone images (Figure 2-
2) and request the pronunciation of the application users.
Decomposition of the template: Present the phoneme and the tone
images of the four kinds of tones individually and request the
pronunciation of the application users.

Reordering of template: Present a moving image to change the order of
the template tones and request the pronunciation of the application users
(a total of 96 syllables; 24 patterns).

Two-syllable Phoneme Combination Change: Present two phonemes
(e.g., Ha, Si) and tone images, and request the pronunciation of the
application users (a total of 60 syllables; 15 patterns * 2 kinds of phoneme
combination) to examine the ability to deal with phoneme change.
Phrase repeating: Ask the applications users to imitate the model voice,
and then present the reading of phrases (e.g., Ni Hao, Huan Ying Guan
Lin), images of tone, and the model voice (12 syllables on the pre-test and
post-test).

Phrase: Present the reading of phrases (e.g., Ni Hao, Huan Ying Guan
Lin) and images of tone. And then request the pronunciation of the
application users (12 syllables on pre- and post-test; 12 or 24 syllables on

final-test).

Scoring for tone pronunciation is based on discrimination by Chinese native

speaker using five-grade evaluation. (1) Mistake: a wrong tone, (2) Unknown: a
tone that Chinese-speaking listeners cannot recognize, (3) Recognizable: Chinese-
speaking listeners can judge the pronunciation as the required tones, but it is an
extremely unnatural pronunciation, (4) Easy to understand: Chinese-speaking
listeners will judge the pronunciation as the required tones, and will not cause

information transmission error in conversation, but the pronunciation may be
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flawed in syllable length, pitch, or pitch change, (5) Can be used as an educational
model: Chinese-speaking listeners could not find the flaw in the tone
pronunciation.

1 or 2 points of pronunciation may cause considerable information
transmission error in conversation. 3 points are unnatural pronunciation, and
information transmission errors may occur. 4 or 5 points can be considered as

having no possibility of information transmission error in the conversation.

3.1.5. Questionnaire

We use a user questionnaire to investigate the demographic data of the
participants, such as age, language, comments on application, application usage
status and the pronunciation task, and impression of Chinese, tone learning, and

application.

3.2. Experiment Results

3.2.1. Application Usage Status

The participants of the groups did not carry out the pronunciation pre-test,
two imitation practice application users practiced the 18 phrases 5 to 6 times. The
other three imitation practice application users are actively practicing different
phrases (totally 132, 161 and 186 phrases). These five participants used 62.6 items
on average in the first session (1.5 hours), 76.8 items on average in the second
session, and an average of 139.4 items for a total of 3 hours in six days.

The number of items (perceptual questions) used in the perceptual training
app designed in this study was 54, 84, 115, 148 and 168 items for the first three
days (first session), and due to the possibility of user records of the second session
were missed, reliable data cannot be provided. According to the results, the

number of items used are vary widely among participants.
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In additions, the participants of the groups carried out the pronunciation pre-
test, the number of phrases used by the users of the imitation practice app was
32, 54, 69, 94 and 100 for the first session, and 71, 86, 109, 139 and 163 for the
second session. A participant chose to practice phrases repeatedly each day.

The number of items (perception questions) used by the users of the
perceptual training app was 64, 118, 162, 166 and 212 for the first session and 48,
112, 183 and 212 for the second session (excluding the participant who did not
use the application).

The usage status of apps is showed in Figure 3-2. As shown in Figure 3-2, the
imitation practice app users w/o taking the pronunciation pre-test practiced a
total of 69.8 and 62.6 phrases on average for three days (first session), about 23.3
and 20.9 phrases a day (30 minutes).

The total number of items used of the perceptual training app users w/o
taking the pronunciation pre-test were 144.4 and 113.8 items over three days,

about 48.1 and 37.9 items a day.

Application Usage Status

160
140
T
2 120
£ 100
=
— 80
= 144.4
;g 60 113.8
40
2 62.6 69.8
20
0
Imitation Practice Perceptual Training Imitation Practice Perceptual Training
(with Pre-test) (with Pre-test)
B Imitation Practice B Perceptual Training
m Imitation Practice (with Pre-test) Perceptual Training (with Pre-test)

Figure 3-2. Usage status of different applications and experimental design.

40



3.2.2. Pronunciation Test Results

Four groups of participants trained with different learning apps and w/o
took a pronunciation pre-test. Tone pronunciation without information
transmission errors in the conversation was regarded as a correct pronunciation.
The average correct answer rate and variance of two basic pronunciation tasks
(reordering of four tones and two-syllable phoneme combination change) of
different groups are presented in Figure 3-3 and Figure 3-4. The average correct
question-answer rate of two-syllable phoneme combination change is presented

in Figure 3-5.

Reordering of Template

100%
90%
80%

I

1 |
60% I
o0 91%
40% 77% o 749 78%
30% 57% 57%
20% 46%
10% I

0%

Imitation Practice Perceptual Training Imitation Practice Perceptual Training

(with Pre-test) (with Pre-test)

Correct Answer Rate

B Post-Test Final-Test

Figure 3-3. Correct answer rate of four syllable pronunciation task of four
groups of participants.
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Two-syllable Tone Combination

100%
90%
80%
70%
60%
50%
40%
30%
20%
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Correct Answer Rate

(%) I

Imitation Practice Perceptual Training Imitation Practice Perceptual Training
(with Pre-test) (with Pre-test)

m Post-Test m Final-Test

Figure 3-4. Correct answer rate of two syllable pronunciation task of four
groups of participants.

Two-syllable Tone Combination
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Figure 3-5. Correct question answer rate of two syllable pronunciation task of
four groups of participants.
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To further distinguish tone pronunciation ability, we regarded the grades of
the two-syllable phoneme combination change task as the correct question-
answer rate of two-syllable words as related works. The improvement of the
correct answer rate that was obtained by calculating the difference compared to
the pre-test is shown in Figure 3-6, including two basic tasks, two-syllable

questions, and phrase pronunciation.

Imitation Practice Application Users
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(b)
Figure 3-6. Improvement of correct answer rate of (a) Imitation practice
application users; (b) Perceptual training application users.
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As shown in Figure 3-6, the perceptual training app users’ improvement
regarding the correct answer rate was more than twice that of the imitation
practice app users. For the phrase pronunciation task, the correct answer rate of
imitation practice app users declined due to not doing the repeating task
beforehand. However, the correct answer rate of the perceptual training app
users improved even final-test that was not included repeating task.

Table 3-2 shows the results of the t-test, which included the correct answer
rate of four pronunciation tasks of imitation practice and perceptual training app
users before and after training with the app. There were a statistically significant
difference and a large effect in the correct answer rate of the reordering of four
tones task and two-syllable questions from learning with the imitation practice
app and the perceptual training app (p < 0.05). However, for the phrase
pronunciation task, only the correct answer rate of the perceptual training app
users met the significance level of 0.05.

Table 3-2. T-Test between correct answer rate of imitation practice and
perceptual training app users before and after training with app.

Paired Samples T-Test (Correct answer rate of
Users o df p Cohen’s d
pronunciation tasks: second test and pre-test)

Reordering of Four Tones 0.048 1.26
Imitation Two-syllable Phoneme Combination Change 0.178 0.730
Practice App Two-syllable Questions 0.040 1.34
Phrases 0.423 -0.399
Reordering of Four Tones 4 0.022 1.64
Perceptual Two-syllable Phoneme Combination Change 0.057 1.18
Training App Two-syllable Questions 0.043 1.31
Phrases 0.025 1.57

Pronunciation tasks that include more complicated phonemes are expected

to be advantageous for application users focusing on phrase repeating exercises.
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However, results exceeding expectations have come out, practicing phrase
pronunciation in such a state that the basic practice is deficient is not efficient to
improve the ability to pronounce a phrase that has never been heard.

Table 3-3 shows the results of the t-test, which included correct answer rate
of imitation practice and perceptual training app users w/o taking a pre-test
before training with the app. There was a statistically significant difference in the
correct answer rate of the two-syllable questions from learning with the imitation
practice app and the perceptual training app or taking and not taking a pre-test
before training with app. (p < 0.05). However, for the two basic pronunciation
tasks, the correct answer rate of the imitation practice and perceptual training

app users taking a pre-test did not meet the significance level of 0.05.

Table 3-3. T-Test between correct answer rate of imitation practice and

perceptual training app users w/o taking a pre-test before training with app.

Pronunciation
Paired Samples T-Test df P Cohen’s d
Tasks
Imitation Practice App Imitation Practice App <0.001 2.018
with pre-test
Perceptual Training A -
Reordering of Iz)vi th pre-tes tg bp Perceptual Training App 0.017 0.918
four tones Perceptual Training App  Imitation Practice App 0.026 0.839
Perceptual Training App Imitation Practice App
with pre-test with pre-test 0.167 0.476
Imltatlgn Practice App Imitation Practice App <0.001 2.135
Two-svllable with pre-test
Y .
Phoneme Perce}z:}ilgi g;:jgg[g App Perceptual Training App 9 0.036 0.777
Combination  percentual Training App ~ Imitation Practice App 0.005 1.164
Change Perceptual Training App  Imitation Practice App 0.116 0.550
with pre-test with pre-test ) )
Imltatlgn Practice App Imitation Practice App <0.001 2.001
with pre-test
Perceptual Training App | Train
Two-syllable with pre-test Perceptual Training App 0.005 1.150
Questions Perceptual Training App  Imitation Practice App 0.004 1.208
Perceptual Training App Imitation Practice App 0.021 0.879

with pre-test

with pre-test
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Taking a basic tone pronunciation test before training with the app would
improve tone pronunciation ability and make the perceptual training has no
significant impact on improving the correct answer rate of two basic
pronunciation tasks. However, for the pronunciation tasks with relatively high
discrimination, there was still a statistically significant difference in the correct

answer rate of different apps users.

3.2.3. Results of Questionnaire

Table 3-4 shows the average score of the nine questionnaire items related to
tone learning using a 6-point Likert scale. As shown in Table 3-4, users of the
imitation practice app used the application more thoroughly and were more

focused on learning tone.

Table 3-4. Questionnaire Results.

Imitation Perceptual
Item/Average Score Practice Training

App App
I focus on learning the tone 5.2 4.5
(On first session) I use the application thoroughly 5.4 4.6
(On second session) I use the application

5.7 4.4
thoroughly
This application helps me to understand tone 54 5
The pronunciation test helps to train tone ability 5.1 4.8
Tone learning is interesting with this application 45 43
The learning method of this application is 28 3
troublesome .
Tone perception is difficult 4.5 4.6
Tone pronunciation is difficult 4.8 5
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According to the results of the questionnaire on each training task in
perceptual training apps (Table 3-5), which is useful for understanding the tone,
the process that seems to be the most useful is decreasing the speed (5.6 points),
followed by the male/female voice change (5.5 points), four tones in four syllables
(5.4 points) and change phoneme (5.3 points). These are the same methods used
in the survey experiments to help Japanese native speakers who are learning
Chinese to recognize tone, as seen in tone perceptual experiment with rules.
However, the textual explanation and explanation by animations get the lowest
scores (4.2, 4.3 points). It is considered that we should change the way to provide
the explanation, especially the animations that aimed to emphasize the visual

symbols for helping learners memorize the features of tones.

Table 3-5. Questionnaire results of items design in perceptual training app.

Item that helps to understand the tone Average Score

The Perceptual Training App 5

Textual Explanation 4.2
Explanation by Animations 4.3
Pure Tone 4.9
Decrease the Speed 5.6
Fixing the Phoneme 5.2
Four Tones in Four Syllables 54
Pure Tone Different Pitch Range 4.9
Male/Female Voice Change 5.5
Change Phoneme 5.3
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Table 3-6 shows the average score of functions in imitation practice app. The
items that get the lowest scores were male/female voice provision (4 points) and
the record/play function (4.9 points). Compare to the questionnaire results of
items design in perceptual training app, the score of male/female voice in the

application got the exact opposite results.

Table 3-6. Questionnaire results of functions in imitation practice app.

Item that helps to understand the tone Average Score
The Imitation Practice App 54
Listen to the Phrases in the App 5.5
Imitate the Phrase Pronunciations Provided in the App 5.5
Record the Pronunciation Practice and Play it 4.9
Track the Voice Pitch and Provide the Image of it 54
Male/Female Voice Provision 4

3.2.4. Error Analysis of Pronunciation Test

We investigated the tendencies of users of different applications using the
pronunciation test data of the evaluation experiment.

Figure 3-7 shows the error rate of each tone in two basic tasks. As shown in
Figure 3-7, the result of the error analysis of four tones was 3 (third tone), 2
(second tone), 1 (first tone), and 4 (fourth tone) in descending order of error rate.
However, before training with the application, the error analysis results of the
four-syllable task, reordering of four tones, was 3, 1, 2, 4. The error rate of the first
tone was about twice that of the second tone. From these results, we concluded
that the first tone (Figure 2-1), which is high and flat, is more likely to cause errors
than other tones when there are a large number of syllables to pronounce.
However, the two application users’ error rates of the first tone in two

pronunciation tasks are obviously decreased after training.
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Figure 3-7. Error rate of four tones in two basic pronunciation tasks before and
after training with app.

Furthermore, it is important to pronounce the third tone in a lower voice
compared to speaking Japanese; thus, even when participants can recognize the
relative pitch height, there is a high possibility that a pronunciation error will
occur. We speculated that feedback on pronunciation is more important for the
pronunciation of the third tone.

In addition to the error analysis of the fourth tone, we considered tone
combinations of the two-syllable and four-syllable tasks. The error rate of two-
syllable combinations is shown in Figure 3-8. As shown in Figure 3-8, there is no
change in the tendency of errors before and after training, and the combination
including the third voice is relatively difficult to improve by training, especially
in 4+3, 342, and 3+4. The error rate did not go below 50% on average for both

groups.
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Task - Two-syllable Phoneme Combination Change

100%
80%
]
ks 60%
S
& 40%
m
20/||‘|H“‘ 1
0% l
1+1 142 143 1+4 2+1 242 243 244 3+1 3+2 3+4 441 442 443 4+4
m Pre-test m Final-test (Imitation practice app users)

Final-test (Perceptual training app users)

Figure 3-8. Error rate of tone error patterns in two syllable pronunciation tasks.

The error rates of tone combinations in the four-syllable task (a total of 24
patterns) are shown in Figure 3-9. According to Figure 3-9, the tone combination
with the lowest error rate before training is "1234," which was presented three
times before the pre-test. However, the error rate of the tone combination "1234"
did not decrease after training and had the highest error rate in the final-test.
Furthermore, before training, five tone combinations had relatively low error
rates (the lowest and the second-lowest), but only two of them were in the same
position after training.

As a result of the error analysis, we have concluded that it is relatively
difficult to pronounce the combination "1234" used in the experiment as a
template of tone in the pre-test and animation explanation. In addition, except
for the tone combination "1234," the combination "1423" had the lowest error rate
before and after training. Furthermore, there are participants that tend to
pronounce the third tone as the fourth tone because of the image of the third tone,
the "Low-dipping tone" (Figure 2-2), used in the experiments. They tried to

express "Low-dipping", however, it sounds the same as "High-falling".
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Figure 3-9. Error rate of tone error patterns in four syllable pronunciation tasks. Dark
blue in the figure shows the tone combinations that participants had higher performance
in the pre-test.

3.3. Discussion

According to the pronunciation test results of the evaluation experiment,
perceptual training instead of phrases imitation practice, taking the basic
pronunciation pre-test, and the optimization of the information presentation and
operation of the perceptual training application are helpful to improve the
application users’ the correct answer rate of tone pronunciation.

In the usage status of the applications, the users of the perceptual training
application listened to more model voice than the imitation practice application
users. Also, taking the basic pronunciation pre-test have a positive impact on the

number of items used of the application. We consider that in addition to the
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designed perceptual questions of the perceptual training application, making the
users concentrate on perception is also an important factor in improving the
learning effect. We speculate that the reason why the users has taken the
pronunciation pre-test had a higher tone pronunciation ability and the increase
in the number of items used is because of the preview effect and the tone
pronunciation preview increased learning motivation of the users.

The error that pronounce the third tone like the fourth tone also happened to
two imitation application users. This error caused these users have an error rate
of over 25% at the reordering of four tones task, and this error is slightly less at
the two-syllable task and phrase pronunciation task. Furthermore, there is an
imitation application user pronounce all four kinds of tone as fourth tone at two
basic tone pronunciation tasks in the post-test and the final-test even if he could
imitate the phrases pronunciation pretty well (Correct answer rate of 100% in the
post-test, 92.3% in the final-test). However, his correct answer rate of the phrase
pronunciation task he took right after the imitation practice increased from 30%
in the post-test to 61.5% in the final-test. We speculate that he didn’t actually learn
how to pronounce the tone or realize the feature and difference between each
tone. He only improved his imitation and memory ability of Chinese
pronunciation by imitation practice application. In addition, the results of
improvement of phrases pronunciation (Figure 3-7) show that faced to the
phrases never heard, the correct answer rate of imitation practice app users
declined. On the contrary, the correct answer rate of perceptual training app
users kept increasing after training, even if they didn’t do the repeating task

beforehand.
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Chapter 4

Optimization of the Perceptual Training Application

4.1. Introduction

In Chapter 3, we showed that our perceptual training app is more effective
than the existing imitation pronunciation practice app. However, as a prototype
of the perceptual training app to verify the effect of the educational content
designed, there are some issues about teaching material design still remain, such
as 1. The way to show the educational contents, 2. The time required to load
animations and questions, 3. The operations of the perceptual training
application required to get explanations of tone and train through the perception

questions, 4. Combine the perceptual training with pronunciation practice.

4.1.1 Extraneous Cognitive Load (Perceptual, Visual, and Operation Load)

The intrinsic cognitive load of phrase pronunciation practice seems to be too
high for Chinese beginners described in the previous chapter, though it can be
reduced by having preliminary knowledge. However, information unrelated to
tone would lower learners’ concentration on tone and affect learning

effectiveness. In addition, the pitch tracking function often used in teaching

materials and pronunciation practice applications takes time to record, analyze,
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and confirm, which may reduce the pace of learning and increase cognitive load.
The results of audio analysis could not faithfully reproduce what humans feel
and may not be effective for learning.

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 2-1) 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 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.

4.2. Application Interface and Operation Design

Though 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’s application
focused more on learning and found it harder to learn tones. In addition, NHK’s
app is more interesting for tone learning, and the perceptual training app users

felt that it was more troublesome.
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Therefore, we optimized the interface design, operation design, and loading
time, which aimed to minimize the extraneous cognitive load without changing

the intrinsic cognitive load (contents of learning).

4.2.1. The Perceptual Training Application Prototype

To carry out the experiment in Chapter 3, we adopt the platform "EiFE< A"
to provide the educational contents designed by us. On this platform, we can edit
text, pictures, images and test questions, so that users can freely use the content
of our designed teaching materials through the Internet. We put our educational

contents on this platform as the prototype of tone perceptual training materials.

The main screen and the image of the perception question in the application
prototype are shown in Figure 4-1. The perceptual training items are presented
as a list. Users have to click on the item and wait for the loading time of the
explanation page, the question and the answer page to complete a perception
question. Furthermore, after confirming the answer of the question, user have to
wait for the loading time again to go back to the question answered or to go to

the next question.
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Figure 4-1. Screenshots of the perceptual training application prototype.

According to the related research on brief auditory storage [38], humans’
auditory sensory memory can only last for a few seconds. Therefore, we
considered that the biggest burden or hindrance for users is the operations of the
perceptual training application prototype required to answer the questions. The
operations are: 1. Wait for the application to load (0.8-1 second), 2. Click the
button to play the sound of the perception question, 3. Click a selection to answer
the question, 4. Click the button to send out the answer, 5. Wait for the application
to load (0.8-1 second), 6. Confirm the answer of the question and click the button

to move to another question.

After choosing and clicking a selection, user have to click a button to send
out the answer. Furthermore, from entering a question to getting a feedback from
the application, user have to wait for the application to load the question and the
answer status. We speculate that in the process of repeatedly listening to the tonal

audio and obtaining feedback, the redundant operations and waiting time will
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increase the cognitive load, reduce the user's willingness and make it more

difficult for the learner to concentrate on the tone perception.

4.2.2. The Optimized Tone Perceptual Training Application

Figure 4-2 shows the main screen and image of the perception question in the
optimized tone perceptual training application. We emphasized the category and
level of the perception questions, simplified the name of the items, and changed

the interface color and the way to play the media files.
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Figure 4-2. Images of the optimized perceptual training application.

The optimized perceptual training application loads several animations and
questions in advance. These data will be utilized when users start them. Users do
not have to do anything to find the tone animation and they also can switch the

item by swiping.

The most important optimization for tone recognition is the effort required
to answer the perceptual training questions. Therefore, we eliminated loading
time (0.8 to 1 second 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
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button to play the sound of the perception question, 2. Click the button to answer

the question, 3. Swipe to move to 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. Table 4-1 is a comparison between the application
prototype and the optimized version. Obviously, the optimized version has

become simpler in operating procedures, screen transitions, and provisions of

feedback.

Table 4-1. Comparison of application interface and operation

The Perceptual Training App

Item / (time or second)

Prototype Optimized
The number of operations required to view the 5 1
animation
The number of screen transition required for view 1 0
the animation
Loading time required for each animation 1 0
The number of operations required to move to 2 1
another item
Number of screen transition required to move to ’ 1
another item
Loading time required to move to another item 2 0
The number of operations required to answer a 6 3
perception question
The number of screen transition required to answer ’ 1
a perception question
Loading time required for each perception question 1
Loading time required to show answer status 1

4.2.3. Practicing Pronunciation in the Perceptual Training Application

As described in Chapter 3, 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%. It is considered that do the
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basic pronunciation pre-test after listening to the tone template model voice is
effective to improve the tone ability of application users.

Therefore, to further verify the effect of basic pronunciation pre-exercises, we
added a page for instructing the tone pronunciation pre-exercise in the
application (Figure 4-3). In the pronunciation pre-exercise page, light practicing
content (12 syllables) was used to support the perceptual training after enabling
the app. Users will view the pronunciation pre-exercise page that provides the
template model animation and request the pronunciation of the application users
right after they start the perceptual training application. Users have to click the
button at the end of the pronunciation pre-exercise page to go to the main screen
of the perceptual training application. In addition, for the users who can quickly
solve the perception questions, 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 (Figure 4-3).
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Figure 4-3. The pronunciation pre-exercise page in the perceptual training
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application. (a) Pre-exercise; (b) Extended training.
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4.3. Effectiveness of Optimized Applications to Improve Chinese
Tone Pronunciation Ability

To confirm the effectiveness of the optimized perceptual training, we
compared tone pronunciation abilities of perceptual training application users
before and after optimizing. We conducted the experiment on June 2019

(Appendix 11).

4.3.1. Experimental Method

As the experiments conducted in Chapter 3, we divided 10 Japanese college
students who had never learned Chinese into 2 groups. Groups used the
perceptual training application with the pronunciation pre-exercise page, and the
other used the perceptual training application without the pronunciation pre-
exercise page. After training with the application, they took pronunciation tests
with several pronunciation tasks as the experiment in Chapter 3.

We compared the users’ tone pronunciation ability after using four kinds of
applications abovementioned, (a) NHK's app (the imitation practice app), (b)
prototype app (the perceptual training app prototype), (c) Optimized app
(optimized perceptual training app) with pronunciation pre-exercise page, (d)
Optimized app without pronunciation pre-exercise page. Figure 4-4 shows the

user interface of applications” main function.
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4.3.2. Application Usage Status

The five NHK’s app users used 62.6 items on average in the first session (1.5
hours). The number of perceptual questions used in the prototype app was 113.8
on average for the first three days (first session). In additions, the number of
perception questions used by the users of the optimized app with pronunciation
pre-exercise page was 134 on average for the first session and 132 for the second
session. In addition, the optimized app users used 157.6 perception questions on
average for the first session and 152.5 for the second session (excluding one of
the five participant who did not use the perception questions).

The usage status of apps is showed in Figure 4-5. As shown in Figure 4-5, the
number of items used of prototype app is about 1.8 times the number of NHK’s
app users, which means that it takes more time to complete a phrase
pronunciation practice using NHK’s app than to answer a perception question in

the prototype app.

Application Usage Status for the First Session

200
=)
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5 157.6
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Z
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NHK's App Prototype App Optimized App Optimized App
(with Pre-exercise)
m NHK's App m Prototype App

m Optimized App (with Pre-exercise) = Optimized App

Figure 4-5. Number of items used of four groups of participants.
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Furthermore, after optimizing the prototype app, the average number of
perception question used is about 1.4 times that of the prototype app. However,
the number of perception question used of optimized app with pronunciation
pre-exercise page is 0.85 times of optimized app without pronunciation pre-
exercise page. The pronunciation pre-exercise page makes users have less time
for answering the perception questions.

In addition, for the tone perceptual questions using pure tone produced as
an introductory item, the average correct answer rate of each prototype and
optimized app users was 73.3% to 100%, and the average correct answer rate of
them was 89.4%. For the tone perceptual task, the pure tone had a high correct
answer rate even though the students had no previous experience learning
Chinese. In the tone perceptual questions that used a human voice instead of a
pure tone, a considerable individual difference was confirmed in the tone
perceptual questions that used human voice. For this task, the average correct
answer rate of each user was 34% to 94%, and they had a correct answer rate
71.7% on average.

The result is similar to the results of the perception experiments in Chapter
2. Even tone perception questions with human voice simplified, some learners
still cannot figure out the tones smoothly. There were two prototype app users
had lower correct answer rates of 34% and 45% in the three-rule attached
perception (the correct answer rates of the other users were 82.3%, 86% and 94%).
On the contrary, there were six optimized app users had lower correct answer
rates of 38.6%, 60%, 68.2%, 72.7%, 72.7% and 73% in the three-rule attached
perception (the correct answer rates of the other users were 88.6%, 93.2% and
100%). However, there were three optimized app users were able to challenge
the three-rule attached perception questions again and the correct answer rates

of them improved from 38.6%, 60% and 72.7% to 73.8%, 81% and 93.2%,
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respectively. We speculate that the optimization of app operations and
eliminating loading time required to answer perception questions not only allow
users to train with more perception questions within the same time, but also

improve the effectiveness of training.

4.3.3. Pronunciation Test Results

Four groups of participants trained with different mobile apps. Tone
pronunciation without information transmission errors in the conversation was
regarded as a correct pronunciation. The average correct answer rate and
variance of two basic pronunciation tasks (reordering of four tones and two-
syllable phoneme combination change) and phrase pronunciation task of

different groups are presented in Figure 4-6, Figure 4-7 and Figure 4-8.
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Figure 4-6. Apps users’ correct answer rate of four syllable pronunciation task.
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Two-syllable Tone Combination
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Figure 4-7. Apps users’ correct answer rate of two syllable pronunciation task.
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Figure 4-8. Apps users’ correct question answer rate of phrase pronunciation
task.
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The prototype app and optimized app users” average correct answer rates of
pronunciation tasks that require tone-based ability (a) four-syllable tone
combinations, (b) two-syllable phoneme combination change, are more than 10%
higher than those of NHK’s app users. However, the results of (c) the phrases
pronunciation task performed after imitating showed that the correct rates of the
NHK” app and the prototype app users was very similar. Figure 4-8 shows that
NHK’s app users that focused on phrase pronunciation gives their advantage on
phrase pronunciation task. However, even if the phrases pronunciation test is
performed after imitating pronunciation practice, the correct answer rate of
NHK’s app users is still 10% lower than those of optimized app users.

To further distinguish tone pronunciation ability, we regarded the grades of
the two-syllable phoneme combination change task as the correct question-
answer rate of two-syllable words as related works. The average correct question-
answer rate of two-syllable phoneme combination change is presented in Figure
4-9. And the correct question-answer rates of each app user are presented in

Figure 4-10 and Figure 4-11.
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Figure 4-9. Apps users’ question correct answer rate of two syllable

pronunciation task.
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Figure 4-10. (a) NHK’s app; (b) Prototype app users’ correct question answer
rate of two syllable pronunciation task.
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Figure 4-11. (a) Optimized app (with pre-exercise page); (b) Optimized app
users’ correct question answer rate of two syllable pronunciation task.

67



Figure 4-9 shows the two syllable pronunciation results of users obtained by
calculating the correct answer rate of two syllable questions that both syllables in
the question are pronounced correct. According to the results, we can more
clearly find that tone pronunciation ability obtained after using different apps is
different. After using the app for a total of 3 hours, the correct answer rate of the
prototype app users is 22% higher than the correct answer rate of NHK’s app
users, and the difference of the correct answer rate between the optimized app
users and NHK’s app users is up to about 42%. In addition, there are huge
individual differences in tone pronunciation between users as the results of tone
perception. Half of the NHK’s app and prototype app users had the correct
answer rate less than 50%. However, all the optimized app users had a correct
answer rate at least higher than 50%.

Furthermore, the three participants mentioned in the previous section whose
correct answer rate of perception questions improved by over 20% in the second
session (participants 5 in (a) of Figure 4-11, and participants 3 and 5 in (b) of
Figure 4-11) also improved their pronunciation correct answer rate by 37%, 17%
and 23% on the final-test.

For three pronunciation tasks, the results of the t-test between correct answer
rates of different apps users are shown in Table 4-2. As shown in Table 4-2, using
the perceptual training app has a significant impact on improving tone
pronunciation ability. Furthermore, optimizing the application design to reduce
the extraneous cognitive load greatly increase the learning effect of perceptual
training app. However, the pronunciation pre-exercise function has no

significant impact on improving tone pronunciation ability.
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Table 4-2. T-Test between correct answer rate of apps users.

Pronunciation Tasks Paired Samples T-Test df P Cohen’s d
Prototype App NHK’s App 0.026 0.839
Prototype App 0.043 0.745
Reordering of Four
NHK’s A <0.001 1.829
Tones Optimized App PP
Optimized App with 0.628 0.159

Pre-exercise

Prototype App NHK’s App 0.005 1.164
Two-syllable Prototype App 0.028 0.827
Phoneme 9
Combination Optimized A NHK’s App <0.001 1.968
Change ptimize pp
Optimized App with 0.106 0.567

Pre-exercise

Prototype App NHK’s App 0.004 1.208
Prototype App 0.028 0.826
Two-syllable
i K’'s A . .
Questions Optimized App NHK'’s App <0.001 3.235
Optimized App with 0317 0335

Pre-exercise

4.3.4. Results of Questionnaire

Table 4-3 shows the average score of the ten questionnaire items related to

tone learning using a 6-point Likert scale.
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Table 4-3. Questionnaire results.

Ttem/Average Score NHK’s Prototype Optimized
App App App

I focus on learning the tone 5 4.2 4.8
(On first session) I use the application 5.4 4 59
thoroughly
(On second session) I use the application 5.4 44 59
thoroughly
Thi lication hel to understand

is application helps me to understan 5.4 5 5
tone
Th'e‘pronunciation test helps to train tone 59 5 6
ability
Pronunciation tests are interesting 5.4 52 4.8
Tone. lea.rning is interesting with this 5.2 44 48
application
The learning method of this application is 24 2.8 24
troublesome
Tone perception is difficult 4.4 5 4.2
Tone pronunciation is difficult 4.2 5 3.8

As shown in Table 4-3, except for the two items of “Tone perception is

difficult” and “Tone pronunciation is difficult”, NHK’s app got higher scores

than prototype app. Even though the tone pronunciation performance of NHK’s

app users is worse than the users of the prototype app, in the aforementioned

two items, NHK’s app users scored the difficulty of tone perception and

pronunciation 0.6 and 0.8 lower than that of the prototype app users. A

questionnaire survey reports on the motivation of Japanese Chinese learners and

factors that makes learning difficult [39]. According to the research, it was mainly

pronunciation, tone, syllable rhythm, intonation, and reading methods (81.1%)

that seemed to be the most difficult for Chinese language learners, and the ability



to engage in conversation is the greatest motivation for Japanese college students
to learn Chinese (67.7%). The results show that the educational contents of NHK’s
app focusing on phrases imitating match with the main learning motives of
Japanese Chinese learners, and it make users liked NHK’s app more.

However, among the perceptual training application, the optimized version
has relatively advantages, and the optimized app users scored the difficulty of
tone perception and pronunciation are lower than that of the NHK's app users.
In the following, we will make detailed comparisons based on the design of the
perceptual training applications before and after optimization.

According to the results of the questionnaire on each training task in
perceptual training apps (Table 4-4), which is useful for understanding the tone,
the process that seems to be the most useful are decreasing the speed (5.45 points)
and the male/female voice change (5.45 points), followed by, change phoneme
(5.4 points) and four tones in four syllables (5.2 points). These are the same
methods used in the survey experiments to help Japanese native speakers who
are learning Chinese to recognize tone, as seen in tone perceptual experiment
with Rules. Textual explanations and explanations by animation got the lowest
scores by the prototype app users (4.2 and 4 points, respectively), however, they
greatly improved and explanations by animation got the highest scores by the
optimized app users. We consider that optimizing the operation design and the
loading time of the perceptual app also made users easier to get or memorize
information provided by the app, especially the textual and the animation

explanation.
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Table 4-4. Questionnaire results of items design in perceptual training app.

Task of Perceptual Training/ Score

Prototype Optimized Average
(It helps to understand the tone)
Textual Explanation 4.2 5.4 4.8
Explanation by Animation 4 6 5
Pure tone 4.6 5.4 5
Decrease the Speed 5.4 5.8 5.6
Fixing the Phoneme 4.8 52 5
Four Tones in Four Syllables 5 5.8 5.4
Pure Tone Different Pitch Range 4.6 5.4 5
Male/Female Voice Change 5.4 5.8 5.6
Change Phoneme 5.2 5.8 5.5

4.3.5. Error Analysis of Pronunciation Test

We investigated tone errors of the two-syllable and four-syllable tasks after
using optimized app. The error rate of two-syllable combinations is shown in
Figure 4-12. The tendency of errors is the same as the results in Chapter 3, the
combination including the third tone is relatively difficult for learners, especially

tone 4+3, and 2+3. The error rate is over 50% on average.
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Figure 4-12. Error rate of tone error patterns in two syllable pronunciation

tasks.

The error rates of tone combinations in the four-syllable task (a total of 24
patterns) are shown in Figure 4-13. The tone combination with the lowest error
rate is "1234," which was the contents of the animation presented when users start
the optimized app. It is greatly different from the result in Chapter 3 (Figure 3-9),
the error rate of the tone combination "1234" did not decrease after using
prototype app and had the highest error rate in the final-test. Furthermore,
according to the questionnaire using a 6-point Likert scale, explanation by
animation is the most improved item that of score increased 1.7 point after
optimization. It is considered that the app optimization not only improved app

users’ pronunciation ability but also change the error trends of app users.
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Figure 4-13. Error rate of tone error patterns in four syllable pronunciation
tasks.
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4.4. Discussion

There are various factors that can affect the results of the tone pronunciation
experiment, such as training time, individual differences among learners,
learning experience of participants, etc. However, considering the reasons why
the related works [27], [29] 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. Using monosyllable words for training does not focus on the relative pitch
and categorization perception of tones. Though the participants in the study
could generally distinguish four tones in monosyllables, recognizing and
imaging the relative pitch change of Mandarin Chinese tone correctly was still

difficult for them [26].
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Furthermore, practicing pronunciation with a teacher can give the learners a
proper opinion and help them to avoid pronunciation error, and as shown in our
experimental results, pronunciation practice with the application may lead to
fossilized errors. On the other hand, the feedback learners can get from
perceptual training with a teacher is similar to perceptual training with an
application (the answer of the perception question). However, the time that
learners have to wait for getting the audio of perception question and feedback
from teacher will increase the extraneous cognitive load just like the prototype
app. The perceptual training with an application that can let learners feel free to
choose the perception question and based on cognitive psychology theories, the
perceptual training app we developed examines the learning content, conducts
experiments, and optimizes perceptual training tasks and application interfaces
that help users to learn Mandarin tone. It is assumed that the best way to
implement the learning method, perceptual training, is to train with the app and
the polysyllabic tasks designed aim to make learners feel the difference and the
pitch change regarding tone.

The results of the evaluation experiment showed that the optimized
perceptual training application user's cognitive ability was improved, and tone
pronunciation errors were reduced. However, as a result, the implementation of
the tone pre-exercise page 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 because of pronunciation practice,
which may adversely affect the tone learning effect of the perceptual training app.

In addition, a participant who had a high correct answer rate (93.3%) in the
disyllabic pronunciation task after training with perception questions performed
worse (83.3%) in the disyllabic pronunciation task after practicing pronunciation

instead of perception. One of the reasons is the low-dipping image of the third
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tone led him to pronounce the third tone like the fourth tone (high-falling),
however, the pronunciation after first session didn’t cause the error. It is
considered that perceptual training is effective in avoiding pronunciation errors
or pronunciation practice may cause errors in pronunciation. Therefore, to
support pronunciation practice to improve tone production, tasks design and
feedback of pronunciation practice with the application should be based on
considering the tone understanding and perception, error correction, vocal cords

exercises, etc.
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Chapter 5

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
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,
and as a result the tone pronunciation correct answer rate of users was 29.7% to
36% higher in two basic pronunciation tasks and 9.4% higher in the phrase
pronunciation task after using for a total of 3 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, t(9) = 6.22, p <0.001, Cohen’s d = 1.97 and #(9) = 3.33, p = 0.009,
Cohen’s d = 1.05).
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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.

5.1. Learning Mandarin Tone with Machine Learning

In many cases, Al 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 by
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 (95.5%) 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 [40]
showed that tone recognition by machine learning is possible; however, there are

some shortcomings in learning tone with the tone recognition system. This study
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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 5-1). In related
works, as mentioned in Chapter 1, training with disyllabic words is more
effective than training with monosyllabic words [26] and teaching the dipping-
rising tone may cause pronunciation errors [31]. 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.

tone 1 tone 2 tone 3 tone 4

Amplitude

Frequency (kHz)

Ceptrum index

0.2 0.4 0 0.2 04 0
Time (s)

Figure 5-1. Machine learning data from previous studies on tone recognition [40]. Top:
Time waveforms; Middle: Spectrograms; Bottom: Mel-frequency cepstral coefficients
(MFCCs).
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A study [41] 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 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 98.2%, which was high because of data pattern selection by rules and the
features of the two-syllable tone. Figure 5-2 shows a part of the data used for
machine learning.

It was 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 with
the training data (pronunciations follow rules of pronunciation task) visually
(Figure 5-2) and through hearing and practicing with the visual form of their

pronunciations and the classification results by percentage by using the CNN.
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(0)

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

The design of the pronunciation task aimed to enable learners to be able to
pronounce tones 1, 2, 3, 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 vocal cords.
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5.1.1. Discussion

According to the results, using Al for pronunciation training seems to be
helpful for tone learning. However, factors such as the user interface, loading
time and individual differences of learners will greatly make a difference to the
effect of pronunciation training function. Though the feedback that learners
obtain from Al helps them to judge their own pronunciation, the effect of
pronunciation practice is highly dependent on learner's own pronunciation and
recognizing ability. In the acquisition of basic tonal cognitive and pronunciation
ability, perceptual training is an effective method.

According to the experimental in Chapter 4, the use of apps for perceptual
training has advantages in obtaining information and feedback smoothly over
perceptual training with teachers. In addition, using apps to improve students'
tonal recognition and pronunciation ability can effectively reduce teachers'
burden on pronunciation teaching. However, the accuracy, immediacy, and
convenience of Al are still a major issue in terms of the ability to correct errors
and provide opinions for pronunciation practice.

In the field of pronunciation teaching, teachers' error correction and opinion-
providing abilities are also different. It is even generally believed that native
Chinese speakers are more suitable for teaching. Therefore, we draw preliminary
conclusions from the experimental results that there will be a higher risk of
repeated pronunciation errors in the process of self-learning and obtaining
negative feedback when using Al for pronunciation practice. Though using Al
for pronunciation training does have a positive effect on tonal learning, there are
still some risks and the pronunciation guidance of native-speaking teachers still

cannot be replaced by Al
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5.2. Conclusion and Future Tasks

This research shows that in the context of large individual differences in the
ability to acquire tones, tone learning cannot only involve phrases pronunciation
practice, but must pay attention to the tone perceptual ability of learners and the
cognitive load during learning.

In this research, we used conventional methods of related works and carried
out phonetic experiments and error analysis. However, we focused on the ability
of polysyllabic tone perception, performance distribution, and improvement of
ability in different perceptual tasks and designed training tasks thought to be
effective for tone acquisition.

To verify the training effect, we compared the tone production ability before
and after use of the existing phrases pronunciation practice app and a question
collection system consisting of the designed perceptual training tasks. In addition,
we considered the learning effect of applications based on the different
experimental procedure that w/o taking a pronunciation pre-test and different
operation design of perceptual training application at several pronunciation
tasks.

With a short-term application (a total of about three hours), the perceptual
training app had a significant impact on improving tone pronunciation ability
and taking a basic tone pronunciation test designed by us before training with
the app would improve tone pronunciation ability of imitation practice and
perceptual training app users.

Furthermore, the pre-exercise function that instructs perceptual training
application users to practice pronunciation lightly after enabling app has no

learning effect we expected. However, optimize the perceptual training app aim
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to reduce the extraneous cognitive load to the limit greatly increase the learning
effect of the perceptual training app.

The results from the evaluation experiment shown that training by solving
perceptual questions designed is more efficient than imitation practice to
learning Chinese tone. In addition, we considered that perceptual training with
an app is the most efficient way for learners to receive tonal information and to
reduce the cognitive load during learning. It is assumed that the best way to
implement the learning method, perceptual training, is to train with the app and
the polysyllabic tasks designed aim to make learners feel the difference and the
pitch change regarding tone.

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. Machine-learning-assisted tone
pronunciation practice is feasible.

In the future, it is necessary to consider the instructional design of
pronunciation practice based on difficulty of tone combination, error patterns,
phonemes, etc. Furthermore, it is also necessary to optimize the interfaces and
operation design or 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 [42],
[43]. 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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Appendix 1. Contents of experiment 1

Experimental explanation slide:
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Four-character idioms used:

1.

O N RO Dd

9.

10.
11.
12.
13.
14.

FIARER
REHE
REER
EEPR RS
LT
BeaX
HEBE
— T
LRI
—FT&
SlisSk=
R
BREE

Answer Sheet:

RO & 5

HEGEORE % 90
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Appendix 2. Contents of experiment 2

Phonemes used:

1. —

2.
3.
4

o+ C X

Four-character idioms:

EARTEIE

Answer Sheet:

EREDH & 434

HhEGE DM & or

<\
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Appendix 3. Contents of experiment 3
Phonemes used:

1.

ot C X 4

2.
3.
4

Four-character idioms:

B

Answer Sheet:

hEFEOME T \ T oy o \
1 8
2 el
3. 10
& 1
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Appendix 4. Contents of experiment 4
Experimental explanation slide:
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QU oR W N
[ =
NI

w

Four-character idioms : Phonemes Tested:
1. ZBH% 1. A
HEETR
=RFIL
SECNCR
FEEE
FEZTE

10.
11.
12.
13.
— 14.

oo s LN
N o oo AN
~Ad ¥ N
MM o R N X

Answer Sheet:

SO 2 Y O

L 4,
5 5
3 6
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Appendix 5. Contents of experiment 5
Four-character idioms:
1. BEAH
2. HEB%E
3. SRR
4. SUB E T
5. RITEF
6. RESHEEY

Phonemes Tested and Answer Sheet:

=H A JEE DR % 43| \
'l'l"’:lﬁf‘?@['ﬂ’J%/i’TH ~ \ [lll'lml )lijL /_f‘ j’ ~

1o 8 % ai 15 £ 2 ¢
2% u 9. e 16 A 23.
3 u 10, % au 7. 3 24
4.y 11 % ou 18 4 2
57 o 12, 3 19 L 26.
6 = 13 5 0 Y 27
Tt e 14 x 21 a 28.
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Appendix 6. Contents of experiment 6

Phonemes used:

1. —

2. A
3. W

xxxx Four-character idioms:

BREE ZFHET

xxyy Four-character idioms:

REME Rl HIAMe EREH

Four-character idioms:
1. SEEAJE
2. BREAREE
3. iR e
4. R RTE
5 ERHERX
6. LEOHR

Answer Sheet:

PEEE O & or T

1 2 EX 4. 26.

<\

PEEDR &

40

<\

41

43

38
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Phonemes used:

. T
%
2. |
Y

Appendix 7. Contents of experiment 7

wxyz Four-character idioms:

TEEER EAFrENE

xxyy Four-character idioms x,y=1or4:

EEHE BEHE =E¥KR WE/\J7

Four-character idioms:

1. RE#EH
2. EEEE
3. AR HRL
4. EERE
5. ZIEA A
6. HIEE*

Answer Sheet:

hEFHOME

26.

<\

99

33

FEGE DR % 201

40.

<\

34

41

35

42,

43

44,

45,

39

45




Appendix 8. Contents of experiment §

Phonemes used:

1.

2.

wxyz Four-character idioms:

© o NSO~ DdN -

=
%
.
Y

PN
SEHRIEIR
RIS
- ENhAY
gz
WFEF
- INGEE
EIRER
FETRRSE

10. POSE\f8

Answer Sheet:

hERE O F

<\

hEGREO R & 701

<\

11

12,
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Appendix 9. Contents of experiment 9
Phonemes and character used:

1. 5
%
2. |
Y
3. 4
A
t

Character used:

TERRAAERNERREHRBENEAER

wxyz Four-character idioms:

BERT) BREW KRV BAHE FHtE R8s

xxyy Four-character idioms (x,y=4) :

MR RASE BEER BrERE

Four-character idioms:

TEERE
JEEPRINEL
H&HEN
e

A S ol

/
Answer Sheet: e LT L AN

T ol e \
PEHOMENY

Dj DEEED

Dj D[[[D

Dj DEEED

D] DEEED

D] DEEED

|
|
|
D] DEEED :
|
|

101



Appendix 10. Contents of evaluate experiment - comparison of effectiveness of
applications to improve Chinese tone pronunciation ability

Explanatory material for the experiment:

% E8®AN

—EEOTTUOHRENR - FEEFARS

NHKIHjZ? ERHEE — SHEEDRA

SERREA

O
- FEFRZ
M2m EH

7o T Eura £
Tiirmiya vt

\C HEEHERL

E REFAFN T PEBERICE-C o[ EFFRLCKED
":_==:> e 9 k3 n | = a & 3 Eo] & 5 r 4 <
BTSE = XFHHBEE b p m  f 4 A1 gk h i a
T w £ 2] i % L - A u
DS T x th ¢ sh r oz ¢ s i u o O
PEENSOEE = BE? RS 2lalalalelol= el
EHKEEH\EEF% = 77 a o e é ai ei ac ou an en ang eng er
LY = i = -
£ = ma = ]
- Foyw marav (1) Y-—'---—-nuw_w
»2 »3
% FEEBM(1/5) E FETE(2/5)
—EFEH
) @ 9 % n £ a2 & 3 om o« 5 T 4 <
=i ’ T & £ 72 ® P % 4L
—~ % u
3 7 E = = % “ & B = L *x LN
| -
;*"—'-v"f yar - HfF = 3R L2
Jd TR JE e
s REEE(3/5) E%"a’%ﬁﬁ@ﬁ)
_ _’ _\l _\ . v_‘
_ H . 4 v 4 R ji
e _
gxw oBT ., meE|
I o o | PRI EU
AILEN J*;%ﬁ HHE

.6 .7

102



\O EE18A(5/5)
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x NHKIHY BFHE — SHAESE<A x 7 TVER

(16850%7) —H30%
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\5 BEEN \ fhaEE—

LIl (FEE—E = P8 = &RlcEA = EREER) » EEEQ—EEQEAF'Uo(DMB FERTD
BEHEECsTRERORREZSHDTE - EX5ORRRICH 778 RS TEMTSEALANE

o a2 e
W ;A P A
R i) —_

M : ) \

(me : — T

o __/ \

(R : W)

- - \ -

WRMRIAT, ROEKTCLHTRET,

H: i ‘|- i
» 24 oY ,25 0
\; HET A

- BN T OmEDH @ SFIUBA-08  CNEESGERRREER ]
® J[-7TURA s0n  wEREREARREEE ]
5)y>—u F-77omA wn  wemssEArRzEs ]
4 2 ® @ -RETA ]
3 @ CFIUEA -5 NKEASEEEFREES ]
2 )\®. @ S FIUER -S| WERERERRRERE ]
1 - @ CFIUEA 08 | WEREGERRRELR ]
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The application usage data of two users:

Emns  F-wos | Xz-wos

=] d—24& BERMY A Tm
2018-2-8 22:0 RBICOBH~ ENT A ! 1% Study 552

2018-2-8 21:55%7 7/ CAa AR - /L T (RS« ZiE2) 49 Study 5053
2018-2-8 21: 4944k - )L—) LA I FRZERR: 553 Study 4052
2018-2-6 21:50%7 7 CA AR - 7/ \1" (B#55 - Z®1) 109 Study 20

ST (B5E : #5%81) 39  Study 205
(S EE1) 359 Test 70/
(HSE . ZFi@E1) 39 Test 4053
HoE  —EEE) 39 Study 9053
BSE  f5HE3) 39 Study 8052
HEE  HHE2) 49 Study 7053
2018-2-2 8.21 E— = BEE  5E1) 69 Study 8052
2018-2-2 8:14 EP;,:. ,JEJ)\F% (G58R) 45y Study 5053

2018-2-4 22:564F5 CREGER

@y | F-vosd | XF-wos

=[5 I By £-1
2018- 2-41914tzrntfnﬂuﬁaﬁk VAN & (BBE : &
Teg-IN o (EMBEE
2018-2-4 1914 FE C& TRANNS & (BBE : &
2018-2-4 19:14 LB TRAHR - "/, 17 (EE8E . =
2018-2-4 1914 FE T TRANNS & (BBE : &
2018-2-4 19:14 478 CAzRRR - /. 1" (BES/E : Z®2) 39 Test 10083
2018-2-4 1914 FE T E AN (BBE - &i@2) 35 Test 1008

2018-2-4 19: 11 /= CAREERE - "/ \-1” (E5E . ZE1) 29 Test 60s%
2018-2-4 19:6 ERRH - —SEHEF 44y Study 9055
2018-2-3 16:34 B CAHRS - /L "1 (EE5fE : =@2) 3% Test 9182
2018-2-3 16:30FEFESHAAFT  (GREA) 35y Study 100/
2018-2-3 16:25 8/ CALRE - /L "1 (Bi5fE : =@2) 25 Test 83s2

S - I (G5 - &Ei@1) 3% Study 8053
2018-2-3 16:178F T AT (BE5E - ZE1) 39 Test 80s%

2018-2-3 16: 1SE—E|F=' A - B (EEBE  f5HE3) 25 Test 1008
2018-2-3 16:10F — =5 : ‘at (HSE : 5E2) 29 Test 1002
2018-2-3 16:7 }:—‘Eifi-f - ,E.‘ (BB 1) 25 Test 90/
2018-2-3 0:28 P —BFERE - B (HSE : f5E1) 39 Study 805
2018-2-30:25 F—& i - AR (EHSE . —EEE) 29 Test 90s

(

2018-2-3 0:20 P —BFEHERE - N8 HPE . —&BfHE) 39 Study 803
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The images presented for pronunciation test:

4 syllables tone template:

\O S57AN F2TIL—b

I\A

Template syllabication:

i \ S
I\A I\A

5 —_— 5

2 2

1 1

53R \ O
I\A I\A

5 5

4 4

3 3

2 2
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Template reordering (24 patterns):

\ IEZE =

) \ Bz =

I\A J\A

| ~ \ i \ “
[ NEZE=

INA J\A

: e \/
i N N

2 syllable phonemes change (15 patterns):

\ BRZEE \ BEE(L
I\ > I\ >
5 B ——— —_— 5
4 4 /
3 3
2 2
1 1
SEZ: \ BFEL
I\ > I\ >
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Chinese phrases:

\ thEE {REF ZAICB(E \ thEzR BR =L5R5
—— J\D Ha FI>
» 5 » 5
» 4 / . 4
v 3 - 3
.2 -2
» 1 \=’ .1
\ hEE 7 2T \ ERE BulrEs WSoLeWEE
7 > vy A 7 U
» 5 D — S
- 4 / » 4 /
» 3 » 3
2 2
1 . 1
\ PEEE =E3 BlELS \ FEE =y =P
W7D 77> A >
5 —_— 5 ———
4 - 4 /
3 » 3
2 2

F1 \;—
\G rhEGE INEEA, >3 —0O2R—

=777 0> A,
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Pronunciation recording sheet:
The pre-test and post-test -

B
Tone Template 1234 1234
Syllabication 1234 azls
Reordering 1234 1243
1342 1324
1423 1432
4132 4123
4213 4231
4321 4312
412 3421
3241 3214
3124 3142
2143 2134
2314 1341
2431 2413

Phonemes “Ha Si”

Phonemes “Ka Mi”

Phrases imitating

Phrases

109



The final-test:

Tone Template

Syllabication

Reordering

1234 1234
1234 3214
1234 1243
1342 1324
1423 1432
1132 1123
4213 4231
4321 4312
3412 3421
3241 3214
3124 3142
2143 2134
2314 2341
2431 2413

Phonemes “Si Ro”

Phonemes “Yo Ru”

Phrases imitating

Phrases
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Questionnaire for 2 application users:

Chinese pronunciation learning tool provided by NHK's language program

FAUMNHK) (CDWVTH T 4 —
1. ERECON T FOSERAC B .

= G FH-FE
Il | O <ft 0O A BRGE. REELUH0D) SaoEEak O F
THRER | O |ohL O #=F O —& 0 —& 0= O =ZFklE

2BF AT DN TEREOSFE RSO ICOEAF TN
12<{BUFESR 2B TRFESZN 3HFEDHTEFESIN
4B TEFES 5HTEFED 6IFRICHTIEIED

HH < HTEFEERBW HTEHES —
PFEOFECELLE 1 2 3 4 5 @&
(A=) FEDEBRECED 1 2 3 4 5 @&
(PR A) FROEBRITEIID 1 2 3 4 5 @&
(BED T FEOBEICETD 1 2 3 4 &5 @
(BFEYTILOEE) FROEBEICHETD 12 3 4 5 8
(F5. 558 FHEOERICEUD 1 2 3 4 5 g
(FoOS=0IN FRCEREICHRTD 12 3 4 5§
(B FRADBRECETD 12 3 4 5§
BEEULIIILORBS EF<TES 12 3 4 5 &
(HEFA N FEROBRVIIECES 1 z 3 4 5 @&
FEETA - F2TL— N FEORVIFEECRS T2z 3 4 5 8
(FEETZ I - £ FREORVIIEICRS T2z 3 4 5 8
(FEEZZ - IBEEL) FEORVIFRICRRS T2z 3 4 5 8
(FEEZZ - - B FHEORVIRICRRS T2 3 4 5 8
HFEFRAE - 2vFa2Y) FEAORVIIRICRE Tz 3 4 5 8
(FEEZZ b - HEE) FREORVIIECRS Tozoo3 4 5 8
HETA MFIEaW 12z 3 4 5 6
TEECERT 3 o2 8 45 6
HH < HTEFESRY  HEFES —
COF7UTERAFEFEaL 12 2 4 B 8§
BEITSL. FRORESNLF 13 LED 1 2 3 4 5 e
REE (RS LRAEN 1 2 3 4 5 6
FEOBE=SFELL 1 2 3 4 5 &
FEOFESHELL 1 2 3 4 5 6
COFTUOFEEIENERH < &N 1 2 3 4 5 &
BELTERADFESN EF23asLazn 1 2 3 4 & 6
o SHEEASRENSEE Liahin 1 2 3 4 5 g
(—8H) 304 3E0FIUERZL-HDITo 1 2 3 4 & 6
(ZEB) 304 3EOFPIUERE Lo2MDITOIE 1 2 3 4 5 e
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The perceptual training application developed by us

F)BELA) COANTOTF

1 R AT RO BR CREEIES .

Bl (O it O Bt BFSE. WM SR O OFE
TRER | D WS O ¥=E O —& O == O ==kt
2EFC AT DN TR OFPE -, VB COF DI T8
12{BTEFESA 2HTEFESEL IHFEDHTEFFESAL
4POBTEES SHTIEFES 6IFRCHTIEES

HH = B TEFSLBN  HUEFES —

FROFE(ICELLEZ

(M=) FRRRMEBEEICESTD

(FPTUSAE) FEROEBRCETD

(ST=F5i0) FRRBRCRUTD

(PREE00R) FREECIBRE(CH2 T D

(E—5) FROBECERTD

(BELAE—F) FREOCERCEID

(BEFREEE) FROERCETD

(mEERICmiERR:RE) FEOEBEICRTD

(E-—Bo=Eaa==t) SROERECETD

(BurizEt) FREOEBECHITD

(BF=z=) FEOEBRECETD

(EHFR) FEROERCETD

B (BE—5-K18) or=sinEE

BR (E-8) om=a1ia'hE

FH (BF) omssanEsE

B (0F) om=sirhnEs

BRE V1) om=saaEsE

1EH —HTEEERN HTEHES —

B () oE=EsiEE 1 2 3 5 5
B (1) oE=sitEE 1 2 3 5 5
1 A—DHOREFEE 1 23 5 4
ORI A0 1 2 3 5 g
FEEFTRI) FROBRVIIEICZS Tz 3 58
HBETAH - 72T L— ) BEOBRVIECLS 1 2 3 5 8
FHETAH - 98 FRORVIECRS 1 2 E B 8
FHEETAN - IBEH) FHECRVIIEICRS 1 2 E B 8
FHBT2 - BEF) FRACRVIIFECES o2 a3 5 6
FEEFRI - v Er) FADRLIECRES o2 3 5 6
FHEFRI - FEE) FRORVIIECZS o2 3 5 6
HEETAMMEAL 1 R E 6
REEECEEN S 1 2 3 5 8
COFT I TEEFEIEAN 1 2 3 5 [l
BETEL. FEORSHILFRELED 1 2 32 2 8
REREFEEOHATEL 1 2 2 5 g
EREOEEATHE# LN 1 2 3 5 a
FREOREES#ELL 1 R E 6
COFTUOFEETESER < EL 1 2 3 5 g
BE L TEFEADRST <R3 Lan 1 2 £ g 8
EREE - SETREEEI IV o2 3 5 6
(—@H) 305 3EOFSIERE LT 1 2 32 2 8
1 2 3 5 &l

(TEA) 304 3 EOQFPT HEREL2HDIT2Z

112




Appendix 11. Contents of evaluate experiment - comparison of effectiveness of

applications to improve Chinese tone pronunciation ability

Explanatory material for the experiment:

EEZR

=886

REZECDWLT

TTUOHRERE - hEEFRRES
2ON—TF BT BOINBROTTUEERTS

o L q
Utrunomiys Unbavally

»2

T iSRS
_ EEH=E
SRS HA
oY
. (PEEIRRE
[ ) R
\; E£EEN \; HREGEFEE

BEOEREEH
PEENSERE - FE?
BEBNSTEE = 77

o L Cj
Utsunomiye Linbavaly

»3

E HERERERL
REFFAEN TAFPEERDE-C o0 iSRG

2 x n C 2 E 3 sl « T r H £

b ] m f d t n 1 g k h i q

T L il r n = dn — X

X zh ch sh r z [4 5 i u ufv

Y A < t ~ 2 z 5 ] *x £ L

a o =3 e al el ao ou an en ang Eng er
W = i = —
E = ma =

»4

FHEEM(1/5
% (1/5)

—EFT B
®

L p——n

PRk

o LaE q
Utrumomibe Linbavally

»5
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\, BEH/5)

3 E4

»6

\ BEER(3/5)

\, FERL/5)

. ],] . ],] ],] . | . . hd A, H_ vl . jiu
= — | — | — X X X X
Bl Bl N
PERERE o SLECE .
fdEs | RS | Toae . A i s | TLESHL | 43
TEE | =, pg, : FggEt | U a | mU | JuEa | EX | mu
mat | | S s %5
»8 g »9 g
¥ AB @H \3 YOYOCHINESE Pinyin Chart Table
:_= - S O e e e e 29 consonants
B g B A EIETS £

S[a[-]Je] -] Ix[s]s[u] Seaste da s

i) e
HENEE

LI [ERRRREE *® T * 5
By be— R

O LR (]
|

36
vowels. |

difeaddadgae

ELIERS EEELELERT BT
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